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Non-Catalytic Synthesis of Esters under Solvent-Free Conditions and
Microwave Irradiation

Kenichi SUGIMOTO, Toshiaki SUZUKI

Abstract:

Aliphatic carboxylic anhydrides, acetic anhydride and butyric anhydride, reacted with n-octanol, benzyl alcohol, and
phenethyl alcohol without catalyst and solvent to give corresponding esters in high yields by the irradiation of microwave
for 4-10 minutes. Aromatic carboxylic anhydrides, phthalic anhydride, gave monoesters accompanied with small amount
of diesters by the reaction with alcohols under the similar conditions. The reaction of catechol or pyrogallol with butyric

anhydride to give diester or triester, respectively.
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Scheme 1. The reaction of carboxylic acid with alcohol to ester
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Scheme 2. The mechanism of the reaction of carboxylic acid with alcohol to ester
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Scheme 3. The reaction of carboxylic anhydride with alcohol to ester
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Scheme 4. The mechanism of the reaction of carboxylic anhydride with alcohol to ester
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Table 1. Non-catalytic synthesis of esters 3 under solvent-free conditions and microwave irradiation by the reaction of

carboxylic anhydrides 1a,b with alcohols 2a—c

Microwave .
RO R 500 W, 4-10 min R<_OR
T +  ROH T+ RCoH
O O no catalyst o}
no solvent
1a:R = CHj 2a: R' = CH3(CH,); 3
1b: R= CH3CH2CH2 2b R'= C6H50H2
2c:R'= CGH5CH20H2
carboxylic 1 alcohol time ducts 3 isolated yields
mmo mmo Troaucts
anhydride 1 2 (minutes) procd (%)
0]
1a 42 2a 1.8 4 (3aa) 81
)k O(CH,);CHs,
0]
1a 6.1 2b 2.7 4 )J\o/\© (3ab) 82
0]
1a 42 2¢ 2.1 4 \fg V\© (3ac) 82
(0]
1b 1.6 2a 1.6 10 )J\ (3ba) 93
CH3(CHp),~  O(CH3)7CH3
0]
1b 2.2 2b 2.1 10 CHg(CHz)z)J\O/\© (3bb) 77
CH3(CH5)» 0]
1b 34 2¢ 1.7 10 \Ig w@ (3bc) 82

a1 NMR (500 MHz, CDCls) 5, ppm. 3aa: & 4.05 (¢, 2H, J = 6.5 Hz, CH,), 2.04 (s, 3H, CH3), 1.62 (m, CHy), 1.28 (m, 10H,
CH,), 0.88 (¢, 3H, J=7.0 Hz CHs). 3ab: 5 7.34 (m, 5H, C¢Hs), 5.09 (s, 2H, CH,), 2.08 (s, 3H, CH3). 3ac: 5 7.28 (¢, 2H,
J=17.8 Hz, C¢Hs), 7.20 (m, 3H, CeHs), 4.26 (¢, 2H, J = 7.2 Hz, CH,), 2.9 (¢, 2H, J = 7.2 Hz, CH,), 2.00 (s, 3H, CH3).
3ba: § 4.06 (7, 2H, J = 7.0 Hz, CH,), 2.28 (¢, 2H, J = 7.5 Hz, CH,), 1.65 (m, 4H, CH.), 1.29 (m, 10H, CH,), 0.95 (¢ 3H,
J=7.3Hz, CHs), 0.88 (¢, 3H, J= 7.0 Hz, CHs). 3bb:  7.34 (m, 5H, CeHs), 5.11 (s, 2H, CH), 2.31 (1, 2H, J="7.5 Hz,
CHy), 1.67 (m, 2H, J= 7.3 Hz, CH,), 0.94 (¢, 3H, J = 7.5 Hz, CH3). 3be: 8 7.29 (¢, 2H, J = 7.5 Hz, CsHs), 7.22 (1, 3H, J =
7.0 Hz, CsHs), 4.28 (¢, 2H, J = 7.3 Hz, CH,), 2.93 (¢, 2H, J = 7.0 Hz, CH,), 2.26 (¢, 2H, J= 7.3 Hz, CH,), 1.62 (m,
2H, J= 7.4 Hz, CH,), 0.91 (¢, 3H, J= 7.3 Hz, CHy).
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Table 2. Non-catalytic synthesis of esters 3 under solvent-free conditions and microwave irradiation by the reaction of
phthalic anhadides 1¢ and alcohols 2a,¢

o 0] O
Microwave R R
o + ROH 500W, 10 min (0) + (0]
no catalyst OH O.
no solvent R
0 o} o
1c 2a: R = CH3(CH>); 3ca: R = CH3(CH,)7 3ca": R = CH;3(CH,);
2c:R = CGH50H2CH2 3cc:R= CGH5CH2CH2 3cc R= CGH5CH20H2
phthalic anhydride 1¢ alcohol ) time products (isolated yields, %)
mmol 2 (minites) monoesters diesters
1.4 2a 32 10 3ca (80) 3ca’ (8.8)
1.4 2¢ 3.0 10 3ce (68) 3cc’ (4.5)

Table 3. 'H NMR data for esters 3ca, 3ca’, 3cc, and 3cc’?

@icoz(CHz)ﬁHs @icoz(CHz)ﬁHs @icoz(CHﬁzCGHs @icoz(CHz)zcsHs
CO5H CO,(CH5)7CH3

CO-.H CO5(CH5),CgH5
3ca 3ca’ 3cc 3cc’
0791 (dd, 1H, C¢Hy) 8 7.72 (dd, 2H, C¢Ha) 6 7.88 (dd, 1H, CsHa) 0 7.64 (m, 2H, C¢Hy)
7.70 (dd, 1H, CsHa) 7.53 (dt, 2H, C¢Hy) 7.61 (dd, 1H, CsHa) 7.50 (m, 2H, C¢Ha)
7.61 (td, 1H, CcHa) 4.29 (t,4H, CH) 7.56 (m, 2H, C¢Ha) 7.30 (¢t, 4H, CcHy)
7.56 (td, 1H, C¢Ha) 1.73 (quint, 4H, CHa) 7.24 (m, 5H, C¢Ha) 7.24 (d, 6H, C¢Ha)
4.33 (t,2H, CHy) 1.33 (m, 20H, CH,) 4.52 (t,2H, CH>) 4.44 (t,4H, CH,)
1.74 (quin, 2H, CH>) 0.88 (¢, 6H, CH3) 3.04 (t,2H, CHy) 3.01 (¢, 4H, CHy)

1.30 (m, 10H, CHy)
0.85 (¢, 3H, CHy)

¢ NMR (500 MHz, CD;0D) &, ppm

o 1st step 0] 2nd step O
Microwave _R Microwave _R
ROH _ (@) ROH
0 > + Hzo
no catalyst OH no catalyst R
o) no solvent no solvent
0] 0]
1c 3ca: R = CH3(CH2)7 3cal: R = CH3(CH2)7
3cc:R= C6H5CH20H2 3cc R = C6H5CH20H2

Scheme 5. Non-catalytic synthesis of esters 3 under solvent-free conditions and microwave irradiation by the reaction of

phthalic anhydride 1¢ and alcohols 2a,c
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(4) HKESEEE 2721337 = / —/LORISG
butyric anhydride (1b) 1.5 mmol & catechol (1,2-dihydroxybenzene, 2d) 0.95 mmol DIRAH) % FREH 1
VU AIL, 177 500W T 10 G & E7m & 2 A, Y= AT L 1,2-phenylene dibutyrate (3bd) % 30%
Y= <&/ T A7 )L 2-hydroxyphenyl butyrate (3bd’) % 43%UE CTHLEES S Z LN T& 7= (Scheme6), =
A OREEIX, THNMR Z3HTI2 LV RS L 72 (Table 4),

CH3;CH,CH, O CH,CH,CH; HQ OH
T +
(0] O
1b (1.5 mmol) 2d (0.95 mmol)
Microwave Q Y Y

500 W, 10 min >_0 OJ( HQ OJ{

no catalyst CH3CH,CH; CH,CH,CH3  * CH,CH,CH,
no solvent

3bd (30%) 3bd' (43%)

Scheme 6. Non-catalytic synthesis of diester 3bd under solvent-free conditions and microwave irradiation by the
reaction of butyric anhydride 1b and catechol 2d

butyric anhydride (1b) 2.1 mmol & pyrogallol (1,2,3-trihydroxybenzene, 2¢) 0.80 mmol DiEE) % FEE
T LU PSR, 177 500W T 10 73R SH 72 & 2 A, R U =27 )L benzene-1,2,3-triyl tributyrate (1be)
23 30%IN R TH H 72 (Scheme7), < Dt JE%&@EEE%M&M TELEN, B/ AT)VT2HE, V=
2T 2 FORERMERDNET D720, HEEOCREOMERIZITE SR o 7o, HEEL 7AW 'H
NMR 734712 & 0 A& % 7@ L 7= (Table 4),

YEATIL3bd R0 b U AT )L 3be & LV EICETHE AT 0OIIE, ST = ) — VSRS S BEKESTE
DEIGZIELTNEDN D D,

OH
CH5;CH,CH, (@) CH,CH,CH; HO OH
T +
(0] o
1b (2.1 mmol) 2e (0.80 mmol)
O
Microwave )J\
500 W, 10 min CHZCHZCH3 . th
no catalyst CHscHchz CH2CHZCHs (no? isglr:ted)
no solvent \ﬂ/

3be (30%)

Scheme 7. Non-catalytic synthesis of triester 3be under solvent-free conditions and microwave irradiation by the

reaction of butyric anhydride 1b and pyrogallol 2e
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Table 4. "H NMR data for esters 3bd, 3bd’, and 3be®

I}
O_C_CH20H20H3
)

0
I O
O_C_CH2CH20H3 11
O-C~CH,CH,CH I
@ (I 20H2UHs O-C~CH,CH,CH,

O-C-CH,CH,CH;

5 OH O-C—-CH,CH,CHs
3bd’ o
3bd
3be
87.22 (m, 2H, CsHa) 87.12 (1d, 1H, CeHy) 87.33 (1, 1H, CeHs)
7.17 (m, 2H, CeHa) 7.08 (dd, TH, C¢Ha) 7.16 (d, 2H, CoHy)
2.51 (1, 4H, CHy) 7.01 (d, 1H, CHy) 2.57 (1, 4H, CH,)
1.76 (m, 8H, CHy) 6.92 (id, 1H, CHy) 2.56 (1, 2H, CH,)
1.03 (1, 6H, CH;) 2.61 (1, 2H, CHy) 1.76 (m, 6H, CH,)
1.81 (m, 2H, CH,) 1.07 (4, 3H, CH;)
1.06 (¢, 3H, CH;) 1.06 (¢, 6H, CH;)

a1H NMR (500 MHz, CD:OD) &, ppm

(5) MKE&IEL v Fo XU LVNOFEREEL HO7 = /) — /L O
b RPN OBEREROFE L5728, vanillin (4-hydroxy-3-methoxybenzaldehyde) (2f ) % F
Wem AT ABIZOW TR L 7=, butyric anhydride (1b, 2.4 mmol) & vanillin (2f, 1.3 mmol) DIRA¥ %
FREE T L > VI AN, 7] 500W T 10 S S ¥ L 24, = AT /L 4-formyl-2-methoxyphenyl
butyrate (3bf) 7% 73%R CHiEES 5 = L 23 T& 7= (Scheme8), HR/VI VNG LTV | SOGMTHER 2
ERIFLIEDTHZ L30T,

OCHj5
CH3CH,CH,_O. _CH,CH,CHj OH
O -
O O
o)
1b (2.4 mmol) 2f (1.3 mmol)
Vi OCHj,
wicrowave
500 W, 10 min O\[(CHZCHZCH?’
no catalyst " H 0]
no solvent
o)
3bf (73%)

Scheme 8. Non-catalytic synthesis of ester 3bf under solvent-free conditions and microwave irradiation by the reaction
of butyric anhydride 1b and vanillin 2f
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R._..OH . R._..OR'
Icl; + R'OH Microwave . 9 + H0
o) no catalyst o)
no solvent

Scheme 9. Quantitative synthesis of ester by the reaction of carboxylic acid with alcohol
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