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We have developed an efficient organocatalyzed, multicomponent synthesis of diarylmethane derivatives
from tertiary aromatic amines, formaldehyde and 2-naphthols via Mannich type Friedel-Crafts reaction.
Several organocatalysts such as (—)-chinchonidine, 1-proline, L-thiaproline, and r-pipecolonic acid have
been screened for the reaction but the best results were obtained with r-proline. In this Mannich type

Friedel-Crafts alkylation, tertiary aromatic amines react with formaldehyde-proline adduct to generate
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1-(4-(dimethylamino)benzyl)pyrrolidinium-2-carboxylate intermediate, which undergoes nucleophilic
addition to give substituted diarylmethanes in excellent yields.

© 2009 Elsevier Ltd. All rights reserved.

Multicomponent reactions (MCRs) are involved in some of the
most interesting and challenging transformation in organic synthe-
sis. MCRs have been receiving much attention' because of their
efficiency and diversity of products, which is now considered as
important tools in the modern drug discovery process.” Besides,
these MCRs have been effectively used in the total synthesis of
complex natural products.> Many studies for the improvement
and application of already known classical MCRs, such as the Man-
nich reaction,*Ugi reaction,” and Biginelli reaction® have been re-
ported. However, the development of new MCRs is still an
important issue in the field of medicinal and organic chemistry.

Organocatalysts have exhibited immense promise in the syn-
thesis of multicomponent reactions.” The catalytic property of
small organic molecules like cinchona alkaloids and amino acids
are well known.® However much attention has been focused on
L-proline, an inexpensive, and efficient catalyst. L-Proline has been
found to be very effective in enamine-based direct catalytic asym-
metric aldol,® Mannich,'® Diels-Alder,'" and Knoevenagel type of
reactions.'?

Friedel-Crafts alkylation is one of the most powerful C-C bond
forming reaction in organic synthesis.!® Friedel-Crafts reactions
are especially given by electron-rich arenes. Naphthols have been
shown to be good donors in Friedel-Crafts alkylation and the nucleus
has interesting biological activity as well as catalytic properties.'*!>
Micheal-type Friedel-Crafts reaction of 2-naphthols with activated
species such as iminium ions,'® o,p-unsaturated olefins,'>® and
aza-dicarboxylate'*® are well known. In continuation of our efforts
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toward the development of organocatalyzed multicomponent reac-
tions,!” we wish to report here a new organocatalyzed Mannich type
three-component Friedel-Crafts reaction of tertiary aromatic amine,
formaldehyde, and 2-naphthol. In this Mannich type Friedel-Crafts
alkylation, tertiary aromatic amines react with formaldehyde-pro-
line adduct to generate 1-(4-(dimethylamino)benzyl)pyrrolidini-
um-2-carboxylate intermediate, which undergoes nucleophilic
addition reaction with 2-naphthol to afford substituted diaryl meth-
ane derivatives 4a in high yields (Scheme 1).

Diaryl and triaryl methane derivatives are important constitu-
ents of dyes and have shown a wide range of biological activities.'®

Katritzky et al. reported the synthesis of diaryl methane deriva-
tives from benzotrizole analogues of N,N-dialkylanilines and naph-
thol in moderate yields. The procedure involves multi-step
synthesis and drastic conditions such as the use of hydrochloric
acid.!® Recently, Rong et al. reported a homocoupling of p-xylene
to afford biarylmethane as major product using Pd(OAc),/CF;COOH
(TFA)/K,S,0s catalytic system along with biaryls as minor product.?°

We have developed an organocatalyzed three-component syn-
thesis of diarylmethane derivatives from tertiary aromatic amines,
formaldehyde, and 2-naphthols in high yields.

Initial efforts were focused on the search of an efficient catalyst
for the three-component coupling of 2-naphthol, formaldehyde,
and N,N-dimethylaniline. It was observed that when the acid cata-
lysts such as acetic acid, p-toluene sulfonic acid (PTSA), or boric
acid were used, it led to the formation of 5 as major products
and 4a (diarylmethane derivatives) as a minor product in a low
yield (Table 1).

We then screened a number of organocatalysts such as (—)-
chinchonidine, L-proline, L-thiaproline, and L-pipecolonic acid for
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Scheme 1. Synthesis of diarylmethane derivatives via Mannich type Friedel-Crafts reaction.

Table 1
Screening of catalysts for coupling of 2-naphthol, formaldehyde, and N,N-
dimethylaniline?

Entry Catalyst Catalyst (mol %) Yields 4a® (%) Yields 5" (%)
1 Acetic acid 20 Trace 90

2 PTSA 20 Trace 88

3 Boric acid 20 Trace 85

4 (-)- 20 40 25

Chinchonidine

5 L-Pipecolonic acid 20 65 10

6 L-Thiaproline 20 65 15

7 L-Proline 20 85 Trace

8 L-Proline 10 55 <5

9 L-proline 30 85 Trace

2 Reaction conditions:  N,N-dimethylaniline (1.0 mmol), formaldehyde

(1.0 mmol), 2-naphthol (1.0 mmol), EtOH, rt, 12 h stirr.
b Isolated yield.

the efficient synthesis of 4a. All these organocatalysts showed bet-
ter selectivity for 4a in comparison to 5. L-Proline was found to be
the best catalyst for the synthesis of diarylmethane derivatives
(4a). In the presence of acid catalysts bis compound 5 was obtained
as a major product, which probably formed by the reaction of aza
quinone methide intermediate with N,N-dimethylaniline and 2-
naphthol was unable to compete with dialkylaniline. Whereas in
the case of organocatalyst (proline) reacts with formaldehyde to
form an adduct, which reacts with dialkylaniline to generate an
intermediate 1-(4-(dimethylamino)benzyl) pyrrolidinium-2-car-

Acid catalysed Mechanism

—_—

CHLO (Aza quinone methide)

Organocatalysed mechanism

H,C=0 +Hl\|>j QH

boxylate, which on reaction with 2-naphthol gives diarylmethanes
4a as a major product and small amounts of 5 (Fig. 1).

Decreasing the amount of L-proline (10 mol %) resulted in a de-
crease in the yield of 4a, and 5 were formed in reasonable amounts.
Increasing the amount of i-proline (30 mol %), no significant in-
crease in the yield of 4a was observed.

Thus, 20 mol % of L-proline was found to be the optimum for
efficient synthesis of 4a. The optimization data is summarized in
Table 1.

We further studied the effect of solvent on L-proline-catalyzed
coupling reaction of 2-naphthol, formaldehyde, and N,N-dimethyl-
aniline (Table 2). In aprotic solvents such as dichloromethane and

Table 2
Solvent effect on L-proline catalyzed the three-component reaction of N,N-dimeth-
ylaniline, formaldehyde, and 2-naphthol®

Entry Solvents Time (h) Yield of 4a® (%)
1 Dichloromethane 12 35
2 Tetrahydrofuran 12 28
3 Acetonitrile 12 72
4 Methanol 12 84
5 Ethanol 12 85
6° Ethanol 5 45

2 Reaction conditions: N,N-dimethylaniline (1 mmol), formaldehyde (1 mmol), 2-
naphthol (1 mmol), L-proline (20 mol %), rt, stirr.

b Isolated yield.
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Figure 1. Possible mechanism of reaction.
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Table 3

Proline catalyzed three-component Mannich type Friedel-Crafts coupling of tertiary
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aromatic amines, formaldehyde, and 2-naphthol®

S.No. Ri/R Rs Product Yield® (%)
/
s
1 CH3 H 80
Cco e
N
2 C,Hs H O 78
OH
0 N
\
7
3 CHs m-CHs 81
OH
O .
\
98
4 CHs 0-CH; 80
OH
CC ad
\
X0
5 CH; H 76
OH
o ‘o
\
98
6 CHs H 80
HO OH
O .
N~
7 C,Hs H O 80
HO OH
Ly
\
90
8 CHs m-CHs 82
HO OO OH ah
\
S
9 CHs 0-CH; 80
HO OH .
OO
10 CHs H 74

Table 3 (continued)

S.No. Ry/R; Rs Product Yield® (%)
\
98
11 CH; H 80
OH
SO
HO
S
12 CyHs H 80

HO

13 CH, m-CHs 82

HO

14 CH3 0-CH3 81

HO

@ Reaction conditions: N,N-dialkylaniline (1.0 mmol), formaldehyde (1.0 mmol),
2-naphthol (1.0 mmol), EtOH, rt, 12 h stirr.
b Isolated yields.

tetrahydrofuran, poor yield of 4a was obtained with significant for-
mation of 5. However, acetonitrile gave moderate yield of 4a.
Whereas in protic solvents such as methanol and ethanol, 4a was
obtained in higher yields. Stirring the reaction mixture in ethanol
for 12 h was found to be the optimal condition. Upon heating,
the reaction mixture gave a complex mixture and 4a was obtained
in 45% yield.

In order to generalize the reaction we carried out the organocat-
alyzed three-component reaction of substituted tertiary aromatic
amines, 2-naphthols, and formaldehyde?! (Table 3).

In conclusion, we have developed an efficient organocatalyzed
multicomponent Mannich type Friedel-Crafts reaction of tertiary
aromatic amines, formaldehyde, and 2-naphthol for the synthesis
of diarylmethane derivatives. Further development of this Mannich
type Friedel-Crafts reaction and its application to the synthesis of
bioactive compounds are in progress.
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