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A simple and eco-friendly method for the aminomethylation of various 3-substituted oxindoles via three-
component Mannich reaction in aqueous media has been established. A variety of oxindoles containing a
quaternary carbon center, which comprises an aminomethyl group were obtained smoothly in good
yields (up to 93%) with this method. Particularly valuable features, such as employing cheap and readily
available formalin as a useful aminomethylation C1 unit and using water as a reaction medium, are
embodied in this method.

� 2010 Elsevier Ltd. All rights reserved.
Oxindoles bearing a quaternary carbon center at the C3 position The Mannich reaction,6 in which an enol or enolate attacks an
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are ubiquitous in nature and utilized as building blocks for alkaloid
synthesis1a,b as well as development of potential therapeutic
agents.1c In particular, oxindoles containing a hydroxymethyl or
aminomethyl group at the C3 position are very attractive and
valuable synthetic targets. Due to the ease of transforming
hydroxymethyl and aminomethyl group to other functionalities,
hydroxymethylation or aminomethylation oxindoles can act as po-
tential intermediates for further elaboration. Actually, the addition
reaction of prochiral 3-substituted oxindoles to formaldehyde or
formaldehyde-derived imines provides a beneficial route to access
oxindole derivatives containing a quaternary carbon center, which
comprises a hydroxymethyl or aminomethyl group (Scheme 1).
Although many transformations using 3-substituted oxindoles as
nucleophiles (donor) reacting with various electrophiles (acceptor)
have been developed,2–4 to the best of our knowledge, the exam-
ples that can directly deliver oxindoles bearing a hydroxymethyl
or aminomethyl group at the C3 position with formaldehyde or
formaldehyde-derived imines as electrophiles are still scarce. Very
recently, we developed one method for the hydroxymethylation of
3-substituted oxindoles with paraformaldehyde as C1 source and
chiral bifunctional thiourea-tertiary amine as catalysts.4b Inspired
by the success of hydroxymethylation of 3-substituted oxindoles,4b

we hope to continue pursuing aminomethylation approach to ac-
cess a series of oxindoles bearing an aminomethyl group at the
C3 position via Mannich reaction.5
ll rights reserved.
imine or an iminium ion, is a powerful tool for introducing amino-
alkyl fragments into organic molecules. Because formaldehyde
does not form stable imines, in an attempt to avoid this issue, we
chose to examine the three-component reaction of 3-substituted
oxindoles, amine, and formaldehyde (Scheme 1, (2)). We envi-
sioned that the iminium ion, generated in situ from formaldehyde
and amine, was attacked by the C3-position of oxindoles to form
the corresponding aminomethylation products. On the other hand,
organic reaction in water has recently attracted great interest in
organic synthesis due to its cost, safety, and environmental con-
cern.7 Herein, as continuation of our studies on the synthesis of
oxindole-derivatives,4,8 we report the first three-component
Mannich reaction of 3-substituted oxindoles, formalin, and various
secondary amines in aqueous media for the aminomethylation of
3-substituted oxindoles, particularly with formaldehyde-derived
iminium ion generated in situ as electrophile.
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We initially investigated the three-component Mannich reac-
tion of oxindole 1a (0.3 mmol), dibutylamine (2a) (0.9 mmol),
Table 1
The optimization studies on the aminomethylation of oxindole 1aa

N

Bn

Bn

C4H9 N
H

C4H9 ++
N
Bn

NBn
C4H9

C4H9

1a 2a 3 4a

H H

OO O

Entry Solvent 3 T (�C) Time (h) Yieldb (%)

1 (ClCH2)2 (CH2O)n 35 24 46
2 CH2Cl2 (CH2O)n 35 24 45
3 CHCl3 (CH2O)n 35 24 36
4 EtOAc (CH2O)n 35 24 90
5 Toluene (CH2O)n 35 24 41
6 Xylene (CH2O)n 35 24 23
7 CH3CN (CH2O)n 35 12 84
8 THF (CH2O)n 35 24 38
9 Water (CH2O)n 35 24 30

10 Water (CH2O)n 35 24 43c

11 Water (CH2O)n 70 3 85c

12 Water Formalin 70 3 85c

13 Water Formalin 90 3 87c,d

a Unless otherwise specified, the reactions were carried out in solvent 6.0 mL
with 0.3 mmol 1a, 3.0 equiv 2a and 3.0 equiv 3 at the specified temperature.

b Isolated yield after chromatographic purification.
c Using 10 mol % sodium dodecyl sulfate (SDS) as additive.
d The reaction was carried out in solvent 6.0 mL with 0.3 mmol 1a, 2.0 equiv 2a

and 4.0 equiv formalin in the presence of 10 mol % SDS at 90 �C.

Table 2
Three-component reaction for the aminomethylation of various 3-substituted oxindolesa,b

N

R2

R1

C4H9 N
H

C4H9 ++

1b-r 2a 3

formalin

R3
O

Entry 1

1

N

Bn

R1

O

R1 = Me (1b)
2 R1 = MOM (1c
3 R1 = Boc (1d)

4

N

R2

Bn

O

R2 = CH(CH3)2
5 R2 = C2H5 (1f)
6 R2 = 4-MeOC4H

7

N

R2

Me

O

R2 = 4-MeOPh
8 R2 = 4-MePhC
9 R2 = 3-MePhC

10 R2 = 4-BrPhCH
11 R2 = 3-BrPhCH
12 R2 = 4-ClPhCH
13 R2 = 4-MeOC6H
14 R2 = 2-thienyl
15 R2 = 1-naphth

16

N

Bn

Me

R3
O

R3 = Me (1q)
17 R3 = Br (1r)

a Unless otherwise specified, the reactions were carried out in 6.0 mL water with 0.3 m
presence of 10 mol % SDS at 90 �C.

b In these reactions, only trace amount hydroxymethylation product was observed.
c Isolated yield after chromatographic purification.
d The corresponding aminomethylation product 4d was decomposed to the starting m
and paraformaldehyde (0.9 mmol) in various solvents (6.0 mL) at
35 �C (Table 1, entries 1–8). It was found that ethyl acetate (EtOAc)
was superior to other examined solvents like chlorinated solvents,
toluene, xylene, CH3CN, and THF in view of the yield (Table 1, entry
4 vs entries 1–3 and 5–8). However, with further consideration on
the development of environment-friendly chemistry, we tried to
conduct Mannich reaction in water. To our delight, with further
studies by adding sodium dodecyl sulfate (SDS) as additive or
increasing reaction temperature, the desired product 4a could be
obtained smoothly in 85% yield in a shortened reaction time
(3 h) (Table 1, entry 11). Afterward, the paraformaldehyde was re-
placed with more widely available formalin as C1 source for ami-
nomethylation reaction,9,10 we were pleased to find that 4a could
be obtained in 85% yield in 3 h (Table 1, entry 12). Finally, it was
noted that a slightly higher yield of 4a could be obtained with
2.0 equiv of 2a and 4.0 equiv of formalin (based on the pure form-
aldehyde) at 90 �C (Table 1, entry 13).9,10

Next, the scope of the three-component Mannich reaction of
various 3-substituted oxindoles with dibutylamine (2a) and forma-
lin (3) was investigated (Table 2). Firstly, the 3-benzyl-oxindoles
1b and 1c were able to deliver the corresponding products 4b in
88% yield and 4c in 73% yield, respectively (Table 2, entries 1 and
2). Substrate 1d could be converted to the desired aminomethyla-
tion product in 3 h,11 but the aminomethylation product was
decomposed to the starting material 1d during the purification
via flash chromatography (SiO2) (Table 2, entry 3). We presumed
that there was a retro-Mannich process occurring during the
course of purification for this case. Afterward, N-benzyl-oxindoles
1e–g were also investigated; we found that their corresponding
aminomethylation products were able to be obtained in good
N
R1

NR2
C4H9

C4H9

4b-r

R3
O

Water (6.0 mL)
90 oC

SDS (10 mol %)
as additive

Time (h) 4/Yieldc (%)

3 4b/88
) 5 4c/73

3 4d/—d

(1e) 5 4e/81
5 4f/80

4 (1g) 5 4g/82

CH2 (1h) 3 4h/86
H2 (1i) 3 4i/82
H2 (1j) 3 4j/90
2 (1k) 3 4k/88
2 (1l) 3 4l/78
2 (1m) 3 4m/88

4 (1n) 5 4n/85
methyl (1o) 4 4o/75
ylmethyl (1p) 5 4p/72

3 4q/81
3 4r/93

mol 1, 2.0 equiv 2a and 4.0 equiv formalin (based on the pure formaldehyde) in the

aterial 1d during the purification via flash chromatography.
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yields, regardless of alkyl or aryl group connected with the C3 po-
sition of oxindole scaffold (Table 2, entries 4–6). Subsequently, var-
ious 3-substituted N-methyl-oxindoles with different substitution
patterns on the phenyl ring of benzyl group were also examined
and good yields were obtained in these cases (Table 2, entries 7–
12). Oxindole incorporating a 2-thienylmethyl group at the C3 po-
sition was also a viable substrate (Table 2, entry 14). Substrate
bearing a bulky 1-naphtylmethyl group also gave smoothly its
product in 72% yield (Table 2, entry 15). Using 3-aryloxindole 1n
as a substrate, the Mannich reaction also proceeded smoothly
and afforded the product in 85% yield (Table 2, entry 13). In addi-
tion, N-methyl-3-benzyl-oxindoles bearing an electron-donating
or electron-withdrawing group at the C5 position also could en-
gage in the process efficiently (Table 2, entries 16 and 17).

Furthermore, the amine component of the three-component
reaction was surveyed. Under the optimal reaction conditions,
when dimethylamine (2b) was used as an amine partner, it was
observed that the desired aminomethylation product 4s was ob-
tained in 56% yield, while the hydroxymethylation product 5 was
also obtained in 38% yield (Table 3, entry 1). It is likely that there
were three-component Mannich reaction and the aldol reaction
of oxindole to formaldehyde proceeding simultaneously during
Table 3
Three-component reaction for the aminomethylation of 3-substituted oxindoles 1b with v

N

Bn

Me

3

N
H

R R'
O + + formalin

Water (6.0 m
90 oC

SDS (10 mo
as additiv

1b 2b-l

Entry 2 Time

1c,d N
H (2b) 3

2 N
H (2b) 3

3 N
H (2c) 3

4 N
H (2d) 3

5 N
H (2e)

5

6 N
H (2f)

5

7 N
H (2g)

3

8 N
H (2h)

5

9 N
H

O

(2i)
5

10 Ph N
H

Ph
(2j) 5

11 Ph NH2 (2k) 3

12 Ph NH2 (2l) 3

a Unless otherwise specified, the reactions were carried out in 6.0 mL water with 0.3 m
presence of 10 mol % SDS at 90 �C.

b Isolated yield after chromatographic purification.
c The solution of dimethylamine in water (40%) was used.
d The reaction was performed 6.0 mL water with 0.3 mmol 1b, 2.0 equiv 2b and 4.0 e
the course and leading to their corresponding aminomethylation
and hydroxymethylation products, respectively. However, when
the amount of dimethylamine was increased up to 4.0 equiv from
2.0 equiv to oxindole, the same reaction gave 4s in 74% yield and 5
in 20% yield (Table 3, entry 2). Subsequently, various other second-
ary amine 2c–j were, respectively, employed for the reaction with
1b and formalin (3) with substrates ratio 1:4:4 (1b/2/3) (Table 3,
entries 3–10). We found that, except that 2e, 2f, and 2j gave
hydroxymethylation product 5 as the major product (Table 3, en-
tries 5, 6 and 10), the other substrates mainly provided the desired
aminomethylation products. In addition, when primary amine 2k
and 2l were employed, only trace amount of aminomethylation
products were found but hydroxymethylation product 5 could be
obtained in poor yields (Table 3, entries 11 and 12).12

A postulated mechanism for the formation of aminomethyla-
tion and hydroxymethylation products is illustrated in Scheme 2.
3-Substituted oxindoles as nucleophiles attack the methylene
iminium ion, generated by the condensation of secondary amines
2 and formaldehyde 3, leading to the corresponding Mannich prod-
ucts 4. On the other hand, possibly 3-substituted oxindoles attack
formaldehyde component via aldol addition process, thereby yield-
ing the hydroxymethylation product 5. The Mannich reaction is
arious aminesa

N
Me

OHBn

N
Me

NBn R
R'

4s-x 5

O O
L)

l %)
e

+

(h) 4/Yieldb (%) 5/Yieldb (%)

4s/56 38

4s/74 20

4t/72 23

4u/75 18

Trace 64

Trace 68

4v/85 12

4w/87 11

4x/52 43

Trace 75

Trace 42

Trace 35

mol 1b, 4.0 equiv 2 and 4.0 equiv formalin (based on the pure formaldehyde) in the

quiv formalin in the presence of 10 mol % SDS at 90 �C.
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Scheme 2. Proposed reaction pathway for the aminomethylation of 3-substituted oxindoles.
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presumably of great priority compared to the aldol reaction in the
reaction system, therefore, the aminomethylation products were
observed as major products in most cases. In contrast, in the case
of using some bulky structure amines or primary amines as sub-
strates (Table 3, entries 5 and 6 and 10–12), maybe the preferential
reaction is aldol reaction, thus affording the hydroxymethylation
product as the major product.

In conclusion, we have developed a simple and eco-friendly ap-
proach for the aminomethylation of various 3-substituted oxin-
doles with the three-component Mannich reaction of 3-
substituted oxindoles, secondary amines, and formalin. This trans-
formation can furnish a variety of oxindoles bearing a quaternary
carbon center at the C3 position in good yields with 10% SDS as
additive in water. Particularly valuable features of this method in-
clude employing cheap and easily available formalin as useful ami-
nomethylation C1 unit, using water as a reaction medium.
Meanwhile, we also observed hydroxymethylation product as a
major product in some examples, while using bulky structure sec-
ondary amines or primary amines as substrates. Further studies to-
ward the development of more efficient protocol for the
preparation of structurally diverse oxindoles are ongoing in our
laboratory.

Acknowledgment

We are grateful for the financial support from the National Nat-
ural Science Foundation of China (No. 20802074).

Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.tetlet.2010.12.060.

References and notes

1. (a) Dounay, A. B.; Overman, L. E. Chem. Rev. 2003, 103, 2945–2964; (b) Lin, H.;
Danishefsky, S. J. Angew. Chem., Int. Ed. 2003, 42, 36–51; (c) Galliford, C. V.;
Scheidt, K. A. Angew. Chem., Int. Ed. 2007, 46, 8748–8758.

2. For selected examples about transition metal-catalyzed reactions, see: (a)
Hamashima, Y.; Suzuki, T.; Takano, H.; Shimura, Y.; Sodeoka, M. J. Am. Chem.
Soc. 2005, 127, 10164–10165; (b) Trost, B. M.; Brennan, M. K. Org. Lett. 2006, 8,
2027–2030; (c) Toullec, P. Y.; Jagt, R. B. C.; de Vries, J. G.; Feringa, B. L.;
Minnaard, A. J. Org. Lett. 2006, 8, 2715–2718; (d) Shintani, R.; Inoue, M.;
Hayashi, T. Angew. Chem., Int. Ed. 2006, 45, 3353–3356; (e) Ishimaru, T.;
Shibata, N.; Nagai, J.; Nakamura, S.; Toru, T.; Kanemasa, S. J. Am. Chem. Soc.
2006, 128, 16488–16489; (f) Jia, Y.-X.; Hillgren, J. M.; Watson, E. L.; Marsden, S.
P.; Kündig, E. P. Chem. Commun. 2008, 4040–4042; (g) Tomita, D.; Yamatsugu,
K.; Kanai, M.; Shibasaki, M. J. Am. Chem. Soc. 2009, 131, 6946–6948; (h) Hanhan,
N. V.; Sahin, A. H.; Chang, W.; Fettinger, J. C.; Franz, A. K. Angew. Chem., Int. Ed.
2010, 49, 744–747; (i) Trost, B. M.; Zhang, Y. J. Am. Chem. Soc. 2007, 129, 14548–
14549; (j) Trost, B. M.; Frederiksen, M. U. Angew. Chem., Int. Ed. 2005, 44, 308–
310; (k) Shen, K.; Liu, X.; Zheng, K.; Li, W.; Hu, X.; Lin, L.; Feng, X. Chem. Eur. J.
2010, 16, 3736–3742.

3. For selected examples about organocatalyzed reactions, see: (a) Hills, I. D.; Fu,
G. C. Angew. Chem., Int. Ed. 2003, 42, 3921–3924; (b) Luppi, G.; Cozzi, P. G.;
Monari, M.; Kaptein, B.; Broxterman, Q. B.; Tomasini, C. J. Org. Chem. 2005, 70,
7418–7421; (c) Bella, M.; Kobbelgaard, S.; Jørgensen, K. A. J. Am. Chem. Soc.
2005, 127, 3670–3671; (d) Shaw, S. A.; Aleman, P.; Christy, J.; Kampf, J. W.; Va,
P.; Vedejs, E. J. Am. Chem. Soc. 2006, 128, 925–934; (e) Ogawa, S.; Shibata, N.;
Inagaki, J.; Nakamura, S.; Toru, T.; Shiro, M. Angew. Chem., Int. Ed. 2007, 46,
8666–8669; (f) Nakamura, S.; Hara, N.; Nakashima, H.; Kubo, K.; Shibata, N.;
Toru, T. Chem. Eur. J. 2008, 14, 8079–8081; (g) Ishimaru, T.; Shibata, N.;
Horikawa, T.; Yasuda, N.; Nakamura, S.; Toru, T.; Shiro, M. Angew. Chem., Int. Ed.
2008, 47, 4157–4161; (h) Tian, X.; Jiang, K.; Peng, J.; Du, W.; Chen, Y.-C. Org.
Lett. 2008, 10, 3583–3586; (i) Sano, D.; Nagata, K.; Itoh, T. Org. Lett. 2008, 10,
1593–1595; (j) Duffey, T. A.; Shaw, S. A.; Vedejs, E. J. Am. Chem. Soc. 2009, 131,
14–15; (k) Jiang, K.; Peng, J.; Cui, H.-L.; Chen, Y.-C. Chem. Commun. 2009,
3955–3957; (l) Cheng, L.; Liu, L.; Jia, H.; Wang, D.; Chen, Y.-J. Org. Lett. 2009, 11,
3874–3877; (m) Qian, Z.-Q.; Zhou, F.; Du, T.-P.; Wang, B.-L.; Ding, M.; Zhao, X.-
L.; Zhou, J. Chem. Commun. 2009, 6753–6755; (n) Cheng, L.; Liu, L.; Jia, H.;
Wang, D.; Chen, Y.-J. J. Org. Chem. 2009, 74, 4650–4653; (o) Galzerano, P.;
Bencivenni, G.; Pesciaioli, F.; Mazzanti, A.; Giannichi, B.; Sambri, L.; Bartoli, G.;
Melchiorre, P. Chem. Eur. J. 2009, 15, 7846–7849; (p) He, R.; Ding, C.; Maruoka,
K. Angew. Chem., Int. Ed. 2009, 48, 4559–4561; (q) Chen, X.-H.; Wei, Q.; Luo, S.-
W.; Xiao, H.; Gong, L.-Z. J. Am. Chem. Soc. 2009, 131, 13819–13825; (r) Li, X.; Xi,
Z.-G.; Luo, S.; Cheng, J.-P. Org. Biomol. Chem. 2010, 8, 77–82; (s) Li, X.; Zhang, B.;
Xi, Z.-G.; Luo, S. Z.; Cheng, J.-P. Adv. Synth. Catal. 2010, 352, 416–424; (t) Shaw,
S. A.; Aleman, P.; Vedejs, E. J. Am. Chem. Soc. 2003, 125, 13368–13369; (u) Bui,
T.; Syed, S.; Barbas, C. F., III J. Am. Chem. Soc. 2009, 131, 8758–8759; (v)
Bui, T.; Candeias, N. R.; Barbas, C. F., III J. Am. Chem. Soc. 2010, 132, 5574–
5575.

4. Our recent research about using oxindoles as nucleophiles, (a) Liao, Y.-H.; Liu,
X.-L.; Wu, Z.-J.; Cun, L.-F.; Zhang, X.-M.; Yuan, W.-C. Org. Lett. 2010, 12, 2896–
2899; (b) Liu, X.-L.; Liao, Y.-H.; Wu, Z.-J.; Cun, L.-F.; Zhang, X.-M.; Yuan, W.-C. J.
Org. Chem. 2010, 75, 4872–4875, to our delight, this article has been selected by
the Editorial Board of SYNFACTS for its important insights, see: Synfacts 2010, 9,
1065.

5. The first stereoselective Mannich reaction of 3-substituted oxindoles with
imines was reported by Chen et al., see Ref. 3h.

6. For selected review, see Arend, M.; Westermann, B.; Risch, N. Angew. Chem., Int.
Ed. 1998, 37, 1044–1070.

7. (a) Head-Gordon, T. Chem. Rev. 2002, 102, 2651–2670; (b) Li, C.-J. Chem. Rev.
2005, 105, 3095–3166; (c)Organic Reaction in Water: Principles, Strategies and
Applications; Lindstrom, U. M., Ed.; Blackwell Publishing: Oxford, UK, 2007.

8. (a) Chen, W.-B.; Du, X.-L.; Cun, L.-F.; Zhang, X.-M.; Yuan, W.-C. Tetrahedron
2010, 66, 1441–1446; (b) Chen, W.-B.; Wu, Z.-J.; Pei, Q.-L.; Cun, L.-F.; Zhang, X.-
M.; Yuan, W.-C. Org. Lett. 2010, 12, 3132–3135; (c) Chen, W.-B.; Liao, Y.-H.; Du,
X.-L.; Zhang, X.-M.; Yuan, W.-C. Green Chem. 2009, 11, 1465–1476.

9. Formalin we used in this work, is an aqueous solution of formaldehyde and
contains 37% formaldehyde by volume.

10. The amount of formalin used in the reaction is based on the pure
formaldehyde.

11. The compound 4d was confirmed by 1H NMR spectroscopy of the crude
reaction mixture and TLC analysis.

12. The trace amount of aminomethylation products (<10% yield) were monitored
by TLC.

http://dx.doi.org/10.1016/j.tetlet.2010.12.060

	A simple and eco-friendly method for the aminomethylation of 3-substituted oxindoles via three-component Mannich reaction in aqueous media
	Acknowledgment
	Supplementary data
	References and notes


