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Abstract

A mild, efficient and expeditious method has been developed for the chemoselective conversion of aldehydes to the corresponding acylals
in excellent yields, using acetic anhydride in the presence of catalytic amount (0.01-0.1 mol%) of ynk@fithhes remain unaffected under
the reaction condition. In(OT{)can be recovered and reused without any loss of its catalytic activity.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction and simple chemoselective protocol for synthesis of acylals
from aldehydes is still relevant.
Because of their stability towards aqueous a¢idsand In recent years, In(OT$) has been used as a potential

baseg2], acylals, thegem-diacetates of aldehydes have been Lewis acid for many organic transformatiofs/]. In con-

considered to be important protecting groups, alternative to tinuation of our research programme on In(l1l) mediated or-

acetalq3] for protection of aldehydes, in organic synthesis. ganic reaction§l8], we herein report the results of In(O3f)

They are also used as substrates for nucleophilic substitu-catalysed expedient, simple and cost effedtileemoselec-

tion reactiong4]. Acylals of a,B-unsaturated aldehydes are tive conversion of aldehydes to acylals using a catalyst load

important precursors for acetoxy dierjfsand dihalo vinyl as low as 0.01-0.1 mol%s¢theme 1Table ).

acetateg6]. Their utility in the cotton[7] and other indus-

tries[8] is also well established.

Generally, acylals can be prepared from aldehydes by 2. Experimental

treatment with acetic anhydride and a Bransf2®] or

Lewis acid[1,10-12] Solid acidic material§13] in hetero- 2.1. Materials and methods

geneous media have also been used as catalysts for their

formation. Recently, NB$14], iodine[15], CAN [16], etc. Infrared (IR) spectra were recorded on a Perkin-Elmer

catalysed acylal syntheses have also been reported. Many 0p97 spectrophotometeiti NMR spectra were recorded on

the reported methods, however, involve strongly acidic or Bruker DPX-300 (300 MHz) spectrometer using CR@k

oxidising conditions, corrosive reagents, high temperature, solvent and TMS as the internal standard. All melting points

high catalyst loading, longer reaction time and cumbersome are uncorrected. All known compounds were characterised

procedures. Moreover, some of these are not chemoselectivéyy comparing their physical data with those in the litera-

in terms of aldehydes and keto carbonyl functional groups. ture. Solvents used for experiments were dried and distilled

In view of these, the search for finding a cost effective, mild according to literature procedures. Indium triflate (Catalog.
No. 44,215-1; Batch No. 10716BI) was purchased from
Aldrich Chemical Company.

* Corresponding author. P
E-mail address: ghoshrina@yahoo.com (R. Ghosh). 1 Considering very low catalyst load and recyclability of the catalyst.
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Table 1

In(OTf)3 catalysed conversion of aldehydes to acylals

Entry RCHO @) Catalyst load (mol%) Time (min) %Yiel@sof RCH(OAc), (b)
a Ph-Q) 0.1 5 95

b Ph-(@) 0.1 5 93

c Ph-(@) 0.1 5 96 (94
d Ph-() 0.01 0.5 95

e Ph-Q) 0.001 1 o4

f 0-OMe-GsHs-(2) 0.1 5 92

g m-OMe—-GsHz-(3) 0.1 12 98

h p-OMe—GsHa-(4) 0.1 20 88

i p-OMe—-GsHs-(4) 0.01 7 98

j Piperonal b) 0.1 60 91

k m-OAc—CsHs-(6) 0.1 40 98

| m-OMe, p-OAc—CsH3-(7) 0.1 30 98

m 0-NO—CsHa-(8) 0.1 12 97

n m-NO,—CgH4-(9) 0.1 15 98

o m-NO;—CsHa-(9) 0.01 0.5 97

p p-NO2—CsH4-(10) 0.1 15 99

q Cinnamaldehydel() 0.1 15 93

r FurfuraP (12) 0.1 5 82

s p-N,N-Dimethylamino benzaldehydd?J) 0.1 2 days No reaction
t Decanal 14) 0.1 30 86

u m-OH-CsH4-(15) 0.1 40 6b, 96
% Vaniline (16) 0.1 2h 7b, 99

a |solated yields.

b Value in parenthesis: yield in the tenth experiment using recovered In{OTf)
¢ Neat, using 0.01 mol% In(OT§)

d Neat (50 fold)-PhCHO: AgO 1:1.2, using 0.001 mol% catalyst.

€ Reaction temperature: 0-2G.

2.2. General experimental procedure (b) In neat condition: To a mixture of aldehydes (1.0 equiv.)
and In(OTf} (0.01 mol%) at 5-10C was added acetic
(@) In solvent: A mixture of aldehydes (1 equiv.), freshly anhydride (2.0equiv.) and the reaction mixture was
distilled acetic anhydride (1.2-1.5 equiv.) and In(QTf) stirred. After completion of the reaction the products
(0.1 mol%) in dry dichloromethane (3 ml) was stirred at were isolated as described in (a).

ambient temperature. After completion of the reaction

(Table ) the mixture was diluted with dichloromethane Physical data of the products:

(3ml) and washed with water (2rmd 6 ml). The or- 1b [10b,10c,12,13a,13d]White crystals, (EtOAc-pet.

ganic layer was dried over anhydrous sodium sulphate ether, 60-80C) mp 44°C. *H NMR (CDCls, 300 MHz): §

and concentrated in vacuum to give pure acylal or chro- 2.13 (s, 6H), 7.40-7.42 (m, 3H), 7.51-7.54 (m, 2H), 7.68

matographed on silica gel (pet. ether, 60280ethyl (s, 1H). IR (KBr): vmax 700, 760, 945, 1010, 1060, 1210,

acetate) where necessary. Recovery of In(@Tifpm 1240, 1370, 1425, 1500, 1750, 2900-3120¢m

the reaction mixture and it reuse: After completion of  2b [11b]: White crystals, (EtOAc-pet. ether, 60-8D)

the reaction, it was quenched with water and the or- mp 73-74C. 'H NMR (CDCl;, 300 MHz): § 2.12 (s,

ganic layer was washed with water (7 ml3 ml). The 6H), 3.85 (s, 3H), 6.92 (bd) 8.3Hz, 1H), 6.99 (bt,

pooled aqueous layer was evaporated to dryness byJ 7.5Hz, 1H), 7.37 (bt,J 7.8Hz, 1H), 7.49 (bd,J

repeated codistillation with toluene and finally dried 7.6Hz, 1H), 8.02 (s, 1H). IR (KBr)yvmax 760, 950, 995,

under vacuum at 95-10€. Successive recovery of 1050, 1200, 1245, 1370, 1465, 1495, 1605, 1760, 2980,

the catalyst with its concomitant use in 10 consecutive 3020 cn?.

experiments (following method a) furnished the acylal ~ 3b [11b,16} Oil, *H NMR (CDCl3, 300 MHz):5 2.13 (s,

in reproducible yield (94%, entry Gable 1. 6H), 3.83 (s, 3H), 6.94 (dd, 1.9 and 8.2 Hz, 1H), 7.05-7.12
(m, 2H), 7.32 (tJ 7.9 Hz, 1H), 7.65 (s, 1H). IR (neat)max
695, 790, 1010, 1040, 1200, 1235, 1365, 1435, 1460, 1490,

A©0 (1.2-15 equiv), neat / CH.Cl 1590, 1680, 1755, 2840, 2940, 3000¢n

RCHO > RCH(OACc), Y
0.01-0.1 mol% In(OTf)s, amb. temp. 4b [10b,16} Oil, *H NMR (CDClz, 300 MHz):6 2.11 (s,
(@ (b) 6H), 3.82 (s, 3H), 6.92 (d] 8.7 Hz, 2H), 7.46 (d) 8.7 Hz,
42,999 2H), 7.62 (s, 1H). IR (neat)imax 830, 930, 970, 1000, 1055,

1110, 1165, 1200, 1240, 1310, 1360, 1440, 1520, 1590,
Scheme 1. In(OT# catalysed conversion of aldehydes to acylals. 1615, 1750, 2840, 2960, 3030 ch
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5b [12,13d} White crystals, (EtOAc-pet. ether, 60—80) (82—99%) in a very short reaction time (5min to 1 h). Aro-
mp 77-78C. 1H NMR (CDClz, 300 MHz):5 2.11 (s, 6H), matic aldehydes containing both electron donating (entries
5.99 (s, 2H), 6.80-6.82 (m, 1H), 7.00-7.02 (m, 2H), 7.57 f-h, j, Table ) and electron withdrawing (entries k-n,
(s, 1H). IR (KBr): vmax 790, 810, 870, 925, 945, 970, 1000, p, Table ) groups, irrespective of their positions in the
1030, 1100, 1130, 1195, 1230, 1360, 1440, 1490, 1605,ring, could be converted very efficiently to the respective
1760, 2910 cm?, acylals in excellent yields. The reaction of substrates like

6b [13f]: White crystals, (EtOAc-pet. ether, 60-8D) furfuraldehyde and cinnamaldehyde proceeded smoothly
mp 76—-77C. 1H NMR (CDClz, 300 MHz):5 2.13 (s, 6H), in high yields without the formation of side products.
2.31 (s, 3H), 7.13-7.16 (m, 1H), 7.40-7.45 (m, 3H), 7.67 p-N,N-Dimethylaminobenzaldehyde, however, due to deac-
(s, 1H). IR (KBr): vmax 695, 770, 800, 1105, 1200, 1240, tivation of the carbonyl group, remained unaffec{é8d]
1370, 1450, 1590, 1760, 3060 ¢t under the condition of reaction and the starting material

7b [13d,16} White crystals, (EtOAc-pet. ether, 60—80) could be recovered even after 2 days. Unlike some of the re-
mp 90-97C. 1H NMR (CDClz, 300 MHz):8 2.13 (s, 6H), ported methods (for example withmethoxybenzaldehyde
2.32 (s, 3H), 3.87 (s, 3H), 7.04-7.07 (m, 1H), 7.12—-7.15 (m, yield 45% [11a]; with p-nitrobenzaldehyde, 4% and
2H), 7.65 (s, 1H). IR (KBr)vmax 780, 895, 950, 990, 1070, cinnamaldehyde, 30%10b], etc.), the present protocol
1120, 1160, 1205, 1250, 1380, 1425, 1465, 1520, 1610, furnished consistently excellent yields with a variety of
1750, 1770, 2950 crt.

8b [13d]: White crystals, (EtOAc-pet. ether, 60-8D)
mp 85-86'C. 1H NMR (CDClz, 300 MHz):5 2.15 (s, 6H),
7.56-7.62 (m, 1H), 7.68-7.74 (m, 2H), 8.06 (k8 Hz,
1H), 8.21 (s, 1H). IR (KBr)vmax 690, 715, 750, 1010, 1095,
1200, 1230, 1360, 1525, 1740, 1765, 3050, 3100tm

9b [13d]: Off white crystals, (EtOAc-pet. ether, 60—30)
mp 64-66C. 1H NMR (CDClz, 300 MHz):5 2.17 (s, 6H),
7.61 (t,J 7.9Hz, 1H), 7.74 (s, 1H), 7.84 (d,7.7 Hz, 1H),
8.28 (dd,J 1.1 and 8.2Hz, 1H), 8.40 (s, 1H). IR (KBr):
vmax 670, 680, 695, 740, 815, 1010, 1200, 1235, 1350, 1530,
1760, 3010, 3090 crt.

10b [13d]: White crystals, (EtOAc-pet. ether, 60-8D)
mp 130°C. 'H NMR (CDCls, 300 MHz): § 2.16, (s, 6H),
7.69-7.73 (m, 3H), 8.26-8.29 (m, 2H). IR (KBK)ax 695,
750, 825, 855, 940, 970, 1010, 1055, 1200, 1230, 1345,
1370, 1525, 1605, 1760, 2860, 2930, 3010, 3120tm

11b [10b,10c,12] White crystals, (EtOAc-pet. ether,
60-80°C) mp 84-85C. 'H NMR (CDClz, 300 MHz): §
2.13 (s, 6H), 6.21 (dd) 6.5 and 16.0Hz, 1H), 6.87 (d,
16.0Hz, 1H), 7.27-7.37 (m, 4H), 7.41-7.43 (m, 2H). IR
(KBr): vmax 690, 750, 940, 1060, 1135, 1195, 1240, 1370,
1740, 1760, 2920-3080 crh.

12b [12,16] White crystals, (EtOAc-pet. ether, 60-8D)
mp 52-53C. 1H NMR (CDClz, 300 MHz):5 2.14 (s, 6H),
6.39-6.4 (m, 1H), 6.54 (d} 3.2 Hz, 1H), 7.46 (s, 1H), 7.72
(s, 1H). IR (KBr):vmax 750, 790, 830, 930, 960, 1010, 1060,
1145, 1220, 1370, 1500, 1605, 1750, 3120, 3160tm

14b [13f]: Oil, *H NMR (CDCls, 300 MHz):§ 0.88 (t,J
6.9Hz, 3H), 1.26-1.32 (m, 14H), 1.72-1.76 (m, 2H), 2.08
(s, 6H), 6.77 (tJ 5.6 Hz, 1H). IR (neat)vmax 1005, 1200,
1240, 1370, 1760, 2860, 2920 cfh

ppm
177.623

166.133

3. Results and discussion

A variety of aliphatic and aromatic aldehydes reacted T
in the presence of 0.1mol% In(OEfwith acetic anhy- ppm 180 160
dride in dichloromethane at ambient temperature furnishing rig. 1. 13c NMR of the mixture of In(OTf) and AeO (ca 1:50) in
the corresponding acylals in very good to excellent yields cbcls.
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aromatic and aliphatic aldehydes without any cleavage of OAcC

acylals during the aqueous work-up. It may also be noted RCHO R/KOAC

that, as expectefl 7b], m-hydroxy benzaldehyde and vani-

line were converted to their corresponding acetylated acy-

lals in respective yields of 96 and 99% with concomitant In(OTf); ,(OAC), In(OTh
. . . 3

acetylation of the phenolic —OH groups (entries u and v). ACOTS

The preparative efficiency of the present method was fur- \_J
ther established, for example by scaling up of benzaldehyde
to approximately 25 fold, resulting in the respective acylal AC,0

in nearly quantitative yield under the similar reaction con-
dition (entry b,Table J). After the reaction In(OT#§ could

be recovered and reused without any loss of its activity (en- of the carbonyl group with the metal. A probable catalytic
try c, Table 9. The recyclable efficacy of this catalyst was cycle for the regeneration of In(OE)may be proposed
tested by repetition of the experiment several times with the as shown inScheme 2The acetylation, thus, involves the
regenerated In(OT4)in successive experiments. The yield initial formation of AcOTf along with In(OTf)_, (OAc),

Scheme 2. Probable catalytic cycle.

after the tenth experiment was comparable (9Z%kle J) which in turn react with the aldehyde and A& producing
with that obtained in the presence of fresh In(QTf) the acylal; In(OT} is regenerated in the process. Ketones
Interestingly, the catalytic efficacy of In(O&fvas enor- (acetophenone and cyclohexanone) remained unchanged

mously increased (catalyst load approximately 0.01 mol%) (even after 24 h) under the similar reaction condition. From
in the acylal formation of benzaldehyde and its deriva- a mixture of benzaldehyde and acetophenone in the pres-
tives incorporating both electron donating and withdrawing ence of In(OTf} and acetic anhydride in dichloromethane,
groups, under solvent free condition (entries d, i and o, acetophenone could be recovered unchanged (96%) with
Table J). In the solvent free condition the reaction could be concomitant conversion of benzaldehyde to its acylal in
successfully carried out with 50 fold increase of benzalde- 94% vyield.
hyde even in the presence of 0.001 mol% of the catalyst
with almost quantitative conversion to acylal (entry e).

The 13C NMR spectraFigs. 1 and P of the mixture of 4. Conclusion
In(OTf)3 and AgO in CDCk in various proportions in-
dicated that discrete AcOTTf is formed as evidenced by its  In spite of the cost of In(OT#) this method, thus, rep-
13C NMR peak as 177.6, as also reported earliéri77.7) resents a very efficient, expeditious chemoselective trans-
in the Cu(OTf} catalysed acetylation reaction of alde- formation of aldehydes to acylals as it involves the use of
hydes[11b]. However, in the high catalyst concentration only 0.01-0.1 mol% catalyst which again is recoverable and
[In(OTf)3:Ac20::1:6], an intense peak of AcOTf appears at reusable.
5 180.3; the shift ins value is possibly due to coordination
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