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The synthesis of hemiaminal of indole is described by the reaction of indole with formaldehyde in the presence of
TBAF in water at ambient temperature. The procedure is very efficient, mild, convenient, and environmentally
benign with high yield of product. Moreover, the reuse of reaction media makes the procedure an attractive

alternative to earlier methods.
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Introduction

Indole and its myriad of derivatives continue to
capture the attention of synthetic chemist because of
their profound biological activity (/). Some hemi-
aminals of indole and related N-heterocycles possess
anti-tumor activity (2,3). Additionally, these com-
pounds have been utilized as labile precursor for
in-situ generation of formaldehyde (4—6) and a self-
cleavable linker for drug molecules to improve their
bioavailability (7,8). In the view of their potential
applications in pharmaceuticals, the development of
an efficient method for the synthesis of hemiaminals
of indoles is desirable.

The conventional methods for the synthesis of
hemiaminals involve the addition of formaldehyde or
paraformaldehyde to the amines under strong basic
condition which give lower- to-moderate yield (34—
70%) even at higher temperature (100°C) (2,3)
(9-15). Alternatively, the deprotection of N-[2-
(trimethylsilyl)ethoxy]methylamine (SEMNR,) or
benzyloxymethylamine (BOM-NR;) occasionally
gives hemiaminals as byproducts (/6—23). The two-
step synthesis of hemiaminal of indole is also reported
by the reduction of carbamates (24).

Organic solvents are widely used for organic
reactions and have been the cause of concern because
of their environmental hazards. Because of the
growing awareness of the environmental obligations,
there is a considerable incentive to find catalytic
system with reusable reaction media that are efficient
and environmental friendly. Recently organic reac-
tions in aqueous media (25—29) have attracted much

attention in synthetic organic chemistry, not only
because water is one of the most abundant, cheapest,
and environmentally friendly solvents, but also be-
cause water exhibits unique reactivity and selectivity
which is different from those obtained in the conven-
tional organic solvents. Thus, the use of water instead
of organic solvents has gained importance as an
essential component of the development of sustain-
able chemistry (30). Tetrabutylammonium fluoride
has been widely recognized as a convenient source of
naked fluoride ion, and it has been extensively used
(31-46) in organic synthesis for various transforma-
tions like desilylation (34-37) and Aldol condensa-
tion (43—46).

In continuation of our research program (47-55),
for the development of environmentally benign meth-
odologies, we envisioned to explore the catalytic
activity of TBAF for the synthesis of hemiaminal of
indole. Herein, we wish to report the synthesis of
hemiaminals by the reaction of indoles with formal-
dehyde utilizing TBAF in water as reusable reaction
media at ambient temperature.

Results and discussion

The initial reaction of indole 1a (I mmol) with
formaldehyde 2 (1 ml, 37% aqueous solution) in water
(5 ml) at room temperature gave only trace amount of
desired adduct 3a even after longer reaction time (12
hours). However, the addition of catalytic amount (10
mol%) of TBAF to the above reaction mixture
accelerated the rate of reaction, and desired hemiam-
inal was obtained with high yield (94%) within
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Scheme 1. Optimization of reaction condition.

2 hours. This may be presumed that the naked fluoride
ions from TBAF certainly catalyzed the reactions. To
search for the better fluoride ion source, we screened
different fluoride ion sources under the similar reaction
condition (Scheme 1; Table 1).

It was found that the fluoride ion of TBAF in
water greatly enhanced the efficiency of reaction. This
may be attributed to the hydrophobic interaction of
water which induces a favorable aggregation of the
polar components in water. It is important to note
that the present method is suitable for a selective N-
hydroxymethylation of indole. For example, the
reaction of indole with formaldehyde (aq.) in the
presence of TBAF gave exclusively N-hydroxymethy-
lated indole. Though the C-3 position of indole is
nucleophilic in nature (56,57), we have not observed
the formation of any C-3 hydroxymethylated product
with TBAF in water. After numerous attempts, we
have established that 10 mol% of TBAF is suitable
for optimum conversion. Further, with a set of
optimized reaction conditions in our hand, we
examined the scope of the reaction with respect to
the different substituted indoles. Various indoles with
electron-donating or electron-withdrawing group re-
acted smoothly to afford the desired products in good
to excellent yields, and the results are summarized in
Table 2. During investigation it was observed that

Table 1. Optimization of reaction condition for the synth-
esis of Hemiaminal 3a®.

Mol% of Time  Yield® of
Entry Additive additive  Solvent  (h) 3a (%)
1 - — Water 12 Trace
2 TBAF 10 Water 2 94
3 TBAF 10 CH,Cl, 2 -
4 TBAF 10 MeCN 2 23
5 TBAF 10 MeOH 2 32
6 TBAF 10 DMSO 2 38
7 TBAF 10 DMF 2 42
8 CsF 10 Water 2 19
9 KF 10 Water 2 17
10 LiF 10 Water 2 24
11 NH4F 10 Water 2 28
12 TBAF 20 Water 2 94
13 TBAF 40 Water 2 95

“Reactions condition: la (I mmol), 2 (1 ml, 37% aqueous
formaldehyde solution), solvent (5 ml), room temperature.
®Isolated yields.

€23% C-3 hydroxymethylated product was obtained.

electron withdrawing group facilitated the reaction.
For example, indole with ester (Table 2, Entry 7, 11) or
nitro (Table 2, Entry 8) substituents underwent hydro-
xymethylation very efficiently and gave high yield of
desired product. Other substituted indoles also reacted
analogously to provide expected product in good yield.
The efficiency of the procedure is strengthened by
examining the reaction of fused heterocyclic system.
We observed that azaindole also reacted with formal-
dehyde in standard condition to give corresponding
product in good yield (Table 2, Entry 13).

Further, we have studied the reusability (58) of
reaction media. After completion of the reaction, the
product was isolated simply by extraction with
EtOAc-Hexane (1:1). The remaining aqueous layer
containing TBAF was directly used for the next cycle.
The reusability of reaction media was studied up to
fifth cycle without any substantial loss in catalytic
activity of medium. However, during the fifth cycle,
the reaction requires longer time for completion
(Scheme 2; Table 3). We believe that the efficiency
and reusability of reaction media makes the proce-
dure more eco-friendly.

Although the synthesis of hemiaminals has been
reported in water medium with reflux under strong
basic condition (2,6), the present method has pro-
vided a useful alternative over conventional methods
for the same transformation, as our method has
distinct advantages such as, mild reaction condition,
shorter reaction time, high yield and reusable reaction
media. Moreover, the functionalities such as ester,
aldehyde, ketones, double bond, and ether remains
unaffected in the present reaction condition. It is also
noteworthy that the present method provides access
to the synthesis of new indole derivatives which are
not prepared earlier.

Experimental section

All chemicals were purchased from Fluka and S. D.
Fine Chemicals. TLC: precoated silica gel plates (60
Fss4, 0.2 mm layer; E. Merk. M.p.: Barnstead
Electrothermal 9300 apparatus; uncorrected. IR spec-
tra: Thermo Nicolet Nexus 670 Spectrometer; v in
cm ! 'H-, BC-NMR Spectra: Varian 200, Bruker
300 and 50, 75 MHz spectrometer, respectively; in
CDCl; or (Dg) DMSO; 6 in ppm relative to TMS as
internal standard, J in Hz. Mass spectra: VG
Autospec; in m/z.
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Entry Indole (1a—m) Time (h) Product Yield® (%)
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Table 2 (Continued)

Entry Indole (1a—m) Time (h) Product Yield® (%)
Cl
Cl
B o
9 N 1.8 \ 93
H
) OH
i 3
Br
Br
D o
10 N 1.8 \ 91
H
OH
1 3]
B ®
_—0 N —0 N
11 H 1.8 \\ 96
(0]
o OH
1k 3k

N
12 H 1.8
o)

G PN

3l
X
N \ 84
OH
3m

#Reactions condition: 1(a—m) (1 mmol), 2 (1 ml, 37% aqueous formaldehyde solution), TBAF (10 mol%), water (5 ml), room temperature.

® Isolated yields.

Typical procedure

Indoles (1 mmol) and formaldehyde (1 ml, 37%
aqueous solution) were combined with 5 ml water in
a closed round bottomed flask equipped with a stir
bar. Tetrabutylammonium fluoride (10 mol%) was
added to above reaction mixture and stirred at room

temperature for stipulated time (Table 2). After
completion of reaction, as indicated by TLC, the
reaction mixture was extracted with a mixture of ethyl
acetate:hexane ((1:1), 3 x6 ml). The combined or-
ganic extracts were washed with brine, dried over
anhydrous Na,SOy,, and concentrated in vacuo. The

(@] O
~ ~
o) TBAF (10 mol %)

A\ . O o ° N

N )J\ Water , rt. N

) H™ H .

OH
19 2 39

Scheme 2. Study on the reuse of reaction media.



Table 3. Study on the reuse of reaction media for the
synthesis of hemiaminal®.

Cycle Time (h) Yield® of 3g (%)
1 1.8 94
2 94
3 2 92
4 2 90
5 52 91

“Reactions condition: 1 g (10 mmol), 2 (10 ml, 37% aqueous
formaldehyde solution), TBAF (10 mol%), water (50 ml), room
temperature.

®Isolated yields.

resulting crude product was further purified by
column chromatography using ethyl acetate:hexane
(1:3) as eluent to afford the pure hemiaminal of
indoles.

All the synthesized compounds were characterized
by 'H-NMR, "*C-NMR, IR, and mass spectroscopic
techniques. Spectral data for selected new compounds
are given below.

1. Compound 3¢ (Table 2, Entry 3): Brown solid,
melting point 83-85 °C; 'H NMR (300 MHz,
CDCl3): & 7.47(d, J=79 HzlH), 7.36(s, 1H),
7.31(d, J=7.9 Hz, 1H), 7.22-7.09(m, 2H), 5.47 (s,
2H), 4.58 (brs, 1H); '*C NMR (75 MHz, CDCls): &
135.40, 131.28, 130.88, 123.31, 121.34, 121.20,
109.59, 69.47, 57.85; IR (KBr) v =3410.64, 3053.03,
2901.54, 1460.77, 1308.83, 1199.21, 1013.73, 822.41,
742.46 cm . MS (ESI) m/z 296(M + Na) ™.

2. Compound 3g (Table 2, Entry 7): white solid, melting
point 150-152°C; '"H NMR (300 MHz, CDCl5): 5 8.3
(d, J=1.5 Hz,1H), 7.85(dd, J=1.5, 8.3 Hz, 1H),
7.40(d, J =8.3 Hz, 1H), 7.19(d, /=3.0 Hz, 1H), 6.56
(d, J=3.0 Hz, 1H), 5.61 (s, 2H), 3.90 (s, 3H), 2.82
(brs, 1H); *C NMR (75 MHz, (CD;),S0): 5 167.65,
138.39, 130.74, 128.67, 123.40, 122.56, 121.43,
110.81, 103.13, 69.26, 52.17; IR (KBr) v =3408.93,
3095.47, 2953.01, 1690.03, 1610.23, 1301.81, 1199.33,
1033.65, 751.47 cm ~'. MS (ESI) m/z 228(M + Na)*.

3. Compound 3i (Table 2, Entry 9): white solid, melting
point 116-118°C; '"H NMR (300 MHz, CDCl): &
7.54 (d, J=1.7 Hz, 1H), 7.34(d, J=8.6 Hz, 1H),
7.17(d, J=1.7 Hz, 1H), 7.13(d, J=3.2 Hz, 1H), 6.42
(d, J=3.2 Hz, 1H), 5.56 (s, 2H), 2.42 (brs, 1H); '*C
NMR (75 MHz, CDCls): § 133.30, 131.74, 128.22,
124.25, 122.65, 120.63, 110.52, 102.69, 70.08; IR
(KBr) v=3413.54, 3043.13, 2911.34,1469.67,
1311.91, 1187.91, 1014.53, 812.41, 741.16 cm '
MS (ESI) m/z 204(M + Na) ™.

4. Compound 3j (Table 2, Entry 10): white solid, melting
point 105-107°C; '"H NMR (300 MHz, CDCls): &
7.71 (d, J=1.5 Hz,1H), 7.29-7.28 (m, 2H), 7.11(d,
J=3.0 Hz, 1H), 6.42 (d, J=3.0 Hz, 1H), 5.54 (s,
2H), 2.53 (brs, 1H); '*C NMR (75 MHz, CDCl;): &
134.82, 12991, 126.12, 124.52, 122.42, 119.23,
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112.54, 104.39, 69.23; IR (KBr) v=23411.44,
3033.03,  2901.24,1459.57, 1301.81, 1177.81,
1004.43, 849.41, 747.17 ecm~'. MS (ESD) m/z
249(M + Na)*.

5. Compound 3k (Table 2, Entry 11): white solid,
melting point 98-100°C; 'H NMR (300 MHz,
CDCly): 5 8.12 (d, J=1.5 Hz,1H), 7.73(dd, J=1.5,
8.3 Hz, 1H), 7.56(d, J=8.3 Hz, 1H), 7.30(d, J =3.7
Hz, 1H), 6.50 (d, J=3.7 Hz, 1H), 5.61 (s, 2H), 3.83
(s, 3H), 3.71 (brs, 1H); *C NMR (75 MHz,CDCl5):
8 168.28, 135.05, 132.95, 130.73, 123.41, 121.23,
120.53, 111.99, 103.08, 69.47, 51.93; IR (KBr)
v =3408.93, 3095.47, 2953.01, 1690.03, 1610.23,
1301.81, 1199.33, 1033.65, 751.47 cm ~'. MS (ESI)
m/z 228 (M + Na)*.

6. Compound 3m (Table 2, Entry 13): pale yellow solid,
melting point 95-98°C; 'H NMR (300 MHz,
(CD5),SO): & 8.22 (dd, J=0.9, 4.5 Hz, 1H), 7.85
(dd, J=1.1, 7.7 Hz, 1H), 7.43(d, J =3.4 Hz, 1H),
7.05-7.01 (m, 1H), 6.42 (d, J=3.4 Hz, 1H), 6.28 (t,
J=6.6 Hz, 1H [for OH)), 5.51 (d, J=6.6 Hz, 2H);
3C NMR (75 MHz, (CD3),SO): & 146.91, 142.41,
128.72, 128.54, 120.39, 116.06, 99.99, 66.35; IR
(KBr) v=3399.64, 3073.03, 2899.54,1480.71,
1328.73, 1179.91, 1011.71, 743.44 cm~'. MS (EI)
mjz 148 (M) ™.

Conclusion

In conclusion, we have developed highly efficient
procedure for the synthesis of hemiaminal of indoles
by utilizing TBAF in water as reusable reaction
media. This method is bestowed with advantages
such as simple, mild, high-yielding, and environmen-
tally benign nature. The present protocol was success-
fully applied to a variety of substituted indoles to
obtain their respective hemiaminals in good to
excellent yield. The important features such as mild
reaction condition, aqueous reaction media, and
reusability of reaction media may contribute to the
green chemistry.
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