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Abstract: Al,O3/MeSOsH (AMA) was found to be an
extremely efficient reagent for the conversion of aromatic
aldehydes and diols to glycol monoesters. The remarkable
selectivity achieved with this reagent is an attractive feature
of the present method.

Over the last 30 years, a number of methods for the
conversion of aldehydes to esters have appeared in the
literature.! The oxidation of aldehydes to carboxylic acids
or esters is one of the most frequently encountered
reactions in organic chemistry. Such a process has been
accomplished in a variety of ways. Two-step methods
include the oxidation of cyanohydrins,? hemiacetals,?
acetals,*® and the like. The one-pot, one-step, conven-
tional methods reported require the use of heavy-metal
oxidants such as KMnO,,® CrOs3,” or the highly expensive
silver,® ruthenium,? or rhodium'® catalysts. Oxidation
using alkaline iodine!! and peroxides with chlorites!? are
the most commonly used. NIS-mediated!® electrochemi-
cal® as well as very recently using HyO,!® mediated
oxidation of aldehydes to esters also have been reported.

Most of the reported methods were useful for oxidation
of aldehydes into the corresponding esters. To our
knowledge, no report has already been made on the
conversion of aldehydes into glycol monoesters in the
presence of diols. The synthesis of glycol monoesters of
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diols has received considerable interest in view of wide-
spread applications as intermediates for sex pheromones
of lepidoptera’®!” and cross-linking agents for polyesters
or fungicides.!® The major drawbacks in the preparation
of these compounds from diols include concurrent forma-
tion of diesters, necessitating a tedious separation pro-
cedure of monoesters from diprotected and unprotected
diols.®

We have considered the usefulness of developing a
convenient, efficient, and selective synthesis of glycol
monoesters from the corresponding aldehydes and diols.
We now report that the 1:5 molar mixture of Al,O3 and
MeSOsH (AMA), which we have shown earlier to be an
effective reagent for Fries rearrangement?® as well as
Beckmann rearrangement,?!?? is also a superior reagent
for the direct conversion of aromatic aldehydes to the
corresponding glycol monoesters.

Interestingly, the experimental procedure for mono-
esterification of aromatic aldehydes is remarkably simple
and does not require the use of any solvent or inert
atmosphere. Aromatic aldehydes were added to a stirred
mixture of Al;O3 and MeSOsH (AMA), and to this was
added the required diol, and the mixture was stirred at
80 °C in an oil bath (eq 1).

0
Ar)]\o/e R‘)n\OH (6))

(5-15)

' AMA
R
ArCHO+ HO + \)n\OH
(1a-j) 80 °C

(2,3) R=CH,,n=23
(4) R'=CH,CH,0,n=l

To establish the generality and applicability of this
method, various aromatic aldehydes were subjected to
the same reaction conditions to furnish the corresponding
monoesters in good yields. A notable point of this method
is that high yields of glycol monoesters are obtained
independent of the nature of the substrate. Thus, aro-
matic aldehydes with electron-donating as well as electron-
withdrawing substituents are both smoothly and effi-
ciently converted to the corresponding glycol monoesters
(Table 1). According to Table 1, aldehyde le, which
contains two hydroxy groups, underwent selective mono-
benzoylation of ethylene glycol to give the hydroxy
monoester 9 (85%) (entry 5). In addition, 2-pyridinecar-
boxaldehyde (1h) and 1-naphthaldehyde (1i) were con-
verted to the corresponding monoesters in good yields
(entries 8 and 9). However, the reaction with mesityl-
aldehyde (1j) did not afforded the corresponding glycol
monoester (entry 10).

Our method is applicable to other diols such as 1,3-
propanediol (3) and diethylene glycol (4). For example,
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TABLE 1. Conversion of Aldehydes into Glycol Monoesters Using AMA

Entry Aldehydes (1a-j)  Time/h. Diols (2-6) Products (5-18) Yields® %
CHO
1 ©/ { 4 HONOH o~~~ OH 30
a 2 b
5
CHO
2 Me/©/ 3 2 O/\/OH 85
1b Me 6b
CHO
3 Q 2 2 o™ OH 70
Me e Ve ;
CHO
4 o /©/ 4 2 o~ M 80
1d Cl sb
CHO
5 J@( 2.5 2 o™~ 85
HO OH |,
HO OH 9
CHO
6 <I on 3 2 o~ OH 84
1f oH 1
CHO
7 Meo/©/ 5.5 2 o OH 76
lg MeO 11
~ 7z OH
8 \Nl CHO 1 3 2 ‘N’ o 82
° 12
CHO O o~ OH
9 “ 5.5 2 76
SO, 1)
13
Me
10 /@(CHO 10 —
M M No reaction
e € .
1j
CHO
11 ©/ 1a 4.5 HOZ"OH 0™~ on 74
3 14°
CHO
12 ©/ 1a 6 HOY O~ on 00 ~~0n 76
4 15
CHO e
13 S 1a 4.5 HON™ om @io o @io/ﬁ/o’"’ 95 (1:1)°
Me ’ Me
5 16° 17°
CHO 0
14 ©/ Ia 45 HO\/\NHZ 0~ NH, 81
6 18

@ Isolated yields. ® These compounds are known, and only 'H NMR and/or IR spectra data are presented here. ¢ The ratio of the products
were estimated by!H NMR integration.

J. Org. Chem, Vol. 68, No. 10, 2003 4097



JOCNote

1,3-propanediol (3) was also monobenzoylated with a
high selectivity, but the yield was less than those
involving ethylene glycol (entries 1 and 11). Benzalde-
hyde can also be converted to the corresponding glycol
monoester 15 when treated with diethylene glycol (4).
This reaction constitutes the first satisfactory method for
the direct synthesis of diethylene glycol monobenzoate
15 (entry 12). Glycol monoesters such as those of ethylene
glycol have been used as cross-linking agents for poly-
esters or as fungicides. The present method indirectly
provides a useful means for the selective monoprotection
of some diols. We believe that this constitutes the first
satisfactory method for the direct conversion of aldehydes
to the corresponding glycol monoesters. Exhaustive CAS
searches have led us to this conclusion.

This method is useful for the selective monoprotection
of unsymmetrical glycols when in fact a mixture of
presumably difficulty separable products is obtained
(entry 13). Finally, it is interesting to note that the amino
alcohols such as 2-amino-1-ethanol (6) selectively gave
the corresponding amino ester (18) (81%) (entry 14).

No attempt has been made to probe the mechanism of
the reaction. Mechanistically, it seems plausible that the
Bayer—Villiger oxidation reaction occurs first and the
esterification step follows next. However, the reaction
failed in the absence of oxygen attempted under nitrogen
atmosphere. Thus, the aldehyde is oxidized by air in the
presence of AMA to the corresponding carboxylic acid,
which is then esterified selectively with diol. The selec-
tivity behavior of this reaction has become not clear to
us yet, and no evidence is merging for a convincing
explanation. In fact, the reaction dose not occur without
alumina and/or sulfonic acid.

In conclusion, the presented method constitutes the
first satisfactory method for the direct conversion of
aldehydes to glycol monoesters. Solvent-free conditions,
high yields, use of commercially available reagents,
simple workup, and high selectivity can make this
procedure a useful and attractive method for the syn-
thesis of glycol monoesters.

Experimental Section

General Procedure. To a mixture of MeSOsH 98% (1 mL,
15 mmol) and AlyO3 (acidic type 540 C, 0.27 g, 3 mmol) were
added the appropriate aldehyde (1 mmol) and then diol (1 mmol).
The mixture was stirred and heated in an oil bath at 80 °C for
2—10 h (see Table 1). The mixture was then poured into water
and extracted two times with ethyl acetate (20 mL). The organic
layer was washed with a saturated solution of sodium bicarbon-
ate (30 mL). The organic layer was dried (CaClg) and evaporated
in vacuo to give a residue that was almost a pure glycol
monoester product. Further purification of the products was
carried out by silica gel short column chromatography.

2-Hydroxyethyl benzoate (5):22 'TH NMR (CDCls, 250 MHz)
0 3.96 (t, 2H), 4.45 (t, 2H), 7.49—7.58 (m, 3H), 8.1 (d, 2H); IR
(neat) 1718 cm™1.

2-Hydroxyethyl 4-methylbenzoate (6):22 'TH NMR (CDCls,
250 MHz) 6 2.39 (s, 3H), 3.88 (t, 2H), 4.41 (t, 2H), 7.2—7.31 (m,
2H), 7.91 (m, 2H); IR (neat) 1720 cm™1.

2-Hydroxyethyl 4-chlorobenzoate (8):22 TH NMR (CDCls,
250 MHz) 6 3.98 (t, 2H), 4.45 (t, 2H), 7.43 (d, 2H), 7.14 (d, 2H);
IR (neat) 1712 cm™ L.

2-Hydroxypropyl benzoate (14):22 'H NMR (CDCls, 250
MHz) 6 1.99 (m, 2H), 3.78 (t, 2H), 4.45 (t, 2H), 7.41—7.58 (m,
3H), 8.05 (d, 2H); IR (neat) 1718 cm 1.
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2-Hydroxy-1-methylethyl benzoate (16):22 "H NMR (CDCls,
250 MHz) 6 1.27 (m, 3H), 3.76 (d, 2H), 5.21 (m, 1H), 7.42—7.56
(m, 3H), 8.04 (d, 2H); IR (neat) 1722 cm™1.

2-Hydroxy-2-methylethyl benzoate (17):22 'H NMR (CDCls,
250 MHz) 6 1.35 (m, 3H), 4.16—4.31 (t, 3H), 7.42—7.56 (m, 3H),
8.04 (d, 2H); IR (neat) 1722 cm™1.

2-Hydroxyethyl 3-methylbenzoate (7): 'H NMR (CDCls,
250 MHz) 6 2.37 (s, 3H), 3.94 (t, 2H), 4.43 (t, 2H), 7.19-7.37
(m, 2H), 7.83—8.18 (m, 2H); 13C NMR (CDCls, 62.9 MHz) 6 21.49,
61.16, 67.79, 127.14, 128.59, 130.16, 130.49, 134.20, 138.46,
167.46; IR (neat) 3440, 1715, 1610, 1580, 1450, 1370, 1280, 1200,
1115, 1080, 925, 740, 680 cm~1; MS (m/e) 180 (3.5, M*), 163
(51.6), 119 (base peak), 91 (31.7). Anal. Calcd for C10H1203: C,
66.65; H, 6.71. Found: C, 66.52; H, 6.50.

2-Hydroxyethyl 2,4-dihydroxybenzoate (9): 'H NMR
(DMSO dg, 250 MHz) 6 3.7 (t, 2H), 4.28 (t, 2H), 6.3 (s, 1H), 6.38
(d, 1H) 7.72 (d, 1H); 3C NMR (DMSO-dg, 62.9 MHz) 6 59.28,
66.79, 102.75, 104.37, 108.59, 132.18, 163.10, 164.56, 169.62; IR
(neat) 3312, 1700, 1625, 1515, 1425, 1390, 1315, 1266, 1210,
1150, 1100, 1066, 999, 900, 834 cm~1; MS (m/e) 198 (28.6, M),
180 (32.9), 137 (74), 136 (base peak), 108 (43.9). Anal. Calcd for
CyH;00s5: C, 54.55; H, 5.09. Found: C, 54.31; H, 4.97.

2-Hydroxyethyl 2-hydroxybenzoate (10): 'H NMR (DMSO-
ds, 250 MHz) 0 3.94 (t, 2H), 4.45 (t, 2H), 6.86 (m, 1H), 6.96 (m,
2H), 7.46 (m, 1H) 7.86 (m,1H); 13C NMR (DMSO-ds, 62.9 MHz)
0 61.37, 63.92, 118.04, 119.68, 130.35, 136.21, 162.09, 170.22;
IR (neat) 3340, 1720, 1625, 1517, 1430, 1390, 1324, 1268, 1206,
1153, 1100, 1066, 997, 897, 834 cm™1; MS (m/e) 182 (20, M),
160 (35), 121 (65), 120 (base peak), 93 (41). Anal. Caled for
CoH1004: C, 59.34; H, 5.53. Found: C, 59.23; H, 5.26.

2-Hydroxyethyl 4-methoxybenzoate (11): 'H NMR (CDCls,
250 MHz) ¢ 3.82 (s, 3H), 3.88 (t, 2H), 4.20 (t, 2H), 6.99 (d, 2H),
7.92 (d, 2H); 13C NMR (CDCls, 62.9 MHz) ¢ 55.25, 61.71, 65.90,
113.3, 120.82, 131.50, 162.48, 165.66; IR (neat) 3440, 1720, 1600,
1590, 1455, 1430, 1280, 1230, 1180, 1110, 1080, 1045, 755, 665
em~1; MS (m/e) 196 (34, M), 151 (62), 135 (43.2), 107 (base peak).
Anal. Caled for C1oH1204: C, 61.22; H, 6.16. Found: C, 61.07;
H, 5.98.

2-Hydroxyethyl nicotinate (12): 'H NMR (CCl,, TMS, 250
MHz) 6 3.95 (t, 2H), 4.47 (t, 2H), 7.46 (m, 1H), 7.82 (m, 1H),
8.11 (m, 1H), 8.69 (m, 1H); 13C NMR (CCl, TMS, 62.9 MHz) 6
61.69, 66.32, 122.61, 128.10, 136.01, 147.3, 147.6, 165.01; IR
(neat) 3400, 1725, 1590, 1495, 1452, 1310, 1293, 1250, 1124,
1075, 800, 750, 701, 665 cm™1; MS (m/e) 167 (19.9, M*), 150
(12.4), 124 (13.5), 106 (40.7), 78 (base peak), 51 (65.6). Anal.
Caled for CsHgNOs: C, 57.48; H, 5.43. Found: C, 57.11; H, 5.24.

2-Hydroxyethyl 1-naphthoate (13): 'H NMR (CDCl;, 250
MHz) 6 3.81 (t, 2H), 4.35 (t, 2H), 7.28—7.48 (m, 3H), 7.7 (d, 1H),
7.82 (d, 1H), 8.04 (d, 1H), 8.75(d, 1H); 13C NMR (CDCls, 62.9
MHz) 6 61.40, 66.86, 124.87—134.18, 168.08; IR (neat) 3500,
1715, 1600, 1520, 1360, 1285, 1250, 1205, 1180, 1140, 1050, 960,
790 cm~1; MS (m/e) 216 (25.1, M™), 199 (18.2), 172 (30.2), 155
(base peak), 127 (48.9). Anal. Caled for C13H1203 : C, 72.21; H,
5.59. Found: C, 71.98; H, 5.31.

Diethylene glycol monobenzoate (15): 'H NMR (CDCls,
250 MHz) ¢ 3.72 (m, 4H), 3.85 (t, 2H), 4.50 (t, 2H), 7.41-7.59
(m, 3H), 8.06 (d, 2H); 13C NMR (CDC]l;) 6 63.20, 64.91, 66.18,
68.65, 130.53, 131.82, 132.07, 135.29, 169.14; IR (neat) 3416,
2916, 1717, 1600, 1449, 1320, 1274, 1200, 1165, 1130, 1066,
1033, 890 cm™1; MS (m/e) 210 (1.1, M*), 149 (19.7), 105 (100),
77 (31.6), 45 (32.5). Anal. Caled for C11HO4: C, 62.85; H, 6.71.
Found: C, 62.69; H, 6.58.

2-Aminoethyl Benzoate (18). To a mixture of MeSO3sH 98%
(1 mL, 15 mmol) and Al2O3 (acidic type 540 C, 0.27 g, 3 mmol)
were added benzaldehyde (1 mmol) and then 2-amino-1-ethanol
(1 mmol). The mixture was stirred and heated in an oil bath at
80 °C for 4.5 h (Table 1, entry 14). The mixture was poured into
a saturated solution of sodium bicarbonate and extracted two
times with ethyl acetate (20 mL). Then organic layer was dried
(CaCly) and evaporated in vacuo to give 2-aminoethyl benzoate
(18) (81%): 'H NMR (CDCls, 250 MHz) 6 3.53 (t, 2H), 3.73 (t,
2H), 4.67 (s, 2H), 7.31 (m, 3H), 7.74 (d, 2H); 3C NMR (CDCls,
62.9 MHz) 6 43.19, 61.98, 127.44, 128.87, 130.09, 133.69, 169.19;
IR (neat) 3357, 3074, 2948, 1724, 1652, 1556, 1519, 1388, 1313,



1974, 806, 717 cm™1; MS (m/e) 165 (10.3, M™), 149 (48.9), 105
(100), 77 (31.6). Anal. Caled for CoH;31NOs: C, 65.44; H, 6.71.
Found: C, 65.27; H, 6.52.
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