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The diacetals of 2,2-bis(hydroxymethyl)-1,3-propanediol
(pentaerythritol) as potential protecting groups for aldehydes
and ketones as well as important derivatives of carbonyl com-
pounds are practically very useful.1 They are applied as
defoamers for detergent solutions containing anionic surfac-
tants,2 as plasticisers and vulcanisers of various polymeric
materials, as raw materials for the production of valuable
resins and lacquers, as physiologically active substances3 and
as insecticides.4 Many methods for the synthesis of diacetals
have been described in the literature. Strong protonic acids
such as sulfuric acid,2,5,6 hydrochloric acid7 and p-toluenesul-
fonic acid7-9 and Lewis acids such as zinc chloride,10 copper
sulfate11 and anhydrous ferrous sulfate12 have been employed
as catalysts. Owing to their drawbacks, such as rather drastic
reaction conditions, tedious work up procedures, use of corro-
sives, effluent pollution or sensitivity to water etc., some of
these methods are not entirely satisfactory. There is, therefore,
a need to develop alternative methods for the synthesis of
diacetals from 2,2-bis (hydroxymethyl)-1,3-propanediol
under mild and environmentally friendly conditions. For this
purpose, montmorillonite clays1, cation exchanger KU-23, 12-
tungstophosphoric acid13 and expansive graphite14 have been
employed as catalysts to obtain improved results.

Recently, indium trichloride has been used in organic syn-
thesis.15-18 Because of its good characteristics as a catalyst,
such as the operational simplicity, usually milder reaction con-
ditions, good yields, high selectivity and inertness to water,
InCl3 has aroused interest. Previously we have reported InCl3-
catalysed aldol condensation reactions.18 Herein we report an
efficient procedure for the preparation of diacetals from 2,2-
bis(hydroxymethyl)-1,3-propanediol with aldehydes and
ketones catalysed by InCl3⋅4H2O under solvent free condi-
tions in sealed tubes at 120°C (Scheme 1). As shown in Table
1 (entry 3a–3k), several aldehydes or ketones in the presence
of InCl3⋅4H2O were heated with 2,2-bis(hydroxymethyl)-1,3-
propanediol in sealed tubes at 120°C, resulting in the corre-
sponding diacetals in good to excellent yields except for
benzophenone (entry 3k: no reaction). It is pointed out that the
procedures were safe because the reactions were carried out
under solvent free conditions.

From Table 1 we found that ketones showed less reactivity
than aldehydes for this reaction. For example, the diacetal
from 2,2-bis(hydroxymethyl)-1,3-propanediol with cyclo-
hexanone was obtained by heating at 120oC for 10h in 80%

yield, however, benzophenone failed to give the correspond-
ing diacetal under the same condition, whereas diacetals were
obtained in above 80% yields for less than 8h when using
aldehydes as substrates. Lower yields and more side-reactions
were found when the reaction was carried out in an unsealed
tube.

As shown in Table 1 (entry 4a–4c), analogous results were
obtained when carbonyl compounds in the presence of
InCl3⋅4H2O were heated with propane-1,3-diol at reflux in
benzene. In this case, the reaction was carried out in an unseal-
able reaction vessel very successfully.

Scheme 1

Experimental

Melting points are uncorrected. 1H NMR spectra were recorded on
Varian Mercury 200 spectrometer, using CDCl3 as solvent and tetram-
ethylsilane (TMS) as internal reference. IR spectra were recorded on
a Nicolet Instrument Corporation’s IR-510P spectrometer.
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Table 1 Synthesis of diacetals from 2,2-bis(hydroxymethyl)-
1,3-propanediol (entries 3a-3k) and 1, 3 propanediol (entries
4a-4c) with aldehydes and ketones catalysed by InCl3⋅4H2O

Entrya Carbonyl Time/h Yieldb /% M.p./°C or B.p./°C/torr

compound 1 Found Reported

3a PhCHO 5 83 155–156 155–15614

3b 3-O2NC6H4CHO 4 85 184–185 1855

3c 3-ClC6H4CHO 5 87 120–122 121–1221

3d 4- ClC6H4CHO 5 82 196–197 197–19814

3e 2- O2NC6H4CHO 4 88 163–164 163–16414

3f 4- O2NC6H4CHO 4 86 232–234 2348

3g 2,4- Cl2C6H3CHO 7 83 178–180 178–18014

3h 4-CH3C6H4CHO 10 80 211–212 211–21212

3i (CH3)2CHCHO 3 89 82–83 82–82.513

3j Cyclohexanone 7 84 112–113 112–1135

3k Ph2CO 10 0
4ac PhCHO 2 84 48–49 47–4919

4bc CH3CH2CH2CHO 1 87 149–151/728 150–151/72220

4cc CH3CH2COCH3 1.5 77 147–149/728 148/72920

aAll compounds were confirmed by 1H NMR and IR. bIsolated
yield. cThe condensation reaction of propane-1,3-diol and 
carbonyl compounds catalysed by InCl3⋅4H2O at reflux in 
benzene.



Typical procedure for the synthesis of compound 3a: A mixture of
benzaldehyde 1a (1.061 g, 10 mmol), 2,2-bis (hydroxymethyl)-1,3-
propanediol 2 (0.68 g, 5 mmol) and InCl3⋅4H2O (0.147 g, 0.5 mmol,
5% mol ratio) was placed in a glass tube and sealed. Then the sealed
tube was placed in an oil bath and heated at 120˚C for 5 h. The sealed
tube was opened after cooling to room temperature. The reaction mix-
ture was added to water (20 ml) and the mixture was heated to
90–100°C. The solution was cooled to 0°C and the resultant precipi-
tate was filtered off. The crude product was washed with water and
purified by recrystallisation in ethanol to give the title compound 3a
(1.3 g) in 83% yield. m.p.155–156°C (lit14. 155–156 °C).

Compound 3a: IR (KBr) 3034(m), 2959(m), 2857(s), 1720(m),
1603(w), 1497(m), 1387(s), 1204(s), 1163(s), 1076(s), 1022(s),
748(s), 717(m), 698(s) cm-1; 1H NMR (200MHz, CDCl3, TMS) δ
7.35–7.52 (10H, m, Ar-H), 5.46 (2H, s, C-H), 4.85 (2H, d, J = 11.6
Hz, He), 3.62–3.88 (6H, m, 2xHe and 4xHa).

Compound 3b: IR (KBr) 3082(m), 2984(w), 2905(w), 1618(w),
1533(s), 1471(m), 1354(s), 1201(s), 1078(s,) 1005(s), 711(s), 677(s)
cm-1; 1H NMR (200MHz, CDCl3, TMS) δ 7.52–8.37 (8H, m, Ar-H),
5.55 (2H, s, C-H), 4.84 (2H, d, J = 11.6 Hz, He), 3.68–3.92 (6 H, m,
2xHe and 4xHa).

Compound 3c: IR (KBr) 2986(w), 2856(m), 1601(w), 1578(m),
1479(w), 1381(s), 1335(m), 1249(w), 1204(s), 1159(s), 1074(s),
1036(m), 952(m), 898(m), 877(m), 798(s), 750(s), 704(s) cm-1; 1H
NMR (200MHz, CDCl3, TMS) δ 7.50 (2H, s, Ar-H), 7.26–7.36 (6H,
m, Ar-H), 5.426 (2H, s, CH), 4.82 (2H, d, J = 11.6 Hz), 3.83 (4H, d,
J = 12.2 Hz), 3.64 (2H, d, J =11.6 Hz).

Compound 3d: IR (KBr) 2980(w), 2864(w), 1601(w), 1578(w),
1493(s), 1383(s), 1335(m), 1249(w), 1204(m), 1163(s), 1076(s),
820(s), 682(m) cm-1; 1H NMR (200MHz, CDCl3, TMS) δ 7.25–7.45
(8H, m, Ar-H), 5.42 (2H, s, C-H), 4.81 (2H, d, J = 11.6 Hz),
3.78–3.85 (4H, m), 3.64 (2H, d, J = 11.6 Hz).

Compound 3e: IR (KBr) 3083(w), 2984(w), 2907(w), 1618(w),
1532(s), 1471(w), 1352(s), 1202(m), 1078(s), 1022(m), 714(m),
679(m) cm-1; 1H NMR (200MHz, CDCl3, TMS) δ 7.52–8.38 (8H, m,
Ar-H), 5.54 (s, 2H, C-H), 4.83 (2H, d, J = 11.6 Hz), 3.86–3.93 (4H,
m), 3.71 (2H, d, J = 11.6 Hz).

Compound 3f: IR (KBr) 2986(w), 2942(w), 1615(m), 1532(s),
1348(s), 1202(m), 1071(s), 1013(s), 750(m), 698(m) cm-1; 1H NMR
(200MHz, CDCl3, TMS) δ 8.06–8.43 (8H, m, Ar-H), 5.54 (2H, s, C-
H), 4.82 (2H, d, J = 11.6 Hz), 3.85–3.93 (4H, m), 3.71 (2H, d, J =
11.6 Hz).

Compound 3g: IR (KBr) 3076(w), 2945(m), 1593(s), 1568(m),
1460(m), 1381(s), 1204(s), 1163(m), 1074(s), 868(s), 758(m) cm-1;
1H NMR (200MHz, CDCl3, TMS) δ 7.63 (2H, d, J = 8.2 Hz, Ar-H),
7.25–7.39 (4H, m, Ar-H), 5.72 (2H, s, C-H), 4.85 (2H, d, J = 11.6
Hz), 3.79–3.91 (4H, m), 3.68 (2H, d, J = 11.6 Hz).

Compound 3h: IR (KBr) 2917(w), 2862(m), 1618(w), 1454(m),
1383(s), 1117(m), 1078(s), 808(s) cm-1; 1H NMR (200MHz, CDCl3,
TMS) δ 7.37 (4H, d, J = 8.0 Hz, Ar-H), 7.18 (4H, d, J = 8.0 Hz, Ar-
H), 5.42 (2H, s, C-H), 4.85 (2H, d, J = 11.6 Hz, He), 3.77–3.85 (4H,
m, Ha), 3.62 (2H, d, J = 11.6 Hz, He), 2.34 (6H, s, CH3).

Compound 3i: IR (KBr) 2986(s), 2876(m), 1473(s), 1387(m),
161(s), 1086(s), 1038(m), 941(m), 720(m) cm-1; 1H NMR (200MHz,
CDCl3, TMS) δ 4.55 (2H, d, J = 10.2 Hz, He), 4.20 (2H, d, J = 4.4
Hz, CH), 3.30–3.61 (6H, m, He, Ha), 1.76–1.85 (2H, m, CH), 0.93
(12H, d, J = 6.8 Hz, CH3).

Compound 3j: IR (KBr) 2856(s), 1472(m), 1445(s), 1368(m),
1285(m), 1198(s), 1115(m), 1093(s), 1055(s), 908(s), 825(s), 727(m),
509(m), 499(m) cm-1; 1H NMR (200MHz, CDCl3, TMS) δ 3.73 (8H,
s, O-C-H), 1.71 (8H, s, 2,2’-H), 1.48 (12H, s, 3,3’, 4-H).

Compound 4a: IR (CCl4) 2957(m), 2930(w), 2870(w), 1456(m),
1383(m), 1240(m), 1140(m), 1105(s), 1001(s), 762(s), 702(m) cm-1;
1H NMR (200MHz, CDCl3, TMS) δ 7.24–7,51 (5H, m, Ar-H), 5.50
(1H, s, CH), 4.22–4.31 (2H, m, CH2), 3.91–4.04 (2H, m, CH2),
2.10–2.34 (1H, m, He), 1.39–1.49 (1H, m, Ha).

Compound 4b: IR (CCl4) 2963(s), 2851(s), 1468(m), 1406(m),
1379(m), 1242(m), 1147(s), 1107(s), 1074(m), 973(s), 935(m),
823(m) cm-1; 1H NMR (200MHz, CDCl3, TMS) δ 4.49 (1H, t, J = 7
Hz, CH), 4.06–4.14 (2H, m, CH2), 3.69–3.86 (2H, m, CH2),
1.98–2.17 (2H, m, CH2) 1.19–1.62 (4H, m, CH2), 0.88–0.97 (3H, t, J
= 7 Hz, CH3).

Compound 4c: IR (CCl4) 2973(s), 29469(s), 2868(s), 1466(w),
1383(m), 171(m), 1248(s), 1181(s), 1130(m), 1099(s), 968(m),
862(m) cm-1; 1H NMR (200MHz, CDCl3, TMS) δ 3.87–3.94 (4H, m,
CH2), 1.66–1.80 (4H, m, CH2), 1.37 (3H, s, CH3), 0.88–0.96 (3H, t,
J = 7Hz, CH3).
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