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Functional group protection and deprotection is important
in synthetic organic chemistry." Amongst protecting groups
for alcohols, the esters are the most important with acetate
being the simplest and easiest of all. Acetylation® is most
commonly performed using™ reagents such as Ac:O or
AcCl in the presence of base, procedures which are not
environmentally friendly. The use of HOAc/mineral acid for
acetylation suffers from the problem of reversibility. Later
modifications involving the use of Lewis acids™"’ in
combination with Ac>O is inherently wasteful since half of
the every acid anhydride molecules lost as a carboxylic acid
and the use of HOAc (as solvent)-lanthanide triflates'"""”
whilst efficient, is expensive.

Formylation is a very impottant process in organic
chemistry. Although various formylation reagents have been
reported previously,"** there are still serious limitations for
the preparation of formates due to the drastic reaction
conditions, the use of uncommon reagents, formation of
undesirable or toxic by-products, the application of expen-
sive catalysts for preparation of formylating agents and
thermal instability of the reagents. Due to the instability of
the anhydride and acid chloride of formic acid. formylation
ot alcohols by formic acid is an important synthetic reaction.

[n continuation of our studies on the applications of
inorganic acidic salts.™* herein we wish to report an efticient
method for the acetylation and formylation of alcohols with
acetic and formic acids in the presence of a catalytic
amounts of AI(HSO4)s. All reactions were performed under
mild and heterogeneous conditions in s-hexane (Table I,
Scheme 1).

The acetylation ot alcohols with acetic acid {I mol equiv.)
was performed in the presence of a catalytic amounts of
Al(HSOs): in refluxing n-hexane to produce the desired
esters in good to high yields (Table 1). Benzylic alcohols
carring both electron- withdrawing and electron-releasing
groups and aliphatic alcohols were acetylated without

AIHSOY);
R'COOH + ROH R'COOR

n-hexane. reflux, R =H. CH.,

Scheme 1
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formation of any side products with 0.1 mol equiv. of
catalyst. We have observed that AI(HSOy): can bring about
the acetylation of (—)-menthol with high vield and retention
of the configuration with acetic acid in refluxing s-hexane
(Table 1. entry 13).

The formylation of alcohols in n-hexane. using formic
acid {1 mol equiv.) can be performed at room temperature in
the presence of 0.3 mol equiv. of A{HSO,): with good to
high yields (Table ).

In addition, we have found that AI(HSOy)s. can be reused
several times without loss of activity, simply by filtering the
catalyst, washing with dichloromethane and acetone, drying
and immediately reusing. The yield of benzyl acetate trom
the acetylation of benzyl alcohol promoted by the recovered

Table 1. Acetyaltion” and formylation® of alcohols in the presence
of ANHSOu )

AcOH/ Time Yield
Entry Substrate HCOH Product ) %
HO AcO
1 () acon ) 05 @2
2 C';@ AcOH C';@ 25 80
HO. AcO.
HO AcO
3 \—Q—q AcOH C\—©—c| 3.5 90
0 0
4 HO/\©N o AcOH Aco/\©fN o 37 92
5 @+ AcOH ﬁ©+ 033 85
HO AcO
HO AcO
6 )~® AcOH ° )—@ 042 90
7 AcOH 25 80
OH OAc
8 HO_\_@ AcOH A°°‘\_@ 025 93
9 ©/\L AcOH ©/\L 033 90
OH OAc
o P00 aom P 3275
11 AcOH 0.67 90
12 HOO AcOH ACOO 1 80
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Table 1. Continued

Time Yield
{h)y %"

__<:§< 15 75
3

AcOIlf

HCO-H Product

Cntry Substrate

13 AcOH

14 AcOH 25 80

AcOll

OH
E OH
S
oH v
HO HOCQ
16 () o ) 1w
C
0 IO
OH
O
OH

]

17

Cl
HCO:H HOCO\:© 2 75

HCO:H 90

;

18

H HOCO

LICO-L 80

.

[0}
19

H

OCOH

HOCO

20 HCO:H 90

<
[
S

HCO-H 0.5 85

E

s O

22 Cholesterol

L
23
OH

OCOH

HCO:H  Cholesterol formate  0.67 73

g

MCOAN
OCOH

“Acctylation reactions were performed in the presence ot 0.1 mmol ot

AISO4): under retlux conditions. “Formylation reactions were pertorm-
ed in the presence of 0.3 mmol ol AITISO.)s at room emperature.
“Isolate yield. “Mixture of products Starting material + unidentitied
products.

catalyst for 3 times was 87%.

This methodology is not useful for the acetylation and
formylation of allylic alcohols (Iable 1. entries 15, 23).

The actual mechanism of the reaction is not clear. How-
ever, the plausible role of the AIHSO4): may be the
activation of acyl and formyl moieties by coordination,
triggering the acetylation and formylation process with
concomitant regeneration of AI(HSQ,)s, followed by the loss
of water {Scheme 2).

[n order to show the ability of this method we have
compared some of the results with some of those reported in
the literature ('lable 2).°%%

[n conclusion, we have shown that AI(HSO,)s is a good
reagent for acetylation and formylation of a variety of
alcohols under mild reaction conditions. ‘T'he reactions are
clean and the products yields are good to high and the
procedure is easy.

Experimental Section

General. Chemicals were purchased from Merck, Fluka,
BDH and Aldrich Chemical Companies. Products were
separated and purified by different chromatography techniques,
and were identified by the comparison of their mp, bp, IR,

Notes

LAI(HSO,);

AI(HSO,)s

H + 1,3 shift

b
H R 0-
R' )\O/ S \CLOH —_—
/ | -AI(HSO,);
Q

R-OH RS

R §OH
CEOH — » R'COOR
| 1,0

OR
Scheme 2

Table 2. Comparison of some of the results obtained by the
acetylation and lormylation in the presence of AI(NSOs)s (1). with
some of those reported by AcOH/Cu(OT): (2)* and chloral!
K-COy/acetone (3)*

{t/hy (Yicld%o)

Entry PProduct
(1) (2) (3)
] PRCH-0AC (0.5)(92) (R)(94) -
2 PhCICHDOAC  (042)00)  (14)(94) -
3 PhCH-OCHO (192 - (4.5)(62)

NMR and refractive index with those reported for the
authentic samples.”™" All yields refer to the isolated
products. The purity determination of the substrates and
reaction monitoring were accomplished by TLC on silica gel
polygram SILG/UV 254 plates. Column chromatography
was carried out on Merck kisselgel 60H.

Preparation of AI(HSO4);. A 500 mL suction flask was
equipped with a constant pressure dropping funnel. A gas
outlet was connected to a vacuum system through an
absorbing solution (water) and an alkali trap. Anhydrous
aluminum chloride (66.7 g, 0.5 mol} was charged into the
flask and concentrated sulfuric acid (147.1 g, 1.5 mol) was
added dropwise over a period of 40 min at room temper-
ature. HCI gas was evolved immediately. After completion
of the addition of the H.S0,. the mixture was shaken for 30
min, meanwhile, the residual HCI was exhausted by suction.
A white solid material was thus obtained (158.5 g).
AI{HSQy): was characterized by the determination of its H™
content by titration with NaOH (Calecd 0.95%., Found
0.96%) and SO, by precipitation with Ba’ (Caled 90.57%.
Found 09.48%). AP* was determined by two methods;
conversion to Al:O: (Calcd 8.48%. Found 8.31%) and
spectrophotometric determination by complex formation
with aluminon (Caled 8.48%, Found 8.38%)."'

General procedure for acetylation and formylation of
alcohols using acetic acid and formic acids. A mixture of
the substrate (1 mmol), acid {1 mumol) and AIKHSO,); (0.1-
(.3 mmol) in n-hexane (5 mL) was stirred at room temper-
ature or under reflux conditions for the specified time
(Table). The reaction was monitored by 'I'LC. After completion
of the reaction, the mixture was filtered and the solid residue
was washed with dichloromethane (10 mL). Evaporation of



Notes

the solvent followed by column chromatography on silica

gel gave the corresponding esters from good to high vields.
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