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Amines are ubiquitous organic molecules in natural products
and pharmaceuticals! and efficient synthesis of amines is an
important topic in synthetic organic chemistry. Recent efforts
to streamline organic synthesis favors the use of unprotected
molecules in synthetic protocols,”” but amine protection is still
a reliable way to obtain satisfactory yields of the desired
products and unprotected amines are often too reactive to
avoid undesired reactions such as oxidation of amines.

Acyl groups are one of the most useful amine protecting
groups because of their ability to reduce the nucleophilicity of
amines and to prevent undesired side reactions.”! Such
acylated amines (amides) are well utilized in asymmetric
hydrogenation of enamides and kinetic resolutions,” and
the acyl group is often essential for obtaining optically active
amines with excellent enantioselectivity. Acylated amines
were recently used in C—H activation reactions, in which acyl
groups served as an efficient directing group.!’ Although the
synthesis and application of acylated amines has attracted
much attention, removal of the acyl groups from the amines,
that is, amide bond cleavage, has generally not been explored
in detail. Amide bonds are chemically robust because of the
delocalization of the electrons across the amide, and thus
classical hydrolysis of amides generally requires harsh reac-
tion conditions, that is, strong acids or bases at high temper-
ature (Scheme 1, top).”! Such harsh reaction conditions limit
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Scheme 1. Deacylation of amides to amines.

the synthetic potential of acylated amines in terms of the
compatibility of their functional groups. Methods to remove
acyl groups from amides below room temperature have been
developed to overcome this limitation, but stoichiometric
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amounts of moisture-sensitive reagents (oxalyl chloride and
triphenyl phosphite chlorine complex) are required to
activate the amides, and the reaction must be performed
under anhydrous conditions.”) Enzymatic methods, in which
neutral reaction conditions can be used, are another option,
but the high substrate specificity is limiting.®!

Transamidation is the process of transferring an acyl
group from one amine to another (Scheme 1, bottom).”! This
process can be considered amide deacylation to give depro-
tected amines. Because amines are more nucleophilic than
water, transamidation could potentially be performed under
less harsh reaction conditions than hydrolysis, and thus may
be a good alternative for the deprotection of acylated amines.
Despite its high potential to cleave amide bonds with the aid
of amine nucleophiles, transamidation is thought to be
difficult to apply for the deacylation of amides because:
1) traditional transamidation often requires a high temper-
ature because robust amide bonds are cleaved in the
processes, 2) transamidation is an equilibrium process which
provides a mixture of the starting material and product thus
requiring appropriate reaction conditions, and 3) separation
of the liberated amines from the reaction mixture, including
the starting amine, is difficult due to the similar chemical
properties of the amines. Although recent efforts addressed
some of these problems, the resulting transamidations were
mostly limited to the reactions of either primary amides, to
give secondary or tertiary amides with the concomitant
liberation of ammonia, or an intramolecular variant, with
the release of ring strains.'"” Among them, Gellman, Stahl,
and co-workers reported aluminum or zirconium amide
catalyzed intermolecular transamidations of secondary and
tertiary amides, and some even proceeded at ambient
temperature.') Most of the reactions using metal amide
catalysts, however, provide equilibrium mixtures of starting
materials and products. In addition, the metal amide com-
plexes are highly basic and sensitive to acidic functionalities,
which limits their substrate scope. Thus, practical application
of transamidation for the deacylation of amides to amines
requires further development. Herein, we report microwave-
assisted transamidation for deacylation of unactivated amides
to produce a variety of amines using readily available
ammonium salts with ethylenediamine.

We began our investigation of deacylation reactions on
the basis of our recent findings in platinum-catalyzed direct
amination of allylic alcohols.'”! Under reaction conditions for
the direct allylation of amines, transamidation of
N,N-dimethylformamide (DMF) with alkylamine proceeded
to produce dimethylamine as a side product. Thus, we next
evaluated the effective reaction conditions for transamida-
tion. Using N-acetylbenzylamine (1a) and pentylamine (2a)
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as model substrates, we screened various catalysts and
reagents!” and eventually found that an ammonium salt,
a potential side product generated from PtCl, and amine
during the generation of Pt°, promoted transamidation to give
the deprotected benzylamine (3a), albeit in low yield
(Table 1, entry 1). Ammonium salt mediated or catalyzed
transamidations of primary amides to secondary and tertiary

Table 1: Optimization of reaction conditions for deacylation.

o NH,X
)L . amine (1.0 equiv) HoN
Me” "N 2 T
H/\© solvent
80°C, time
1a (1.0 mmol) (4.0 equiv) 3a
" NH, 1=1(2b) H,N
HNTMe 2a) N T2 n=2(20) ]@ (2e)
n=3@d) N
Entry Amine 2 NH,X Solvent t [h] Yield [%]"
1 2a NH,CI none 18 7
2 2b NH,Cl none 18 29
3 2c NH,Cl none 18 10
4 2d NH,CI none 18 8
5 2e NH,CI none 18 n.d.
6 2b NH,Cl EtOH 18 22
7 2b NH,CI toluene 18 12
8 2b NH,Br none 18 36
9 2b NH,I none 18 37
10 2b nBu,NBr none 18 n.d.
114 2b NH,Br none 5 90 (90)
12 2b NH,Br none 5 18
136 2b NH,Br none 24 87
141 2b none none 5 n.d.®

[a] Yield was determined by '"H NMR analysis of the crude reaction
mixture. [b] Not detected. [c] Reaction was performed under microwave
irradiation. [d] Yield of isolated product. [e] Reaction was performed at
100°C.

amides were previously reported,’*!® but, in contrast to our
results shown in entry 1 of Table 1, there was no trans-
amidation of the secondary amides. We next optimized the
reaction conditions.!"”! First, several diamines having different
chain lengths (2b-d) were examined for their ability to act as
a nucleophile, and ethylenediamine (2b) was the most
effective (entries 2—4)," whereas the less nucleophilic
o-phenylenediamine (2e) was not effective (entry5). The
reaction also proceeded in either toluene or ethanol as the
solvent, albeit in lower yields (entries 6 and 7). Examination
of ammonium salts revealed that NH,Br was more effective
than NH,CI, and NH,I was more effective than NH,Br
(entries 8 and 9). Although NH,I gave the highest yield, we
selected NH,Br because it is nonhygroscopic and easy to
handle. The acidic protons of the ammonium salt were
essential because no reaction occurred with tetrabutylammo-
nium bromide (entry 10). Finally, to accelerate the reaction,
we examined the effect of microwave irradiation" and found
that the reaction proceeded quite efficiently to give 3a after
a much shorter reaction time in 90% yield upon isolation
(entry 11), compared to the conventional heating conditions
(entry 12).1 A comparable yield was obtained under con-
ventional heating conditions at 100°C for 24 hours (entry 13).
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No reaction occurred without the addition of the ammonium
salt, even under microwave irradiation conditions (entry 14),
thus clearly indicating that the ammonium salt was essential
for achieving the high reactivity required for transamidation.
Furthermore, isolation of the amine 3a can be realized with
an extractive workup because excess ethylenediamine (2b)
and other side products are soluble in the aqueous layer.

With the optimized reaction conditions in hand, we first
examined the scope of structurally different acylated aliphatic
amines (Table 2). Various acylated primary amines (1a-h)
were deprotected to afford the corresponding amines 3a-h in
good yield upon isolation (entries 1-10). The efficiency of this
reaction was not affected by air and moisture (entry 1). It is
noteworthy that a catalytic amount of NH,Br was also
effective to give amine 3a in 84 % yield (entry2). In the
case of the amide 1b, a typical product in asymmetric
hydrogenation of enamides and kinetic resolutions,™” the
reaction could be used on a 10 mmol scale without difficulty
(entry 4). Unprotected indole (entry 6) and phenol (entry 7)
moieties were tolerated under the reaction conditions, and
tryptamine (3d) and tyramine (3e) were obtained in 81 and
98 % yield, respectively. In addition to the acetyl group, the
propionyl, chloroacetyl, and benzoyl groups in 1f-h were
reacted to afford amines in high yields (entries 8-10). Amides
derived from secondary amines (1i-n) also reacted to give
amines 3i-n in good yield (entries 11-16). It is noted that a
2-pyridinecarbonyl group, a directing group in C—H function-
alization reactions,® was efficiently removed at 60°C after
Shours (entry 14). Formyl and trifluoroacetyl amides of
sterically congested dibenzylamine smoothly reacted to
afford the product 3m in 97 and 86 % yield (entries 15 and
16).

The reaction conditions were next applied to the depro-
tection of a variety of functionalized anilides (4; Table 3).
Anilides with both electron-donating groups (entries 1 and 2)
and electron-withdrawing groups (entries 3-5) were good
substrates under the reaction conditions. Functional group
compatibility was next examined in detail. Protic function-
alities, such as phenol (entry 6), alcohol (entry 7), and even an
unprotected carboxylic acid (entry 8), were compatible under
the reaction conditions to provide the desired anilines 5 f-h in
high yield. Moreover, acid-labile MOM (entry 9), MEM
(entry 10), and THP (entry 11) protecting groups, and base-
labile TIPS and TBS groups (entries 12 and 13) were
tolerated under the reaction conditions. Notably, reactions
of 41 and 4m under conventional acidic or basic hydrolysis
conditions afforded mainly undesired products with concom-
itant removal of the silyl groups, thus suggesting the
superiority of our system.'” Nitrogen-containing function-
alities such as p-toluenesulfonamide (entry 14) and imidazole
(entry 15) were also tolerated.

To demonstrate the utility of the current deacylation
method, we examined reactions of several key acylated amine
intermediates obtained from recent valuable catalytic reac-
tions (Scheme 2). Our results indicated that deprotection of
N-acetyl-1-(1-naphthyl)ethylamine (10), which was obtained
from rhodium-catalyzed asymmetric hydrogenation of enam-
ides,"” proceeded smoothly to give amine 30, a key compo-
nent of Cinacalcet!™™ which is used for the treatment of
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Table 2: Scope of amides derived from aliphatic amines.

o NH,Br
AR, N, 00 R
RN HoN \
'3 microwave R3
R temp., time
1 2b 3a-n
(1.0 mmol) (4.0 equiv)
Entry Amide 1 T t Yield
[°q (] (%]
o)
10 Me)J\H/\Q 1a 80 5 87
2 Ta 90 10 84
O Me
3 Me)l\u/'\© 1b 80 10 93
4 1b 80 10 94
R
5 Me)LH 1c 8 5 89

i /\/\Q
10 1h 90 10 81

(0]
1 Me)LN 1i 80 10 95
Me
x
12 Me @ 1j 70 5

>99
o

13 ©/K® 1k 90 5 94
(e}

14 N 1M1 6 5 91
/N
X
H® N

15 J TIm 80 10 97
o}
F3CJ\N

16 Tn 50 3 86

[a] Yield of isolated products. [b] Reaction was performed under air in the
presence of 1.0 equivalent of H,O. [c] 10 mol % of NH,Br were used.
[d] Reaction was performed on a 10 mmol scale.
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Table 3: Scope of functionalized acetanilide derivatives.

X NH,Br X
(0] (1.0 equiv)
PN /@ NN — ey
Me” N microwave N
H 70°C,5h Ill
4 2b 5a-0
(1.0 mmol) (4.0 equiv)
Entry Acetanilide 4 Yield [%]"
1 4a: X=0Me >99
2 4b: X=NH, >99
3 4c: X=F 97
4 4d: X=Cl >99
5 4e: X=Br 96
6 4f: X=0H >99
7 4g: X=CH,0OH 84
8 4h: X=COOH 81
9 4i: X=0MOM 99
10 4j: X=CH,OMEM 89
11 4k: X=CH,OTHP 93
12 41: X=CH,OTIPS 83
13 4m: X=CH(Me)OTBS 78
14 4n: X=CH,NHTs 92
15 40: X=CH,(1-imidazolyl) 94

[a] Yield of isolated product. MOM = methoxymethyl, MEM = (2-
methoxyethoxy) methyl; THP = 2-tetrahydropyranyl, TIPS =triisopropyl-
silyl, TBS =tert-butyldimethylsilyl, Ts = p-toluenesulfonyl.

o) NH,4Br (1.0 equiv)
)J\ 2b (4.0 equiv)
—_—
Me H Tref. Me microwave  H2N
[15] 80°C, 10 h
*H, 30 (90%)
NH4Br (1.0 equw)
2b (4.0 equlv
MeCN +
ref mlcrowave HoN
[17] 90°C
3p (92%)
NH,4Br (1.0 equiv)
O)L 2b (4.0 equw
SO "
ref. mlcrowave
[18] 50°C,5h
5p (96%)

Scheme 2. Application to deacylation of important amides.

secondary hyperparathyroidism, in 90 % yield. The current
method was also applicable to deacylation of sterically
congested N-acetylamantadine (1p)™”! and N-(2-pyridinecar-
bonyl)indoline (4p),* products from catalytic C—H bond
functionalization reactions, to give amantadine (3p) and
indoline (5p) in 93 and 96 % yield, respectively.

In summary, we developed microwave-assisted transami-
dation for the deacylation of unactivated amides to generate
amines. The reactions proceed at 50-90°C with readily
available ammonium salts and ethylenediamine as reagents
without special care regarding air and moisture. This method
is applicable to a variety of acylated amines and compatible
with a wide range of functional groups, including unprotected
carboxylic acids, phenols, alcohols, and indoles, as well as
acid-labile MOM, MEM, and THP groups, and base-labile
TIPS and TBS groups. Understanding the detailed reaction
mechanism, its application to the synthesis of important
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molecules, and further improvement of the reaction efficiency
are currently underway in our laboratory.

Experimental Section

General procedure for deacylation of unactivated amides to amines:
Ammonium bromide (1.0 mmol), acylated amine 1 (1.0 mmol), and
ethylenediamine 2b (4.0 mmol) were added to 10 mL glass test tube
equipped with a magnetic stir bar, and the tube was sealed with a cap.
The test tube was heated with stirring at the indicated temperature
and time under microwave-irradiation conditions. The crude reaction
mixture was diluted with dichloromethane and the deprotected amine
was extracted with 1M aqueous HCI solution. The aqueous layer was
basified with 1M aqueous NaOH solution and back-extracted with
Et,0. The organic layer was dried over Na,SO,, filtered, and
evaporated to give the amine 3.
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