Tetrahedron Letters 52 (2011) 4262-4265

journal homepage: www.elsevier.com/locate/tetlet

Contents lists available at ScienceDirect

Tetrahedron Letters

One-pot esterification and Ritter reaction: chemo- and regioselectivity

from tert-butyl methyl ether

Pankaj Dawar?, M. Bhagavan Raju® Ramesha A. Ramakrishna **

2R L Fine Chem. No. 15, KHB Industrial Area, Yelahanka Newtown, 560106 Bangalore, India

>CM College of Pharmacy, Maisammaguda, Dhullapally (post Via), Hakeempet, Rangareddy, Secunderabad 500 014, India

ARTICLE INFO ABSTRACT

Article history:

Received 12 February 2011
Revised 25 April 2011
Accepted 26 April 2011
Available online 1 May 2011

Keywords:
Esterification
Ritter reaction
TBME
Regioselective
Chemoselective

tert-Butyl methyl ether (TBME) has been effectively used as a reagent for esterification of carboxylic
acids. By varying amounts of sulfuric acid, a remarkable regioselectivity in esterification has been dem-
onstrated. Additionally, under the present reaction conditions, one-pot esterification and Ritter reaction
are achieved in almost quantitative yield.

© 2011 Elsevier Ltd. All rights reserved.

Esterification of carboxylic acid is an important transformation
in organic synthesis, which has been well reviewed.' Esters are key
intermediates in the synthesis of polymers, perfumes, and pharma-
ceutical intermediates or final products.? Acid-catalyzed esterifica-
tions> at reflux condition is most common procedure adopted for
esterification. This is a reversible reaction, which is equilibrium-
controlled therefore, does not always furnish quantitative yield.*
Therefore there are number of attempts to achieve quantitative
conversion by using a variety of conditions such as alkaline, neutral
and acidic conditions.’

The classic reagents for esterification under alkaline conditions
are strong electrophiles such as alkyl iodides® or the corresponding
mesylates or tosylates.”~'® Haworth methylation, which employs
DMS and LiOH in THF!! proceeds well to furnish almost quantita-
tive yield of the product without any side reactions. It is important
to note that these classic hard electrophiles such as methyl iodide
and alkyl sulfonates are carcinogens and genotoxic, and dimethyl
sulfate is extremely hazardous.!>~'* Besides these reagents, several
reagents such as diazomethane,'® trimethylsilyl diazomethane,!®
and methyl triazien,!” and dialkyl formamide dimethyl acetal'®
are known to convert carboxylic acids to esters under neutral con-
ditions. Cyclic imides such as O-methyl caprolactam,'® isourea
ethers ,2° modified thiazynes and S-propargyl xanthates?! are few
more reagents that are used successfully for the esterification.
The Mitsunobu reaction,?>%* triethyl or trimethyl orthoformates
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have also been used as esterification reagents under neutral condi-
tions.2* Lewis acid-catalyzed esterification with Mg(Cl0,4),%> has
been reported. Further, asymmetric acyl transfer reactions medi-
ated by organo catalysts2® and enzymes for the formation of opti-
cally active esters have been documented in the literature.?’
Interestingly, there are no attempts to use ether as a reagent for
esterification except one report, which uses THF and acid chlo-
ride.?® In this paper, we are disclosing a regioselective synthesis
of methyl or tert-butyl ester of carboxylic acid by using TBME,
which is achieved by varying the reaction conditions.

TBME is a common organic solvent which is a safe alternative to
tetrahydrofuran in the Grignard reaction.?® Apart from this, TBME
has been reported as a butylating agent for active aromatic sys-
tems,3® There is a report on the use of TBME as a tert-butyl esteri-
fication agent under microwave conditions.?! Other than these
reports, to the best our knowledge, there are no reports on the util-
ity of TBME in organic synthesis. Therefore, we thought that it is
reasonable to exploit this unsymmetrical molecule in organic syn-
thesis and decided to investigate the esterification of carboxylic
acids.

Initial experiments of benzoic acid 1a with TBME and two
equivalent of H,SO,4 under reflux condition furnished exclusively
methyl benzoate 1b in good yield (73%, entry 1, Table 1). On the
other hand, the reaction of 1a at 0-5 °C furnished the correspond-
ing t-butyl ester 1c as a major product along with the correspond-
ing methyl ester 1b in minor amount (entry 2, Table 1). However,
increasing the amount of acid to 4 or 5 equiv and performing the
reaction at reflux condition has resulted in formation of mixture
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Table 1
Optimization of esterification of benzoic acid with TBME and H,S04*

co,H  TBME CO,CH5 CO2C(CHz)3

+HyS0, @
[: ) [: ) +
1b 1c

1a
Entry H,S0,4 (mmol) Reaction condition 1a:1c® Yield® (%)

1 180 Reflux 100:0 73
2 480 0-5°C 20:80 87
3 900 Reflux 72:28 85
4 360 rt 70:30 87
5 900 10-15°C 75:25 83
6 18 Reflux 100:0 90
7 9 Reflux 100:0 40

2 Benzoic acid (80 mmol), TNBE (50 ml) are used for the experiments.
b Ratio based on 'H NMR integration of CH; and (CHs); protons.

¢ Isolated yield, all reactions were carried out for 16 h.

Table 2
Esterification of with TBME and H,SO,4 under reflux conditions
Entry Substrates Product Yield (%)?
CO,H CO,CH3
1 ©/ 1a ©/ 15 95
/@)%OH /©>§(OCH3
2 93
Br 2a o Br O2b
()7 COH (7 COCHs  3b
3 97
3a
CO,H CO,CH3
4 ©/\ 4a ©/\ 4b 1
xCOH XxCO,CH3
5a 5b
N (L9
CO,H CO,CH3
6 6a 6b 90
/©/C02H /©/COZCH3
7 83
O,N 7a O,N 7b
(0] (6]
8 N—, N— 8b 93
CO,H CO,CHjy
O 8a o
CO,H CO,CH3
9 d 9a d b 73
CO,H CO,CH3
CO,H CO,CH
10 2 10 R g
10a
[CozH [COZCH3
11 11a 96
CO,H CO,CH, 1P
HO R i
H3CO_ X
12 .5 OH 3 NOCH3 96
12a O 12p

@ All the reaction were carried in 10 g scale and yield refers to isolated yield.

of methyl ester 1b and tert-butyl ester 1c (72:28 ratio, 85%, entry 3
and 4, Table 1). Nevertheless, decreasing the amount of acid to 18%
and performing the reaction at reflux temperature has produced
the ester 1b exclusively in 90% (entry 6, Table 1). In the optimized

conditions, the carboxylic acids were heated at reflux with about
18% sulfuric acid (0.1 equiv w/v), to furnish the corresponding
methyl esters (Table 2, entries 1-12).33 Interestingly, when the
reaction of carboxylic acid with TBME was carried out at colder
temperature (0-5 °C), t-butyl esters are formed as the major prod-
uct (Scheme 1).

This reaction is generalized and the results are tabulated in Ta-
ble 3. As seen in Table 3, benzoic acid and substituted benzoic acids
furnished the corresponding t-butyl ester as the major product (Ta-
ble 3, entries 13-16). Based on the above observation, it is evident
that the regio- and chemoselectivity is temperature and quantity
of sulfuric acid dependent. However, we were not able to obtain
tert-butyl ester exclusively under these reaction conditions.

Further to take advantage of the present observation, we con-
tinued our investigation to accomplish Ritter reaction and esterifi-
cation in one-pot using TBME as the reagent. Esterification and the
Ritter reaction®? are two complementary reactions. In esterifica-
tion, water is formed as a by product while in the Ritter reaction
water is one of the reactants. Therefore, we decided to examine
whether it is possible to accomplish both esterification and the Rit-
ter reaction in one-pot. If this is successful, it would also drive the
esterification to completion. Thus, when cyano acetic acid was re-
acted with TBME under similar conditions, it was completely con-
verted to tert-amido methyl ester in almost quantitative yield

TBME,

10% H,S0, refux  Q
o R™ "OCH; >g85%
R OH
o)
Hoce Maj
R= Alkyl,aryl ~ TBME, R (CHz); Major
100% H,SO,
~0-5°C

Scheme 1. Esterification with TBME.

Table 3
Esterification of with TBME at 0-5 °C
Entry Substrates Products Yield (%)?
CO,H COOR
13 1a 1b:1c 12:49
1b: R= CHj3
1c: R= tert-butyl
CO,H COOR
©/CI ©/CI
14 14a 14b:14¢ 10:51
14b: R= CHj3
14c: R= tert-butyl
CeHs CeHs
CO,H COOR
15 15a 15b:15¢ 5:75
15b: R= CHj
15c: R= tert-butyl
CO,H COOR
16 16a 16b:16¢ 7:34
16b: R= CHj3

16c¢: R= tert-butyl

3 All reaction were carried at 80 mmol scale and yield. Ratio by 'H NMR by
integrating methyl signal and tert-butyl signal.
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Table 4
Esterification and Ritter reaction with TBME
Entry Substrate® Products Yield*(%)
NC™>CO,H (H5C)3CHN
17b
o H,C),CHN
18 NC™"COCHs  (HsC)CHNy™co,CHy 98
18a (e} 17b
CO,C,Hs  HsCO,C
19 CN @NHC(CHQs o8
19a 0 19b
©/\(CN (6]
20 CO,H WNHC(CH3)3 94
20a CO,CHz
20b
CN CONHC(CHy); *+1b
21 + 1a 21b 98P
21a
22 CH3CN+22a CH3CONHC(CH3)s+1b 80°
(0] (0]
0 OCH3  23p
0O 23a o
(0] (0]
e} OCHs
24 q 24a ¢OCH3 11b 93
o o)
(0] O
0 OC(CHj3)3 c
25 Cqé 25a @iocm 25b 64
0 0
0] (0]
| © OCHz g
26 i: 26a |__OCH, 95
o o)

2 All the reaction were carried out at 10 g batches and yield refers to isolated
yield.

" Yield of esters.

€ 70% perchloric acid (1:1, W/V) was used.

(Scheme 2). This reaction is indeed a general one and a variety of
nitriles reacted well to furnish the corresponding tert-amido
methyl ester in almost quantitative yields (entries 17-22, Table
4). It is interesting to note that cyano acids produces the corre-
sponding tert-amido methyl ester (entry 17, Table 4), whereas
ethyl ester of cyano acetic acid underwent a trans esterification
to produce the corresponding tert-amido methyl esters in almost
quantitative yield (entries 18 and 19, Table 4).The concomitant
esterification and Ritter reaction is highly chemoselective, where,
complete addition of TBME and water from the esterification oc-
curs to the substrates. Methyl ester and tert-amides were formed
exclusively. This facile reaction also works well for intermolecular
Ritter reactions. As seen in entries 21 and 22 of Table 4, benzyl cya-
nide (21a) or CHsCN reacted well with benzoic acid (1a) under
similar condition to furnish ester and amides in quantitative
yields..>?

Further, we observed that TBME can also be used for esterifica-
tion of anhydrides. Phthalic anhydride, and maleic and succinic
anhydride reacted smoothly with TBME to furnish the correspond-
ing esters in good yield (Table 4, entries 23-26).33 Using perchloric
acid as a catalyst, phthalic anhydride was converted almost exclu-
sively to tert-butyl methyl diester (Table 4 , entry 25) in average
yield.

o TBME,
H,S04, ~10 °C to RT 0 0o
NC_H )(HMOCHS
R=H, Alkyl > 9%

Scheme 2. Esterification and Ritter reaction with TBME.

Product TBME
y H,SO4 \&
HN
o I+ chsoHH,sO0,
CO,CH3
o )
\_{ R COzH
> CO,CH3 R=CN, H, Ar

JJ\"' H,O

Scheme 3. Tentative mechanism.

+ H0

Tentatively, we propose the following reaction mechanism
(scheme 3) for the esterification and Ritter reaction based on water
liberation in esterification and water consumption in Ritter reac-
tion. The mechanism also explains higher yield of cyano acids in
the reaction.

To sum up, we have developed a new reaction condition for
esterification and esterification- Ritter reactions using TBME as sol-
vent and reagent. These reactions are regioselective and chemose-
lective for both substrates.
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Experimental procedures: Procedure for methyl ester (Table 2): To a well-stirred
mixture of acid (80 mmol) in TBME (50 mL) was added sulfuric acid (1.8 g,
1 mL) at room temperature and refluxed for 16-18 h. The reaction mixture was
cooled and added to 20% sodium carbonate solution (100 mL). The reaction
mass was extracted in TBME/CH,Cl, (50 mL x 2). The combined organic layer
was washed with water (100 mL), dried over sodium sulfate, and concentrated
under reduced pressure to obtain methyl ester (73-97%) as the only product.
Most examples gave NMR pure product. Where minor impurities are formed,
the product was purified over silica gel using ethyl acetate: petroleum ether
(1:9). General procedure for tert-butyl ester (Table 3). To a well-stirred mixture
of acid (80 mmol) in TBME (50 mL) at 0-5 °C, was added sulfuric acid (10 g,
5.5 mL) at the same temperature and maintained for 4-5 h then was allowed to
warm to room temperature and was stirred for 8-10 h. The reaction mixture
was added to 20% sodium carbonate solution (100 mL). The reaction mass was
extracted in TBME or dichloromethane (50 mL x 2). The combined organic
layer was washed with water (100 mL), dried over sodium sulfate, and
concentrated under reduced pressure to obtain tert-butyl ester (34-75%) as the
major product. The percentage ratio of product is calculated by 'H NMR
integration of methyl proton and tert-butyl methyl protons. General procedure
for cyano acids (Table 4). To a well-stirred mixture of cyano acid (80 mmol, or
anhydride) in TBME (50 mL) at about 10 °C was added sulfuric acid (18 g,
10 mL), the mixture was then stirred at room temperature for 10-12 h. The
reaction mixture was added to 20% sodium carbonate solution (100 mL). The
reaction mass was extracted in TBME or dichloromethane (50 mL x 2). The
combined organic layer was washed with water (100 mL), dried over sodium
sulfate and concentrated under reduced pressure to obtain the product (94-
98%). Most examples gave NMR pure products. Where minor impurities were
formed, the product was purified over silica gel using ethyl acetate: petroleum
ether (1:9).



	One-pot esterification and Ritter reaction: chemo- and regioselectivity from tert-butyl methyl ether
	Acknowledgements
	Supplementary data
	References and notes


