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Abntract - The aminopropylated Sl I Ica-GeI hydrochloride (APXI*HCl) 
proved to be an efficient catalyst for the rapid converslon of 
carbonyl compounds in the corresponding acatals with hlgh yfelds 
and In mild and salectlve conditions. In addltlon to the obvious 
advantages offered by heterogeneous catalysis, the present method 
results very useful when the presence of a weakly-acldlc function 
chemically bonded on the catalyst surface (alkyl ammonium salt), 
is necessary (compounds which contains fvnctlons unstable In 

acidic mcdla). 

The synthesis of acetals from aldehydes 

and ketones Is widely used, and It is carried 

out by different methods depending on the 

can: an extenslve review on these reactions 

was recently published.’ 

In the study of this reaction, particular 

attsntioo was given to the selection of cata- 

lysts, and this allowed to select a wide 

number of those, ranging from conventional 

acids (sulfuric acid, ethanol Ic hydrochloric 

acid, p-toluensulphonic acid, ferric chloride 

etc.) with or without addition of orthc-esters 

(trimethyl- or trlethyl-orthoformate), to 

acidic resins as, for example, Amberlyst-15’ 

or Acidic Montmorillonite Clay K 103, and 

finally to solid superacids, Nafion-H4 type. 

Unfortunately, most of the reported methods 

use reagents and/or conditions which are far 

too drastic, and therefore not compatible 

with sophisticated substrates. 

In the contest of our researches on poly- 

meric supports for reagents and catalysts, the 

aminopropylated Silica-Gel hydrochloride 

(APSG*HCI) proved to be an efficient catalyst 

for the rapld conversion of carbonyl compounds 

In the corresponding acetals with high yields 

and in mild and selective conditions. 

The catalyst Is easily obtained by deriva- 

tlzlng commercial silica (Si 60,mSOO m’/g) 

with amlnopropyltrlethoxysilane (APS) in 

refluxing toluene following this scheme: 

CEt 
I 

ISI-OH + EtO-:I-(CHZ)3NH2 (APS) 

a3 

Tol uene 

I 
~Sl-O-Sl-(CH2)~NH~ 

I 
(APSG) 

I HC I , CHfOH 
r.t. 

I + 
= SI-O-SI-(CH2)3NH3 CI- (APSG*HCI) 

I 
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Table 1. Conversion of carbony compounds to acetals with APSG*HCI md 

Carbonyl compound Acctrl Reaction proccdurc 
Method 4 Method E 

Yield [xl' 
(rcrction ti=r. h) 

..p.[qb't or 

b.p. ['C]/torr 

cn,- I! -CW2-COOEt f 

ptC008r 

e 0 
cn,- -Cl42-aI2 

0 

&P 
Cl 

0 3 
Cl,-L2-CWQ 1 

0 L@ 

nco one 
cn3-Y-cn2-cooft ta - 

ylcoo8x / 
tte0 One 0 Cn3-h12-Cit2 r 

I” 
Ie & 4a - 

lte 

4b - 

Cl / 0 IleO, plte ’ 
al,-C-cll2-C a f \ se - - 

lte0 
# 

Me0 

I cn3-(cn2)5-c PC 
'One 

153-194 

91 

(3) Cal:" - tll.39 

(C-l.115 CHCl,) 

(:x1 
161-163/760 

(9G (1):) 
62-63 

126-129 

[a):". l 100.2 

(C-1.293 CMl3) 

lO9-110 

[a];- t76.95 

(C=l.206 CHCl,) 

(9:) (::I 

6a - (E, 

94 
?a - (7) 

96 
7b - (8) 

7c - 

93 

(8) 

143-145/760 

71-78 ‘ 
[a];"= t22.93 

(C-2.237 CHCl3) 

152-1541760 

204/X0 

137-140/160 
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experimental conditions A and B Characterization of the products. -’ 

ltt. data or 
)blcculrr forulr 

4 ta l ‘n4l.n.r. &ocIpls ht.) 

of rcetalr ,:[d] 4:[lP] 

._p. lm-162Y s 3460. 1100. 1010. 3.60 (t. J= ?.SO k. 1W); 3.17. 3.12 (2s. 6H); 2.00 (br. In, 020 

kg)= tl4 870 cxchnpc); 2.10-0.70 (D. 23H); 0.71. 0.80 (2s. Sn) 

(c-1.66) 

$/+6'4 

(ly6.24) 

1730. 1310. 1225. 4.15 (q. J - 7.20 lk. aC); 3.21 (s. 6M); 2.65 (s. 2H);l.46 (s. 
12OO. 1165. 1110. ac); 1.26 (1. J - 7.20 Hz. 3n) 
10S0 

3320. 1120. MOO. 7.45I.#) (m. MM); 5.1s (s. 2M); 3.17 (s. 6M); 2.73-2.47 (m. 2M); 

c20n2Sm4 
1530.122O.lOS0. 2.OO-1.75 (m. 2M); 1-Y) (1. 3at) 

(344.47) 
WS.74O.700 

_ 6 1735.1100.1015 3.17. 3.12 (2s. 6H); 2.50-1-W (D. 2M); 0.66. 0.83 (2s. 6~) 

=23'40°4 
(m.63) 

W21C'02 

(3O4.M) 

l .P. 796PC 6 

ms. 1155. 1lOS. 3.16. 3.16. 3.15. 310 (4s. la); 2.20-O.90 (m. 22~); 0.67, 0.80 
107O.lOSO (2% 6H) 

1490. 1220. 112S. 7.37-7.07 (B. 9w); 4.07 (t. J l 6.7s HZ. ln); 3.WJ (s. 6~); 2.45 

1090.1050.640. (4. J - 6.7S Hz. a); 1.00 (s. a) 
750.695 

1135. 1105. 1045 3.16. 3.13 (2s. W); 2.050.60 (m. 46H) 

b.p. 61-02/20 7 1190. 1130. 1OSs 4.35 (1. J = S.2S HI. ln); 3.30 (I. 6n); 1.75-1.17 (a. 1~); 
0.90 (1. J = 6.00 Hz. 3M) 

b.~. 204/760 * 1460, 1375.1345. 4.48 (t. J - 5.55. In); 3.65. 3.49 (m. l.M-1.03 4n); (m. tan); 
113O.laO 1.17 (t, J . 7.12 Hz. w(); 0.90 (t. J = 6.W wt. 01) 

b.@. 93-95/20 g 1145. 1120. 103s. 4.8s (1. J - 4.SO Itx. Ml); 4.10-3.70 (1. 1.90-1.07 4~); (m, 1~0; 
940 0.90 (1. J - 6.00 M) Mr. 

TETRA Vol. 40. No. %E 
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Carbonyl compound Acctrl ncrction procedure 
Method i Method 0 

V4cld [I]' - 
(reactIon ttmr. h) 

._p.[*c]b'c or 

b.p. (*C]/torr 

no 0 

II, ,OMC 

0 on i 
no-cn2-cn 

‘Me r 

Cl+( Cw2))-cllo 
,Ok 

2 
CH3-(CH2)9-CH 

'One Zf 

cn3-(cn2)l2-cwo g 
/JR= 

cnJ-(cn2)l2-cn 
Lone 35 

. Me0 OMt 
Ph-CH2-CM2-k, ,,. 

- 

Et0 OEt 
Ph-CH2-Cl12-‘C-Cll, , ,) 

- 

i 
On0 

Ch-cn2-cn2- -CH, 11 4 Ph.cn2-Cn2'?tkt, j& - 

OQ 
Ww2-cw2~c'c'cn3 j& 

x 
0 0 

\ Pb-cH2-CH2%fcq m 

(2, 

(E, 

(G, 

$1 

(E, 

91 

(41 

(:I, 

(2, 

(E, 

(E, 

c::, 

1st.154/760 

Oil 

165.16lf760 

250.215/760 

oil 

oil 

177.179/760 

Oil 

Oil 

Oil 

011 

oil 

165.167/760 

a)Yield of isolated pure product. b) Uncorrected. C) Unless otherwise noted, 
d) Satisfactory microanalysis obtained: C, + 0.25; H, + 0.15; N, 2 o-23 %- ’ 

those of solid samples in nujol mull. f) Recrystal I ized from methanol/water* 
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-- 

Ltt. bata or d II r 1 

)blcculrr fOlw1~ 
H-I.R.A. (coc13/rm int.) 

of rcrtrlr “(cl-‘) 4 :[w] 

10 - 

b.p. 92-930 
11 

b.p. Q-60/12 
12 

13 

hp. 1%~136/4 l' 

clmlao2 
(194.30) 

b.). 119-120 Is 

b.p. 141/17 “ 

c11"lso2 
(206.31) 

clsn22O2 
(234.37) 

-3 

cl2"1602 
(192.26) 

b"l403 
(lS6.20) 

1470. 137s. 1240. 
1145. 111s. 1000 

1465. 1390. 112s. 
lOS0 

4.50 (t. J - 4.67 Hz. In); 4.25-3.w (=. ac); 3m-3.57 (1. d(); 
2.77-2.37 (=. W; 1.70-1.47 (=. In); 1.47-1.10 (=. lo(); 6.66 
(t. J l 6.00 Hz. 3H) 

4.30 (t. J - I.25 HI. In); 3.51-3.35 (=. 4n); 1.65-1.10 (=. MM); 
1.0s0.75 (m. 9H) 

3430. 119s. 1130. 4.42 (t. J - 5.25 Ik. in); 3.57 (bt. J . 5.50 Mz. 2~); 3.40 (% 
1ceO. 970 Sn); 2.91 (bt. J - 5.56 Hz. 1% D20 edwqc) 

1190. 1130. 105s 4.33 (t. J - 5.40 hr. 1H); 3.30 (I. 6H); 1.73-1.15 (m. 16~); 
0.66 (t. J - 6.00 Hr. 3M) 

1190. 1125. 1055 4.35 (t. J - 5.62 nt. 1H); 3.30 (s. 6H); 1.75-1.10 (m. 24H); 
0.68 (t. J = 6.00 I(r. #) 

1600. 1450. 1375. 
1205. 1120. 1050. 
6555. 6995 

7.30-7.15 (1. 9); 3.17 (s. 6N); 2.77-2.53 (m. M); 2.07-1.60 
(=. tn); 1.32 (I. #) 

1600. 1450. 1375. 
1210. 1130. 1060. 
745. 760 

7-40-7.00 (=. Y(); 3.46 (q. J - 7.00 nr. 4n); 2.60-2.53 (m, 281); 

2=10-l-13 (=. a); 1.37 (s. 1); 1.16 (t. J . 7.00 HI. 6H) 

1600.1360.1225. 
114s. 105s. 665. 
750. 700 

7-31-6.97 (=. y0; 3.86 (bs. Cn); 2.65-2.57 (m. zn); 2_a&1.#, 

(m. M); 1.33 (I. 3n) 

1600. 1450. 1380. 
1370. 1245. 1155. 
1090. 650. 75s 

7.40-7.00 (m. W); 3.90 (t. J - 5.55 Hz, 4M); 2.67-Z-57 (=. aC); 
2.15-1.67 (m. M); 1.65-1.50 (m. al); 1.43 (s. 3n) 

1600. 1375. 1255. 
1215. 1125. 1090. 
6.60. ISO. 700 

7.40-7.00 (=. w(); 3.57-3.40 (W. J . 10.9 Hz. Ill); 2.93-2.63 
(1. 2n); 2-W1.6s (1. Zn); 1.40 (I.%); 1.01 (s. M); 0.67 
(s. 3H) 

1600.1450.1350. 7-50-7.15 (=. u(); 1.73 (d. J - 16.50 llt. III); 6.13 (64. J - 
1190. 1125. 1050, 16.50 b. J - a.50 Hz. lw); 4.92 (d. J -4.5~ lk. lni 3.33 
965. 750. 690 (s. a) 

1610. 1450. 1240. 
1165. 1135. 1045. 
745. 690 

7.50-7.13 (=. 5H); 6.76 (d. J - 16.50 llz. In); 6.C# (d. J . 
16.50 b. In); 3.20 (s. ai); 1.43 (s. 3~) 

1450. 111s. 105s. 3.30 (1. 3H); 3.35-3.20 (m. IW); 3.25 (I. W); 3.10 (d. J . 
930. 900. 650 4.20 Hz. III); 2.20-1.2s (m. Iin) 

sol id products were recrystal I ized from CHZC12-hexant mixture. 
Spectra of liquid samples were recorded as liquid film, whereas 
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The catalyst could also be obtained by 

TM 
reacting commercial LIChroprap-NH2 , 25-40 

)rm (Merck) with methanollc hydrochloric acid. 

The react ion, In our conditions, does not 

require any preabsorpjion on the catalyst, as 

generally observed when different solid acids 

P 

dP 4a - 
Me0 

Me0 
76 %, 20 h 

3 
were used , and, in addition, it can be 

realized under mild conditions. 

As regards the effectiveness of the 

react ton, our results prove that It depends 

on the nature of the substrate. Actually, 

sufficiently reactive carbonyl compounds react 

with alcohol and are transformed In the cor- 

responding dimethyl- or dlethyl-acetals, at 

room temperature, in the presence of the sole 

catalyst and under stirring (Method A, 

Experlmental part). 

Far lower yields are obtalned in the 

transformation of the same substrates in cy- 

cllc acetals; unsatisfactory results are also 

obtafned in reactions run In similar condl- 

tions on less reactive carbonyl compounds. 

In the last two cases, the above procedure 

has to be modified, adding ethyl- or methyl- 

-orthoformate to favour the removal of water 

( Method 1, Experimental part). 

Genera I I y , the reaction was monltored by 

G.L.C. or H.P.L.C., to optimize the experi- 

mental conditions. 

Owing to the remarkable mechanical resl- 

stance of the particles, the isolation of the 

reaction product can be easily realized by 

flltering out the catalyst, the latter being 

easily regenerated by elution with methanolic 

hydrochloric acid. 

The results obtained with substrates of 

different nature in addition to the physlco- 

-chemical properties of the products, which 

are never extensively described in the Iltera- 

ture, are reported in Table 1. 

It Is worth remarking that, In some cases, 

an elevated selectivity of reaction can be 

obtained by varying the experlmcntal condl- 

tlons, as can be seen In the following 

example: 

Method A I - CHjoH 

APSG’HCI 

0 
6 

CYP - 4 

0” 

Method 0 

I - CH3Ctl/HC(OCH3)3 

APSG*HC I 

OMe 

OMe 

Me0 

Me0 

4b - 

90 x,16 h 

Some of the advantages offered by the 

present method are shown in Table 2. The 

reported data show that carbonyl compounds, 

containing functions easily affected by acidic 

media, when reacted in our conditions (Method 

A, APSG*HCI), gave better results in compari- 

son wlth those obtalned by known procedures 

still using heterogeneous catalysis (e.g. Me- 

thod I%, Amberlyst-15). 

The yields of the conversion catalyzed by 

APSG-HCI are higher than those obtained with 

the resin Amberlyst-15, which contains a very 

acidic function (sulfonlc group). In the last 

case, formation of secondary products was 

detected beside the main one. 

For Instance, when substrate 2 was 

transformed in the corresponding acetal 2, 

In the presence of Amberlyst-15 as catalyst, 

the transesteriflcatlon products methyl-3,3-di- 

melhoxy-butenoate and methylacetoacetate, 

were Isolated in 21% and 3% respectively. 

Moreover, the epoxidlc function, contained 
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Reaction procedure 

Carbony I 
compound 

Acetal Method A / APSG*HCI Method A / Amberlyst-15 

yield % (reaation time, h) 

2 

4 

2e - 

4a - 

80 (15) 

76 (20) 73 (11) 

67* (10) 

14 - 14a - 89 (24) 44 (15) 

i Compound 2 was reported to be directly transformed In ethyl-3-methoxy-2-butenoate in _ 
more drastic conditions 2. 

in the compound E, whereas resulted unaf- 

fected In the presence of APSG’HCI, It was 

opened when Amberlyst-15 was used as cata- 

lyst. In this case, the acetal 14a was isola- - 

ted beside a remarkable amount (49%) of 

compounds derived from the epoxide ring 

opening. 

Finally, the reaction with APSE*HCI on 

compound 4 has shown an elevated regiosele- 

ctivity ) as above reported; the two carbonyl 

functions were selectively transformed giving 

the corresponding monoacetal 4a or diacetal - 

4b, by varying the experimental conditions. 

The diacetal was obtained exclusively by 

adding methyl orthoformate In the reaction 

medium (Method p). 

The described method represents a valid 

system for the conversion of carbonyl compo- 

unds in the corresponding acetals, mainly 

for those which contain functions unstable 

in acidic media. In addition lo the obvious 

advantages offered by heterogeneous catalysis 

(for instance, the catalyst can be easily 

filtered out from the reaction mixture), the 

present method results very useful when the 

presence of a weakly-acidic function on the 

catalyst surface (alkyl ammonium salt) Is 

necessary. 

The advantage of our procedure can be 

summarized as ‘01 low: possibility of working 

under extremely mild conditions; absence of 

transesterification (e.g. compound 2, Table 

1); remarkable selectlvlty (e.g. compound 

s, Table l), stablllty of functions which 

are unstable In acidic media (e.g. compounds 

&, *, Table 1, 2), high yields of conver- 

sion and absolute reproducibility of results. 

Additional advantages offered by the catalyst, 

because of the nature of the siliceous support, 

consist particularly: in the mechanical resi- 

stance of the catalyst; In the easy regenera- 

tion of the resin by elution with methanolic 

hydrochloric acid and flnally In the ease of 

preparation of the catalyst by derivatizing 

commercial silica. 

EXPERIMENTAL PART 

Equipment - Vapor phase chromatography was 

performed using a Carlo Erba Fractovap 4160 

or a Hewlett-Packard Mod. 7620A. Analytical 

liquid chromatography was performed on a 

Waters Associates ALC/GPC-202/R 401 chroma- 

tograph (Waters Associates, Milford, Ma.,USA) 

equipped with a U6K universal injector, a 

Model M6000 and M-45 solvent delivery system, 

a Model 460 Amax differential UV detector and 

a Model 401 refractive index (R.1 .) detector. 

IR spectra were recorded with a Perkin-Elmer 

Model 297 gratlng speclrophotometer. ‘H-NMR 

spectra were obtained with a Varlan EM-390 

spectrometer. Chemical shifts are expressed 

in values (ppm) relative to a Me4SI internal 

standard. All m.p.s reported are uncorrected 

and were determined with Biichi apparatus. 
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Analytical data (% C, H, and Nl were ob- 

tained from Mikroanalytisches Laboratorlum, 

Or F. Pascher, Bonn (Germany). Mass spectra 

were recorded with a Hewlett-Packard HP5980A 

spectrometer equipped with a Data System 

5870A. [a]“,” were determined with a Perkin- 

-Elmer Model 241 polarimeter. 

H.P.L.C. preparative separations were 

performed on a Miniprep LC (2 cm i.d. column) 

or a Chromatospac Prep 10 chromatograph 

(4.0 cm i.d. column), both frcm J&in Yvon 

(Longjumeau, France), equipped with an Ft. I. 

detector. 

Reagents - The starting carbonyl compounds 

1, 2, 4, 6, 1, !, 9, lo, 2, 12, 12 are 

commercially available and were used without 

further purification. Compounds 5 
17 

_ and 2’8 

were prepared according to the cited refe- 

rences. LiChrosorb-NHF, 25-40 )I were com- 

mercially available from Merck, 

Preparation of N-carbobentoxy_C-13-oxobuthyll- 

-aniline (3). -_ 
This compound is obtalned by reacting p-chlo- 

romercury-N-cerbobenzoxyaniline with methyl- 

vinylketone, following the procedure described 

in the literature 
17 

, yield: 83 %; m.p. 78-79 

*C (CH2C I p/haxane 1. 

I.R. (Nujol):O -3320, 1708, 1698, 1330, 1240, 

-1 
1070, 820, 745 cm . 

‘H-N.&R. (CDC13): 6 = 7.55-6.85 (m, 10 H); 

5.17 (s, 2H); 3.00-2.50 (m, 4H); 2.07 (5, 3H) 

ppm. Ct8Ht9N03 (297.38) requires: C, 72.69; 

H, 6.45; N, 4.71 %. Found: C, 72.51; H, 

6.40; N, 4.68 %. 

Preparation of the aminopropylated SilicaCel 

hydrochloride IAPSG.HClJ resin. 

a/ Preparation of aminopropylated Silica-Gel 

IAPSGJ. 100 g of LlChroprsp 51-60 25-40~ m 

Merck are suspended in toluene (500 ml) into 

a three-necked flask provided with a head 

for distlllaticn, in argon atmosphere. The 

mixture is then heated to boiling point, and 

the water contained In the silica gel Is 

entirely ellmlnated by azeotropic dlstillatlon. 

After cooling, the 3-aminopropyltrlethoxysllane 

(APS) (45 ml in 20 ml toluene) is slowly 

added under magnetic rtirrlng. After this 

addition, the mixture is heated to boiling 

point, the ethanol formed during the reacti& 

Is elimInatad, then the reflux is maintained 

for ! hour. After cooling and filtration over 

Bichner , the residue is rinsed with dichlo- 

romethane, methanol, methanol/water mixture, 

and wlth methanol again, flnally It is dried- 

-up with an oil pump. The APSG yield is 

practically quantltatlve. 

bl Preparation of the hydrochloride IAPs*HClJ 

10.0 g of amlnopropylated Slllca Gel (APSG), 
TM 

or In alternative LiChroprep-NH2 25-40 p m , 

Merck are suspended in methanol (50 ml) 

added with 10 ml cont. HCI (37 %I; after 

about 20 mln of stlrrlng, the mixture is 

filtered through Biichner, and the col Iected 

preclpltate I5 rinsed with methanol (100 ml), 

and then wlth dlchloromethane (10 ml); 

finally it is dried-up under vacuum with an 

oil pump. 

Elemental analysis: APSG . HCI Found C, 3.46; 

H, 1.49; N, 1.35; Cl, 2.97 % equivalent to 
+ 

0.83 mmol uNH3CI-/g support. 

Regeneration of the resin. The used polymeric 

catalyst (APSG*HCI) is successively washed 

with the following solvents: methanol, water, 

methanol and treated as described above. 

Preparation of acetals. 

Method “A”: (Direct acetallzation without 

removal of water). The carbonyl compound 

(10.00 mmol) is added to a suspension of 

APSG*HCI (0.200 g) in alcohol (anhydrous 

methanol or ethanol) (50 ml 1 and allowed to 

react at room temperature and under stirring 

for the tlme required for the formation of 

the corresponding acetals (see Table 1). 

In the Method b/Amberlyst-15 the reaction 

I5 carried out in the above described condi- 

tions on some substrates which are generally 

unstable in acidic media and, by using 

Amberlyrt-15 as catalyst In a ratlo of 100 mg 
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to 10 met01 of carbonyl compound. The time 

requtred for the disappearance of the startlng 

materlal Is reported in Table 2. 

Method ‘B”: (Acetalizatlon by the orthoester 

method, removal by chemical methods of the 

water formed In the reactlon). Thls procedu- 

re Is employed both In the preparatlon of 

dimethyl- and dlethylacetals of lesser reactl- 

ve carbonyl compounds, and In the formatlon 

of cyclic acetals (dioxolanes, dloxanes). The 

procedure Is similar to that of the case 

descrlbed above (Method A), plus the addl- 

tlon of trlmethyl- or trlethylorthoformate 

(3D.O mmol), as a dehydratlng agent, to the 

reaction madlum. Moreover, In the preparation 

of cyclic acetals, 50 mmol of the dlol has to 

be added. 

the nactlon mlxtun, obtalned In thr pre- 

paratlon of cyclic acatals, contains also smal 

amounts (1.E6.0 %) of the corresponding dl- 

methyl l cotcls. 

Thlr work was flnanclally supported by: 

Progotto Flnallruto dol C.N.R. Chlmlca Flne 

l SecondarIa. Wo thank Dr. G. Cancelllere 

for technIcal assistance. 
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The catalyst Is filtered and rlnsed with the 

same alcohol used In the reactlon; the fllte- 

rod solutlons are collscted and dlstllled under 

reduced pressure. The resldua can be analy- 

zed by gas-chromatography In packed or ca- 

pillary columns. The followlng gas-chromato- 

graphic condltlons were used: 

Capillary column: OV-1, 25 m, 0.30-0.32 mm 

ID Duran Glass, 0.40 pm film thickness, 

splitter 1:40, Temp. In]. MO*C, FID 300-C, 

Carrler: hellum, 2.0 ml/mln. Packed column: 

2m x l/4” 0.0. Glass, packed wlth 10 % 

Carbowax 20M on loo-120 mesh Supelcoport; 
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