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Abstract—The formyl group was successfully removed from N-aryl formamide by KF on a solid support of basic Al,O5 in 4-20 min
with microwave irradiation. The conditions mimic base-catalyzed hydrolysis of formamide and are compatible with carbamates and

t-butyl esters, but not methyl, ethyl, and benzyl esters.
© 2007 Elsevier Ltd. All rights reserved.

To avoid over-alkylation in direct alkylation of primary
amines or to facilitate alkylation of weak nucleophilic
aromatic amines, formyl group has been used as an acti-
vating/protecting group during the synthesis of second-
ary amines.! However, it has been limited from wide
use due to the harsh conditions needed to remove the
formyl group. In our work, we needed to alkylate 4-nit-
roaniline (1) to obtain N-(4-nitrophenyl)glycine ¢-butyl
ester (2a). Due to the reduced nucleophilicity of the aro-
matic amine by the electron withdrawing nitro group at
the para position, direct alkylation with an alkyl halide
such as #-butyl bromoacetate was not possible. To facil-
itate alkylation, we introduced a formyl group on the
aromatic amine in the form of formamide as in 3. The
amide hydrogen was subsequently removed by a strong
base and the resulting amide nitrogen anion readily
underwent an Sn2 displacement of the bromide in #-but-
yl bromoacetate to give N-formyl-N-(4-nitrophenyl)gly-
cine z-butyl ester (4a), which, upon removal of the
formyl group, would afford the desired product 2a
(Scheme 1). Thus, the formyl group here acts as an acti-
vating group of aryl amine for alkylation. Known meth-
ods for removal of the formyl group include reflux in a
strong basic solution of sodium hydroxide!' and treat-
ment with a strong acidic solution of HCI®!® or
TFA.!' However, these conditions are too harsh for
functional groups such as the z-butyl esters and carba-
mates. This prompted us to develop a more efficient
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Scheme 1. Formyl group used as an activating group for alkylation.

method for the removal of the formyl group under mild
conditions.

Due to the convenience and high efficiency of microwave
irradiation, microwave-assisted organic synthesis has
seen wide application since the mid-1980s.'>!* Micro-
wave irradiation is cleaner and provides more efficient
heating than the conventional oil bath or heating mantle
and the desired temperature can be reached within sec-
onds. In addition, microwave-assisted reactions can be
carried out under solvent-free conditions and often
performed on a solid support, providing opportunities
to explore new chemistry under neat ‘Green’ conditions.

Basic aluminum oxide has been used as a solid support
for reactions such as N-acylation,'4 organometallic cou-
pling,'>!® and Suzuki coupling.!” However, when used
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alone, basic aluminum oxide failed to efficiently remove
the formyl group from N-methyl-N-(4-nitrophenyl)-
formamide (5), a model compound we selected to test
the deformylation conditions. As shown in Table 1,
deformylation with microwave heating for 4 min in the
presence of basic Al,O5 alone gave only 46% of the de-
sired amine (entry 1). Based on an earlier report that the
addition of KF to Al,O3 helped cleave sulfonates and
sulfonamides,'® we added 1 equiv of KF relative to the
formamide and the deformylation yield was improved
to 54% with the same 4 min of microwave irradiation
(Table 1, entry 2). Increasing the amount of KF from
1 equiv to 2 and 3 equiv increased the yield of deformyl-
ation to 79% and 97%, respectively, with 4 min of
microwave irradiation (Table 1, entries 3 and 4). Thus,
the combination of KF with basic Al,Oz and microwave
irradiation worked well to remove the formyl group
from N-aryl formamides.

We also evaluated and found that other salts, such as
CsF, NaF, KCI, KBr, and KI, could catalyze the re-
moval of the formyl group from 5 in good to excellent
yields (Table 1, entries 5-9). Apparently, KI, NaF,
and CsF have similar catalytic activity as KF in the case
of deformylation of 5 (Table 1, entries 7, 8, and 9 vs 4).
The nitro group at the para position in 5 increased the
electrophilicity of amide carbonyl through the conjuga-
tive system and, thus, the reactivity of the formyl group
is relatively high, making it difficult to differentiate the
effectiveness of the most active inorganic salts. When

N-methyl-N-phenyl formamides were substituted with
an electron donating group or a group that is less elec-
tron withdrawing at the para position of the phenyl ring
(e.g., 6 and 8), the effect of KI and NaF was significantly
differentiated from that of KF and CsF. Deformylation
of N-methyl-N-(4-chlorophenyl)formamide (6) in the
presence of 12 equiv of KI or NaF with 20 min of micro-
wave irradiation gave the desired amine in only 24% and
80% yield, respectively (Table 1, entries 12 and 13) as
compared to 94% and 93% yield when KF and CsF were
used (Table 1, entries 11 and 14). These results indicate
that the rate of deformylation increases with increasing
strength of Lewis basicity of the inorganic salts used.
Both KF and CsF were equally effective as a catalyst
in deformylation. As KF is cheaper and more commonly
used than CsF, we selected KF as the catalyst in our fur-
ther study of the microwave-assisted deformylation.

Various substitutions on the phenyl ring were also used
to explore the electronic effects of the substituents on the
rate of microwave-assisted deformylation. For N-
methyl-N-phenyl formamides with electron donating
groups on the phenyl ring, the deformylation was much
slower even in the presence of 3 equiv of KF. The yield
improved with increased amount of KF and increased
time of microwave irradiation (Table 1, entries 10 vs
11, 15 vs 16, 17 vs 18). As the para substituent was chan-
ged from Cl to the more electron-donating group CH;O,
the reaction was slow even in the presence of 12 equiv of
KF and the yield of the deformylation was only 44%

Table 1. Effects of phenyl substitutions and the inorganic salts on the reaction time and yield of deformylation®

gHo H
N‘R‘ Microwave N‘R'
: reagent/Al,O3 (basic) :
R R
5-9
Entry Starting material R R’ Reagent® on Al,O; Time (min) Yield® (%)
1 5 NO, CH; None 4 46
2 5 NO, CH; 1 equiv KF 4 54
3 5 NO, CH3; 2 equiv KF 4 79
4 5 NO, CH; 3 equiv KF 4 97
5 5 NO, CH3; 3 equiv KCl 4 83
6 5 NO, CH; 3 equiv KBr 4 71
7 5 NO, CH3; 3 equiv KI 4 99
8 5 NO, CH; 3 equiv NaF 4 90
9 5 NO, CH3; 3 equiv CsF 4 97
10 6 Cl CH; 3 equiv KF 20 35
114 6 Cl CH, 12 equiv KF 20 94
12 6 Cl CH3; 12 equiv KI 20 24
13 6 Cl CH3; 12 equiv NaF 20 80
14 6 Cl CHj; 12 equiv CsF 20 93
15 7 H CH; 3 equiv KF 20 0
16¢ 7 H CH; 12 equiv KF 20 76
17 8 CH;0 CH; 12 equiv KF 20 44
18 8 CH;0 CH; 30 equiv KF 20 75
19 9 Cl H 12 equiv KF 20 66

# General conditions: Formamide (0.03 mmol) on Al,O3 (0.21 g) in the absence or presence of an inorganic reagent as a catalyst was heated with

microwave irradiation for the given time period.

® Equivalents of inorganic reagent relative to the formamide starting material.

¢ Conversion yield as monitored by LC-MS.

41In addition to the 0.03 mmol scale, formamides 6 and 7 were also deformylated on a larger scale of 2 mmol with 14 g of Al,O5 in the presence of
12 equiv KF to give 96% and 80% isolated yields, respectively, of the desired deformylation products.
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after being heated in the microwave for 20 min (Table 1,
entry 17). Increasing the amount of KF to 30 equiv im-
proved the yield of deformylation to 75% (Table 1, entry
18). These electronic effects of aromatic substituents and
the correlation of catalyst activity with Lewis basicity
suggest that the deformylation with KF on the surface
of Al,O3 goes through a mechanism of base-catalyzed
hydrolysis.

It should be noted that alkylation on the formamide
nitrogen also facilitated the removal of formyl group un-
der our conditions. For example, microwave irradiation
of 4-chlorophenylformamide (9) for 20 min in the pres-
ence of 12 equiv of KF on Al,O3 gave a deformylation
yield of 66% whereas irradiation of the corresponding
methylated analog 6 gave a 94% yield of the desired
product under the same conditions (Table 1, entries 19
vs 11). This enhanced rate of deformylation upon alkyl-
ation could be explained by the removal of the acidic
hydrogen that would otherwise exist in secondary
amides and hinder any nucleophilic attack on the amide
carbonyl.

Upon optimization of the reaction conditions, we devel-
oped the following general deformylation procedure.
Al,O3 (0.21 g for every 0.03 mmol of starting formam-
ide) was first mixed with an aqueous solution of KF
(3 equiv to formamide) in a volume sufficient to fully
cover the solid support surfaces (in our case, 180 uL of
0.5M KF in H,0).!"” The mixture was mixed well by
vortexing and most of the water was removed in a
loosely-capped vial by heating in a microwave oven
(GE, 700W, 2 x4 min). The starting formamide was
loaded onto the solid support as a solution in methylene
dichloride or acetone. After thorough mixing by vor-
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texing, the solvent was removed by blowing with N,
or by a rotavap depending on the scale. The resulting
solid mixture was then heated in a loosely-capped vial
with a domestic GE microwave oven (700W).2° The
heating was stopped every 4 min to allow monitoring
of the reaction using LC-MS. Aliquots of the mixture
(2 mg) were taken and extracted with a mixed solvent
of acetonitrile/water (1:1, 100 uL) for analysis. Upon
completion of the reaction, the products were washed
off the solid support with EtOAc/CH;CN (1:1). After
removal of the solvent via rotavap, the products were of-
ten sufficiently pure without the need for further purifi-
cation. For reactions that were terminated before
completion, flash column chromatography was used to
purify the product. The reactions can be scaled up to
at least 2 mmol scale without affecting the yield of
deformylation (Table 1, note d).

The above general procedure was applied to several
formamide substrates designed to explore the functional
group compatibility of the deformylation conditions. As
shown in Table 2, the conditions worked well on our
formamide 4a and efficiently removed the formyl group
to give the desired product 2a in 98% yield with the
bulky 7-butyl ester unaffected (entry 2). However, when
formamides containing simple esters like methyl, ethyl,
or benzyl esters were used, two other products were
found resulting from an additional ester hydrolysis reac-
tion. With formamide containing a methyl ester, the
major product was the N-(4-nitrophenyl)glycine (11),
resulting from both deformylation and ester hydrolysis,
with 5% still retaining the formyl group (Table 2, entry
3). When formamides containing ethyl and benzyl esters
were used, ester hydrolysis remained as a major concur-
rent reaction (Table 2, entries 4-6). These results suggest

Table 2. Microwave-assisted deformylation of substrates containing esters and carbamates®

Entry Starting Scale Time Yield®
material (mmol) (min) (%)
QHO (0] H (@] (l)HO (0] H (0]
N N N N
o e e
ON 4a-d ON 2a-d ON 10 0N 11
1 4a: R = C(CH,); 0.10 4 73(2a) 0 0
2 4a: R = C(CHj;); 0.10 8 98 (2a) 0 0
3 4b: R = CH, 0.03 4 0.7(2b) 5 94
4 4c: R = C,H; 0.03 4 14 (2¢) 19 63
5 4d: R = CH,Ph 0.03 4 21 (2d) 29 23
6 4d: R = CH,Ph 0.03 8 18 (2d) 32 32
ﬁHo i N i EHO H\/\NH
\/\H OR \/\H OR /@/ \/\NH2 /©/ 2
O.N
ON 12a-b ON 13a-b ON 14 15
7 12a: R = C(CHs3); 0.14 8 97 (13a) 0 0
8 12b: R = C,H; 0.11 12 92 (13b) 0 0

# General conditions: Formamide on Al,O3 (0.21 g per 0.03 mmol of formamide) in the presence of 3 equiv of KF was heated with microwave

irradiation for the given time period.
® Conversion yield as monitored by LC-MS.
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that simple esters are more readily hydrolyzed than the
formamide group under these conditions. We also
selected two carbamates (12a-b) to test the compatibility
of these conditions with carbamates. Microwave heating
of compounds 12a and 12b for § and 12 min exclusively
gave the desired deformylated product 13a and 13bin a
conversion yield of 97% and 92%, respectively (Table 2,
entries 7 and 8). No hydrolysis of the carbamates was
observed.

In conclusion, a set of microwave-assisted deformyl-
ation conditions were developed to efficiently remove
the formyl group from N-aryl formamides using basic
Al,O3 as the solid support and KF as the catalyst. Car-
bamates and bulky 7-butyl esters were not affected while
simple esters were hydrolyzed under these conditions.
This method should be useful in organic synthesis, espe-
cially for the synthesis of electron-deficient secondary
aromatic amines.
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