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Various carboxylic esters including functionalized ones are prepared in good yields from equimolar amounts
of free carboxylic acids and alcohols under mild conditions by the use of 2-chloro- or 2-bromopyridinium salt, a

new and efficient coupling reagent.

The ester formation is one of the most fundamental
reactions in organic synthesis and a number of methods
have been presented. However, relatively little work
has been reported on the successful preparation of car-
boxylic esters by the equimolar reaction of free carboxylic
acids and alcohols except when p-toluenesulfonyl chlo-
ride,? trifluoroacetic anhydride,® polyphosphate ester,
dicyclohexylcarbodiimide,® and graphite hydrogensul-
fate®) were employed as coupling reagents.

This prompted us to develop a new and efficient
coupling reagent, and 2-chloro- and 2-bromopyridi-
nium salts were found to be efficient for the prepara-
tion of carboxylic esters from equimolar amounts of
free carboxylic acids and alcohols as briefly reported in
the previous communications.”

The work was undertaken based on the following
considerations; 2-acyloxy-1-methylpyridinium iodide
(2), an active acylating intermediate, would be produced
easily and rapidly by a nucleophilic attack of the car-
boxylate ion on 2-chloro- or 2-bromo-1-methylpyridi-
nium iodide (1) since the halogen atom at 2-position
of 1 is facile to be displaced by the attack of nucleophiles.
The intermediate, 2, is in turn converted into stable
molecules, i.¢., carboxylic esters (3), 1-methyl-2-pyridone
(4) and ammonium salt (5) by the nucleophilic attack
of alcohol to carbonyl carbon of 2 in the presence of
tertiary amine, a hydrogen iodide captor.

o
R1CO:H | + _
|+ — G + | + R,NH-CI
XN/ RsN RY NONN/
| |
CH, I- CH, I-
1 2
(0}
b L)
R20H R]/S‘\O I:I
2 —— 0 |
R;N Rz/ \H I~ CH,
O
I N\ .
RIC-OR? + {1 + R,NH.I-
\N/
|
CH,
3 4 5

In the first place, the effective hydrogen halide cap-
tors in the ester forming reaction were examined using

equimolar amounts of phenylacetic acid and benzyl
alcohol. Several runs were carried out in the presence
of 2.4 molar amounts of tertiary amines, such as tri-
ethylamine, tributylamine, 2,6-lutidine, a-picoline, pyri-
dine, and N,N-diethylaniline, by the use of 2-chloro-
l-methylpyridinium iodide. Of the amines employed,
triethylamine, tributylamine, and 2,6-lutidine gave good
results (see Table 1). These results indicate that the
basicity of tertiary amine influences on the yield of
benzyl phenylacetate, namely, the yield decreases with
lowering basicity of the amine.

Next, the effect of the solvent on the reaction of phen-
ylacetic acid and benzyl alcohol was examined using
2-chloro-1-methylpyridinium iodide in the presence of
tributylamine. As listed in Table 1, no remarkable
solvent effect was observed, that is, benzyl phenylacetate
was obtained in almost quantitative yield in all of the
solvents used.

Based on these results, several equimolar reactions
of free carboxylic acids and alcohols were carried out
in dichloromethane by the use of 2-chloro-1-methyl-

EFFECTS OF TERTIARY AMINE AND SOLVENT

C.H,CH,CO,H 4+ C,H,CH,OH + [, |
\N/A\Cl

TaBLE 1.

CH, I-
tertiary amine

- CH,CH,CO,CH,C H;

refl. 3h
N\ '
I + ammonium salt
ANAO
I
CH,
Tertiary amine Solvent Temp (°C) Yield (%)
Triethylamine CH,Cl, refl. 98
Tributylamine CH,Cl, refl. 99
2,6-Lutidine CH,Cl, refl. 97
o-Picoline CH,CI, refl. 77
Pyridine CH,ClI, refl. 62
N, N-Diethylaniline  CH,CI, refl. 43
Tributylamine (C,H;), O refl. 97
CH,Cl, refl. 99
THF» 45—50 97
CH,CN 45—50 98
DME® 45—50 98
C;H;N 45—50 98
CH;-CgH;  45—50 99

a) Tetrahydrofuran. b) 1,2-Dimethoxyethane,
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TABLE 2. ESTERIFICATION USING 2-CHLORO- OR
2-BROMO-1-METHYLPYRIDINIUM IODIDE AS A
COUPLING REAGENT

RI!CO,H + HOR? + u/\

K. Sarco, M. Usur, K. Kikucni, E. SumMapa, and T. Mukarvama
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TABLE 4. ESTERIFIICATION EMPLOYING 2-BROMO-1-
ETHYLPYRIDINIUM TETRAFLUOROBORATE

\NAX
bn, T
BusN N\
—— RICO,R2 + | |
CH,Cl, \NAO
refl. 3h |
CH,
X R! R? Yield (%)
Br CH, C,H,CH, 80
C,H,CH, CH,CH, 92
C,H,CH, C,H,CH, 97
C,H,CH, (CH,),C 70 (82)
CH, C,H,CH, 80
. CH, C,H,CH-CHCH, 80
al C,H,CH, C,H, 90
C,H,CH, CH,CH,CH, 93
C,H,CH, (CH,),C 81 (84)
C,H,CH, CH,(CH,)CH 85 (88)
CH, CH,CH,CH, 74
(CH,),C C,H,CH, 31 (62)

Values in parentheses indicate the yields when the

No. 7

esterification was carried out in toluene under refluxing
for 3h.

TABLE 3. EXAMINATION OF PYRIDINIUM SALTS

N\
C H,CH,CH,CO,H + C,H,CH,OH + [ , |
\N

N\X
|
R Y-
BugN /\
— 5 C,H,CH,CH,CO,CH,C,H; + | |
CH,CI, NNANO
refl. 1h I
R
R X Y Yield (%)
CH, cl I 69
CH, Br I 61
C,H; Cl BF, 73
C,H, Br BF, 82

pyridinium iodide and tributylamine, and good results
were obtained. 2-Bromo-l-methylpyridinium iodide
was also found to be as effective as 2-chloro-1-methyl-
pyridinium iodide in the esterification. An improve-
ment in the yields was rarely recognized except for the
case of the condensation of pivalic acid, a bulky car-
boxylic acid, with benzyl alcohol when the esterifica-
tions were carried out at an elevated temperature, that
is, in refluxing toluene (see Table 2).

The consideration that both the counter ion and
halogen atom attached to 2-position of the pyridinium
salt would influence on the yield of carboxylic esters
urged us to look for more effective pyridinium salt.
The equimolar reaction of 3-phenylpropionic acid with
benzyl alcohol was undertaken by the use of 2-halo-

N\ BusN
RI1CO,H 4+ HOR? + || 4 | _
) \N7\Br CH,Cl,
I
C,H; BF,~
RICO,R2 + | |
N\NNO
|
CoH;
Conditions
T
R! R2 r.t.
refl. 3h overnight
Yield (%)
C.H;CH,CH, C,H; 73 (59)
CH,CH,CH, C.H; 57 61
CH,CH, C¢H;CH, 62 (39) 71
CH,CH, C,H,CH,CH, 60 (48)
CH,CH-CH C.H;CH, 71 (62)
CH;CH-CH C,H; 43 (27) 78
(CH,),C (CH;),C 212 542)
C.H,CH, (CHj)C 78
CcL,C C,H,CH, 40 62
CICH, C.H;CH, 88
CICH, C,H;CH,CH, 80
I CeH;CH, 97
NON
. CeH;C=C-~ CH;CH, 85
C.H;COCH, CH;CH, 87
CH,COCH,CH, C¢H,CH, 45
‘>— C,H,CH, 62
CH,CH-CH- C¢H,CH, 59¢)
CH-CH

Values in parentheses indicate the yields when the
reactions were carried out in dichloromethane under
refluxing for 3h using 2-chloro-1-methylpyridinium
iodide as a coupling reagent.

a) Yields determined by GLC. b) As a by-product,
4-benzyloxy-4-methyl-4-butanolide was obtained in 139,
yield. c¢) Sorbic anhydride was obtained in 219, yield.

pyridinium iodide or tetrafluoroborate to determine the
influence on the yield. As shown in Table 3, 2-bromo-
l-ethylpyridinium tetrafluoroborate gave the best result.

Based on the above results, the reaction of several
free carboxylic acids, including functionalized ones, with
equimolar amounts of alcohols was carried out employ-
ing 2-bromo-1-ethylpyridinium tetrafluoroborate as the
coupling reagent, and favorable results were obtained
especially when the esterification was undertaken at
room temperature (see Table 4).

In conclusion, it is noted that various carboxylic
esters are conveniently prepared in good yields from
equimolar amounts of free carboxylic acids and alcohols
under mild conditions by the use of 2-chloro- or 2-
bromo-1-methylpyridinium iodide or 2-bromo-1-ethyl-
pyridinium tetrafluoroborate, as a coupling reagent, in
the presence of tributylamine. The present method is
also successfully applied to the carboxylic ester synthesis
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TABLE 5. PHYSICAL DATA OF PRODUCTS
IR NMR Elemental analysis
Compound voeo (cm1) ©) (%)
CH;CH,COC,H; 1740 1.15(t, 3H), 3.45(s, 2H), _
L 4.05(q, 2H), 7.20(s, 5H)
C¢H;CH,COCH,C H; 1740 3.50(s, 2H), 5.00(s, 2H), .
2 7.15(s, 10H)
CH;CH,COC(CH,;), 1735 1.35(s, 9H), 3.40(s, 2H), Caled for C,H;O,:
'O' 7.15(s, 5H) C, 74.97; H, 8.39.
Found: C, 74.77; H, 8.57.
C¢H;CH,COCH(CH,)C¢H; 1740 1.40(d, 3H), 3.50(s, 2H), Caled for C,H,;(0,:
I 5.85(q, 1H), 7.25(s, 10H) G, 79.97; H, 6.71.
' Found: C, 79.85; H, 6.65.
C H;CH,COC:H; 1740 3.45(s, 2H), 7.20(s, 5H), .
(“) 7.25(s, 5H)
C¢H;CH,COCH,CH,CH; 1740 2.75(t, 2H), 3.40(s, 2H),
(5 4.15(t, 2H), 7.05(s, 5H), —
7.15(s, 5H)
CH,COCH,CH; 1745 1.95(s, 3H), 5.00(s, 2H), .
(“) 7.25(s, 5H)
CH,COCH,CH-CHC,H, 1745 2.00(s, 3H), 4.65(d, 2H),
! 6.15(d-t, 1H), 6.60(d, 1H), —
7.25(s, 5H)
CH,;COCH,CH,C H; 1720 1.90(s, 3H), 2.85(t, 2H), .
I 4.20(t, 2H), 7.20(s, 5H)
C¢H;CH,CH,COC,H, 1735 1.10(t, 3H), 2.4—3.4(m, 4H), .
CI) 4.05(q, 2H), 7.10(s, 5H)
C¢H;CH,CH,COC;Hj, 1740 2.6—3.1(m, 4H), _
6 6.8—7.4(m, 10H)
CH,CH,COCH,CH,C,H, 1740 1.05(t, 3H), 2.20(q, 2H),
1 2.90(t, 2H), 4.25(t, 2H), —
7.10(s, 5SH)
CH,CH,COCH,CH; 1735 1.10(t, 3H), 2.25(q, 2H), _
" 5.00(s, 2H), 7.20(s, 5H)
(CH);CCOCH,C¢Hj, 1735 1.20(s, 9H), 5.05(s, 2H), Calcd for C,,H;(O,:
! 7.25(s, 5H) G, 74.97; H, 8.39.
Found: G, 75.02; H, 8.53.
(CH,),CCOC(CH,), 1710 — Calced for GyH, 3O,
6 C, 68.31; H, 11.47.
) Found: C, 68.45; H, 11.51.
C;H;COCH,CH; 1730 5.30(s, 2H), 7.1—7.5(m, 8H) -
] , 8.0—8.3 (m, 2H)
CH;CH-CHCOC,H;, 1720 1.30(t, 3H), 4.20(q, 2H), Caled for CyH,30,:
! 6.40(d, 1H), 7.40(s, 5H), C, 74.97; H, 6.86.
7.65(d, 1H), Found: C, 75.12; H, 7.08.
CH;CH-CHCOCH,CH; 1720 5.15(s, 2H), 6.40(d, 1H), .
! 7.25(s, 10H), 7.65(d, 1H)
Cl;CCOCH,CH; 1760 5.30(s, 2H), 7.35(s, 5H) Caled for CgH,0,Cl,:
! C, 42.64; H, 2.79; Cl, 41.95.
Found:
C, 42.67; H, 2.72; Cl, 41.88.
CICH,COCH,CzH, 1730 3.55(s, 2H), 5.20(s, 2H) _
It
CICH,COCH,CH,C.H; 1730 2.50(t, 2H), 3.50(s, 2H) .
6 3.90(t, 2H), 6.85(s, 5H)
CH,CH-CH-CH-CHCOCH,CH; 1705 1.80(d, 3H), 5.10(s, 2H), Calcd for C;H,,0,:
(5 5.75(d, 1H), 6.05(m, 2H), G, 77.20; H, 6.98.
7.25(d-d, 1H), 7.25(s, 5H) Found: C, 77.00; H, 7.06.
CeH;C=CCOCH,C,H, 1700 5.15(s, 2H), 7.1—7.5(m, 10H) Calcd for C,H,,0,:
1 2200 G, 81.34; H, 5.12.

(0]

(C=C)

Found: C, 81.50; H, 5.41.




1866 K. Saico, M. Usur, K. KikuvcHi, E. Summapa, and T. Mukarvama [Vol. 50, No. 7
TasLe 5. (Countinued)
C d IR NMR Element analysis
ompoun Yoo (Cm—l) ((S) (%)
C,H,CCH,COCH,C,H, 1760 3.85(s, 4/3H), 5.05(s, 4/3H),  Calcd for CyoH,;,Oy:
o 1680 5.15(s, 2/3H), 5.65(s, 2/3H), C, 75.57; H, 5.55.
7.1—7.9 (m, 10H) Found: C, 75.70; H, 5.41.
CH,CCH,CH,COCH,C H, 1700 2.00(s, 3H), 2.50(qusi s, 4H),  Calcd for Cp,H,;,0;:
& ] 5.00(s, 2H), 7.25(s, 5H) C, 69.88; H, 6.84.
o Found: C, 69.62; H, 6.87.
1780 0.8—1.1 (m, 4H), Caled for CpH,,0,:
’ ~COCH,G,H, 1.3—1.7(m, 1H), 5.00(s, 2H), G, 74.97; H, 6.86.
7.25(s, 5H) Found: C, 74.67; H, 6.88.
T 1700 5.20(s, 2H), 6.30(21-d, }g{) Ca(l}t:d7iior2 5‘%‘“’?‘59
7.05(d, 1H), 7.25(s, 5 , 71.28; .99.
~ONCOCH,CH; 7.45(d, 1H) ’ Found: C, 71.12; H, 4.90.

starting from free carboxylic acids or alcohols having
bulky alkyl group or having functional group sensitive
toward acid or base.

~ Experimental
Spectra. Proton NMR were obtained on Hitachi R-24
spectrometer. Chemical shifts are reported on the § scale

relative to tetramethylsilane as an internal standard. In-
frared spectra were taken using Hitachi EPI-G2 spectro-
photometer. Products were identified by NMR and IR
spectra and elemental analyses.

Materials. All solvents used here were distilled ac-
cording to the general methods and were stored over molecular
sieves or sodium metal as a drying agent. Carboxylic acids
and alcohols were recrystallized or distilled before use.

2-Chloro-7-methylpyridinium Iodide. To a solution of 2-
chloropyridine (10.0 g, 88 mmol) in acetone (3 ml) was added
methyl iodide (15.0 g, 106 mmol) at 0 °C and the mixture
was stirred for 3 days at room temperature. Precipitate
appeared was filtered and washed with dry ether (50 ml).
After drying under reduced pressure, 2-chloro-1-methylpyridi-
nium iodide (18.0 g, 809%) was obtained and used for the
esterification without recrystallization.

2-Bromo-T1-ethylpyridinium Tetrafluoroborate. A solution of
2-bromopyridine (2.88 g, 18 mmol) was added to triethyl-
oxonium tetrafluoroborate (4.00 g, 21 mmol) at room tem-
perature under an argon atmosphere. The solution became
clear in a few minutes and white precipitate appeared gradual-
ly. After the suspension was warmed at 50—60 °C for 1 h,
the mixture was cooled with ice-water bath. The precipitate
was filtered and washed with dry ether (15 ml). Drying
under reduced pressure at room temperature gave 2-bromo-
1-ethylpyridinium tetrafluoroborate (4.07 g, 83%,) which was
employed for condensation without recrystallization.

General Procedure for Carboxylic Ester Synthesis by the Use of
2-Chloro- or 2-Bromo-1-methylpyridinium Iodide. To a suspen-
sion of 2-chloro-l-methylpyridinium iodide (612 mg, 2.4
mmol) or 2-bromo-I-methylpyridinium iodide (720 mg, 2.4

mmol) in dichloromethane or toluene (2 ml) was added a
solution of free carboxylic acid (2.0 mmol), alcohol (2.0 mmol),
and tributylamine (888 mg, 4.8 mmol), in the solvent (2 ml)
under an argon atmosphere and the mixture was stirred for
3 h under refluxing. The solution became clear in accord-
ance to progress of the reaction. After evaporation of the
solvent, the residue was separated by silica gel column chro-
matography to give carboxylic ester.

General Procedure Utilizing 2-Bromo-1-ethylpyridinium Tetra-
Sluoroborate. To a solution of 2-bromo-l-ethylpyridi-
nium tetrafluoroborate (329 mg, 1.2 mmol) in dichloro-
methane (2 ml) was added a mixture of free carboxylic acid
(1.0 mmol), alcohol (1.0 mmol), and tributylamine (444 mg,
2.4 mmol) at room temperature under an argon atmosphere.
After stirring overnight at room temperature, the solvent was
evaporated and the residue was chromatographed on silica
gel to give carboxylic ester. The NMR and IR spectra and
elemental analysis data of products were listed in Table 5.
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