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In recent vears. organic reactions on solid supports’ such
as zeolites” or mesoporous molecular sieves® have attracted
much attention becanse of advantages such as mild acidic
properties. shape-selectivities. environment-friendly nature
of catalysts. the easy work-up. the high purity of the prod-
ucts. and the recvelng of catalysts. In 1993, the preparation
of a ncw tvpe of hexagonal mesoporous molccular sicves
(HMS) by nculral asscmbly pathways was reporled by
Tancy and Pinnavaia.® This HMS was reported to possess
physical and catalytic properties different from those of
MCM-41 prepared by electrostatic assembly pathways.”
Even though HMS can be prepared much more easily than
MCM-41 or other zeolites and has certain advantages such
as thicker framework walls. superior thermal stability. and a
smaller crystalline size. HMS itself has not vet been fully
exploited as a new catalyst.®’ Therefore we undertook a
study aimed at discovering reactions that can be catalvzed
by HMS. Here we present our finding that HMS can act as a
recvelable solid acid catalyst for the deprotection® of acetals
and ketals. as shown in Table 1.

Dimethy| acetals and ketals could be deprotected into the
carbony] compounds by simply heating with HMS® in the
presence of water (5 equiv) in purified CHCIs solvent. The
work-up was simple: the filtration of HMS followed by the
removal of solvent gave a product in an excellent vield and
in a high state of purity. Deprotection of dimethy1 acetal of
o f-unsaturated aldehyde (entry 1), aromatic aldehydes
(entries 2. 4). and simple ketones (entries 7-9) was com-
pleted within a few hours. except for entries 3. 9 and 10.'"In
contrast, dimethyl acetals of aliphatic aldehydes required a
longer reaction time (entries 3. 6).!” Deprotection of dime-
thyl ketal of 4-resr-butvilcyclohexanone (entrv 10) and cam-
phor (entrv 11) required a longer time than that of less bulky

Table 1. HMS-Mediated Deprotection of Acetals and Ketals to
Carbonyl Compounds

HMS o

Me(><0Me
R R CHC;-H;0, reflux R)J\R-
Lnlrics” Subslrates” Czifl‘i:ttif:s“ I;if,l
la (F)-Ph-CH=CH-CH(OMe). 0lg.4h 94
Ib  (F)-Ph-CH=CH-CH(OMe): 022 16h 95
2a  PhCII{OMc): 0lglh 92
2b PhCH(OMe): 012 7h 944
3 m-NOLCLCHOMe): 02¢g.20h 98
4 o-ClICHLCIOMe )k Olglh 98
5 Me(CH:)CH.CH(OMe): Ola Ilh 93
6 Me(CHL):CIHLCIOMe); 0lg 18h 94
7 MeC(OMe).CHxCHa)Me 012 1h 94
8 Dimethyl ketal of'cyelohexanone 0.1 2,4 h 95
9 PhC{OMc):Me 0lg2h 97
10 Dimethy| ketal of 01a l0h 96

4-rerr-bulyleyclohexanone
11 Dimethyl ketal of (£)-camphor
12 J3-Droxolane of 2-octanone
13 1.3-Dioxolane of PhCIIO
14 1.3-Dioxolane of oclanal
1.3-Thoxolane of heptanal

02g.24h 92
022 10h N
02¢g 10h 91
05g 2days 5
(030, 2davs  20°

“Tn entrics 1h and 2b, non-calcined TTMS was used. *Dimethyl acctals
and ketals were prepared by heating a solution ot carbonyl compound
and (MeORCH in MeOH solvent in the presence of Amberlvst-15
(Patwardhan. 8. A.: Dev. 8. Swnthesis 1974, 348) and characterized by
NMR spectroscopy. Thoxolanes were prepared by heating a solution of’
carbonvl compound and glyeol 1 the presence of p-TsOLH. “Deprotection
was performed by refluxing 1.0 mmol of the substrates dissalved in 10
mL of purified chlaraform in the presence ol 90 mg of H-0O (5 mmal)
and HMS under N2 atmosphere. The weight represents the amount of’
HMS. “Tsolated vields. “The rest is the starting compound.
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oncs. This is probably duc to the bulky shape of ketals and
their product. which impedes the formation and diffusion in
the pore channel of HMS. Also. 1.3-dioxolanes. especially
thosc of aliphatic aldchydes (entrics 14. 13) were less rcac-
tive than dimethy1 acctals or ketals. even in the presence of a
larger amount of HMS. Non-calcined HMS was less active
as catalyst than calcined HMS. as shown in b scrics in Table
1. We speculate that the incrcased surface arca resulling
from the complete removal of the neutral template during
calcination” may be responsible for the increased activity of
calcined HMS. Next. we studied the recyeling of HMS,
Thus. HMS catalyst used in entry 1 was recovered by filtra-
tion and was rcused without calcination for the next run.
which was finished in 3 hr. giving 96% vicld. Third run
using the recovered HMS from the second run gave 97%
vicld in 3 h, These results show that HMS can be reeveled
for many times without loss of the activity.

The reduced reactivity '~ of 1.3-dioxolancs was cmploved
in the chemosclective deprotection of dimethy] acctals. Thus.
when an equimolar mixture (1 mmol cach) of dimethy1 acct-
al and 1.3-dioxolanc of heplanal was relluxed with HMS
(0.1 g) in chleroform (10 mL) in the presence of water (5
mmel) for 10 h. 1.3-dioxolanc was rccovered ncarly intact.
while dimcthyl acclal was completely deprotecied Lo alde-
hyde. as cvidenced by "H NMR spectroscopy.* In compari-
son with other zcolites such as H-mordenite.” HMS cm-
ployed here shows a similar catalytic reactivity loward ace-
tals and ketals except 1.3-dioxolancs ol aliphatic aldchyvdcs.
However deprotection with HMS requires lower tempera-
turc and less amount of water than H-mordenite.

In conclusion. we have shown that HMS can scryve as a
rcusable sohid acid lor the deprotection of the dimethy 1 ace-
tals and ketals in high viclds.
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1IMS used in this experiment was prepared according to
the literature method™ using dodecyl amine as template
and tetracthvl orthosilicate (TEOS) as silicon source.
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Thus, neat TEOS (44.6 mL, 0.20 mol) was added to a
well-stirred solution ol dodeey] amine (10.0 g, 0.054 mol)
m FOH (105.5 ml.) and H-O (106.7 ml.) all at once at rt.
The whole mixture was stimred Tor (8 b at 1t and the sohd
product was liered, washed with detonized water (800
ml.), and ai-dried for | day. The pale vellow sohd (214
) was extracted with THOH (500 ml.) in a Soxhlet extrac-
tor for 4 . The solvent-extracted material was dried at 80
°C for 3 h and caleined in air at 630 °C for 4 h (heating
rate 2 °C/min) to give 9.60 g of white solid. The physico-
chemical parameters of IIMS prepared thus are as tollows:
BET surface area 1142 £ 19 m*/g, average pore diameter
41 A, micropore volume 0.67 mL/g.

. The less reactivity observed in entry 3 1s probably due o

the clectronic effect.
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the acid-catalysed cleavage. Sce Ref. 8a.
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