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ABSTRACT

A simple, rapid and efficient microwave-assisted procedure for the formylation of aniline derivatives and alcohols, using a
heterogeneous (HCOOH/SiO,) system under solvent-free conditions is reported. The method is applied to a set of amines,
alcohols and thiols and short reaction times (<10 min) with high yields are reported. This protocol introduces a practical and
viable green technology of solvent-free and catalyst-free reactions.
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1. Introduction

Microwave-promoted chemical reactions are energy efficient,
since irradiation for only a few minutes is adequate for conduct-
ing most endothermic reactions. For exothermic reactions, it is
necessary to provide only a short burst of energy to initiate the
reaction. After this initiation, the reaction proceeds to comple-
tion without the need for any additional energy from an external
source. Formylation of alcohols and amines is an important
transformation in organic synthesis and provides an efficient
method for the protection of OH and NH groups. N-formyl
compounds have been widely used in organic synthesis as a
protecting group. Thus a number of formylating methods have
been reported. Acetic formic anhydride'™ is one of the most
widely used formylating agents. However, because of its sensi-
tivity to atmospheric moisture it is easily decomposed to acetic
acid and carbon monoxide. Other useful formylating agents
include chloral,* activated formic acid using DCC,> or EDCL*
activated formic esters,”"* ammonium formate' and formic acid
itself under reflux conditions.” "

A variety of catalysts have been used for activating these
reagents, such as Sc(OTf), and Sc(NTf,),,"” TiCl(OTf),,"* TMSCI
and TMSOT{,"” La(i-Pr),,'"* COCL,"” Sn(OTf),,* TiCl, and
AgClO,,*" AIPW,0,,** PCl;-n(SiO,),,** PPh,/CBr,*
K,CoW,0,,.3H,0”and CCL,CHO/K,CO,.* Some of the reagents
reported for formylation are often hazardous, toxic, expensive,
not readily available and need to be freshly prepared, the reac-
tions require drastic conditions or prolonged reaction times and
tedious work-up procedures are involved. Thus, milder, non-
hazardous and inexpensive reagents are still in demand.

2. Results and Discussion

Keeping in view our general interest in the development of
friendlier synthetic procedures, a rapid, high-yielding prepara-
tion of N-formyl and O-formyl compounds was attempted. We
wish to report results of a method utilizing microwave irradiation

* To whom correspondence should be addressed. E-mail: rgvaghei @ yahoo.com

in the presence of a silica gel/formic acid heterogeneous system
in which the solid silica support may be recycled after product
separation (Scheme 1).

To explore the generality and scope of this reaction a wide
range of structurally different alcohols, aniline derivatives and
thiols was subjected to formylation under these conditions. The
results are shown in Table 1. It is clear that we were able to
develop a convenient and efficient procedure for the formylation
of aniline (entries 1-6), amino acid (entry 7) and macrocyclic
amine (entry 8) derivatives. The reaction showed good results
for a wide variety of structurally different starting materials.
Reactions of aniline bearing both electron-donating and elec-
tron-withdrawing groups proceeded smoothly to give the corre-
sponding N-formyl compounds in quantitative yields.

In a similar manner, various substituted aromatic and aliphatic
hydroxyl groups were smoothly formylated under mild reaction
conditions and gave the desired O-formylated alcohols in high
yields. These procedures are uniformly effective for the
formylation of primary and secondary saturated alcohols
(Table 1, entries 19-27), benzylic alcohols (Table 1, entries 9-15),
phenols (Table 1, entries 17 and 18) and cholesterol (Table 1,
entry 28).

Our experiments also indicated that tertiary alcohols (Table 1,
entry 29) and thiols (Table 1, entries 30-32) were not formylated
under these conditions. Also, the results show that this method
is selective for the formylation of aniline and alcohols in the
presence of phenols (Scheme 2).

The advantages of HCOOH/SiO, over reported reagents in the

' HCOOH/Si10, RR'XCHO
RRXH MW
X:N,O,S
R: alkyl, aryl
R alkyl, aryl, H

Scheme 1
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irradiation.
Entry Substrate Product Time/min Yield/% * Ref.
NH, NHCHO
1 ©/ O/ 3 99 28
NH, NHCHO
2 Q O 1 98 33
Me’ Me’
NH, NHCHO
e o L
MeO MeO
NH, NHCHO
4 C[ ©: 25 9% 28
Cl Cl
NH, NHCHO
O o L.
CF3 CF3
NH, NHCHO
6 O 35 95 -
HoN OHCHN
HyC _NHj HyC _NHCHO
7 I—?gOOH I-?gOOH 4 92 32
) ore (07
8 ? i] 5 98 -
H O\) CHO
s e
OH OCHO
10 g g 1 99 29
Me’ Me’
OH OCHO
11 ﬁ ﬂ 1 100 23
Me! Me!
12 /OAOH /@A"C”O 3 95 30
O,N O,N
13 /O/\OH g°c”° 15 % 23
CI Cl
Cl Cl
Cl ClI
OH OCHO
15 O O O O 2 96 30
OH OCHO
16 OCHECHCHG @»cuzcacm 3 92 27
OH OCHO
17 O/ O/ 10 55 31
OH OCHO
e o7 e s
CI CI
19 >.§:>— >.</:>~ 4 % 27
H OHCO
20 45 94 26
OH OCHO
21 <:>—OH <:>—OCHO 3 20 25
H CHO
23 T ocko ~~oH 35 90 25

40
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Table 1 (continued)

Entry Substrate Product Time/min Yield/% * Ref.
24 Y on Y ook 4 87 24
25 /\/\COH /\/\COCHO 5 75 27
26 O o OO 00m0 10 9% 29
27 A T T 3 94 25
28 6 9% 23

HO' OHCO

SH
30 O/

31 B

32 I

@\owo 10 0 -
O/SCHO

SCHO
0

omes™ ™ 5CHO 10

10 0 -

0 —

@Products were characterized from their physical properties, comparison with authentic samples and by spectroscopic methods.

formylation of benzyl alcohol, menthol and aniline, are shown
in Table 2. These results show that our method is milder than the
other methods.

In conclusion, it was demonstrated that combining SiO, with
microwave energy is an efficient, fast, convenient and easy
workup procedure for the synthesis of N-formyl and O-formyl
compounds. The present method has additional advantages
such as mild conditions, chemoselectivity, good to high yields,
non-corrosive and inexpensive reagents, recycling of the catalyst
and environmentally friendly conditions. Moreover, this protocol
introduces a practical and viable green technology of solvent-
free and catalyst-free reactions.

3. Experimental

IR and NMR spectra were recorded using a Shimadzu 435-U04
spectrophotometer (Kyoto, Japan) (KBr pellets) and a Jeol
90 MHz FT-NMR spectrometer (Tokyo, Japan), respectively.

3.1. Preparation of HCOOH/SiO,
Formic acid (1 mL) was added to 1 g of silica gel (mesh 70-230)
with stirring for 1 min at room temperature.

©NHZ

3.2. General Procedure for Formylation of Alcohols, Thiols
and Aniline Derivatives using TBBDA and PBBS under
Microwave Irradiation and Solvent-free Conditions

Alcohol (or amine) (1 mmol) and the above mixture were
added to a round-bottomed flask (25 mL). The flask was placed
in a bath containing SiO, to enable absorption of additional
microwave irradiation. The flask was irradiated in a microwave
oven (LG Co., Seoul, Korea) 230 V, ~50 Hz, RF output 900 W) ata
power output of 900 W at 110 °C for a certain period of time. The
progress of each reaction was monitored by TLC using
n-hexane:acetone (4:1) as the solvent. After completion of the
reaction the obtained mixture was allowed to cool, eluted with
ethanol and filtered to remove the silica gel. Evaporation of
the solvent under reduced pressure gave the pure product in
excellent yield.

Analytical data for unknown compounds:

Compound (5): IR (KBr): 3210, 2950, 1685, 1600, 1458, 1370,
1250, 1140, 1120 and 1040 cm™; 'H NMR (CDCl, 250 MHz):
0 6.5-7.8 (m, CH aromatic, 4H), 7.8 (b, NH, 1H) and 8.56 ppm
(s, CHO, 1H). Anal. calcd for C;H,F.NO: C, 50.80; H, 3.20; N, 7.41;
found: C, 50.62; H, 3.12; N, 7.28. m/z: 189.

NHCHO
O (98-100%)

HCOOH/SiO,
MW, 2 min
o
OH
©/\ HCOOH/Si0,
MW, 2min

(0%)

: _LOCHO

OCHO
(98-100%)
O/OCHO

(0%)

Scheme 2
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Table 2 Comparison of reaction times and yields using our reagents relative to previously published methods.

Entry Substrate Catalysts Time/min Yield/% Ref.
1 O/\OH HCOOH/SiO, 2 95 -
2 O/\OH TiCL(OTf) 240 83 30
3 O/\ oH K.CoW,,0,,3H,0 60 90 25

OH .
4 O/\ PCLn(Si0,), 20 95 23
5 >I-Q—- HCOOH/SiO, 4 9% -
HO
6 >|-Q— TiCL(OTf) 720 90 30
HO
7 >'<;>— K.CoW,,0,,.3H,0 60 81 25
HO
8 >I-Q— PCLn(Si0)), 60 94 23
HO
NH,
9 ©/ HCOOH/SiO2 3 99 -
NH,
10 ©/ TiCI3(OTS) 720 91 30
NH,
11 O/ PCI3-n(SiO,), 75 92 23

Compound (6): IR (KBr): 3293, 2980, 1690, 1603, 1450, 1377,
1250, 1159 and 1011 cm™; '"H NMR (CDCl, 250 MHz): ¢ 6.8-7.8
(dd, CH aromatic, 4H), 7.9 (b, NH, 2H) and 8.50 ppm (s, CHO,
2H). Anal. caled for C;HN,O,: C, 58.53; H, 4.91; N, 17.06; found:
C, 58.26; H, 4.63; N, 16.85. m/z: 164.

Compound (8): IR (KBr): 1668, 1463, 1378, 1320, 1211, 1121 and
1001 ecm™; 'THNMR (CDCl, 250 MHz): 6 3.46 (s, CH, 24H) and 7.92
ppm (s, CHO, 2H). Anal. calcd. for C ,H,\N,O,: C, 52.82; H, 8.23;
N, 8.80; found: C, 52.89; H, 7.85; N, 8.65. m/z: 318.

Compound (14): IR (KBr): 3094, 2927, 2855, 1730, 1592, 1564,
1475, 1365, 1242, 1161, 1104 and 1004 cm™; '"H NMR (CDCl,,
250 MHz): 6 5.22 (s, CH, 2H), 7.28-8.35 (m, CH aromatic, 3H) and
8.11 ppm (s, CHO, 1H). Anal. caled for C;H,CLO,: C, 46.86; H,
2.95; N, 34.58; found: C, 46.18; H, 2.65; N, 15.06. m/z: 205.

Compound (18): IR (KBr): 3070, 3023, 2845, 1724, 1600, 1565,
1487,1456, 1153 and 1054 cm™; 'THNMR (CDCl, 250 MHz): 6 7.52
(dd, CH aromatic, 4H) and 8.30 ppm (s, CHO, 1H). Anal. calcd.
for C,H,ClO,: C,53.70; H, 3.22; found: C, 53.46; H, 2.98. m/z: 156.
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