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Facile preparation of N-protected 2-alkylidene-1,3-imidazolidines
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Abstract

Stereoselective preparation of unsymmetrically protected 2-alkylidene-1,3-imidazolidines was achieved by the reaction of N,N0-
protected ethylenediamine, bromopropynamide, and K3PO4 in hot DMF. When N-protected aminoethanol was used in place of the
protected ethylenediamine, an oxazolidine derivative was produced.
� 2008 Elsevier Ltd. All rights reserved.
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Alkylideneimidazolidines of structure 31 are conve-
niently prepared by the conjugate addition of 1,2-diamines
1 to bromopropiolic acid derivatives such as 2 as shown in
Scheme 1, while preventing the formation of the tautomeric
isomer 4.2 As the compounds represented by 3 have active
hydrogens on the nitrogen atoms, their N-protection is
often required to prevent complications in further synthetic
transformations.3 However, their efficient and full protec-
tion is rarely documented.4 A critical issue in selective pro-
tection is to discriminate between the two amine moieties
cis and trans to the carbonyl group. Here we report that
a suitably protected diamine 5 can be used instead of the
amine 1 itself for the direct preparation of the protected
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imidazolidines 7, even for that of unsymmetrically pro-
tected ones, as formulated in Scheme 2. This method has
an additional advantage that the product is free from con-
tamination with its double-bond regioisomer, as shown in
Scheme 1.

In the above transformation, whether a bis-protected
diamine 5 shows sufficient nucleophilicity to the bromopro-
piolic acid derivative 6 appears to be a serious problem,
because protection of an amine usually decreases its nucleo-
philicity and also retards its reactivity as a result of steric
hindrance of the protective group(s). We were discouraged
by the fact that the reaction of N,N0-diacetyl-1,2-ethylene-
diamine (8) and ethyl bromopropiolate or N,N-diethyl-
bromopropynamide (9) (see Table 1, entry 1) did not give
the desired product. However, we soon realized the impor-
tance of the nature of the protecting group on the diamine
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Table 1
Preparation of 2-alkylidene-1,3-imidazolidinesa

N

N

CONR2

PG2

PG1

NHPG1

NHPG2
CONR2Br+

K3PO4 (2 equiv)

DMF, 70 ~ 100 ˚C(1.1 equiv)

Entry Diamine Bromopropynamide Temperature (�C) Period (h) Product Isolated yieldb (%)

NHPG

NHPG
N

N

CONEt2
PG

PG

1 PG = Ac (8) CONEt2Br (9) 100 7 PG = Ac (0)
2 Boc 9 100 7 Boc (5)
3 Ms 9 100 7 Ms (19)
4 Tf (10) 9 100 7 Tf (11) 33
5 Ts (12) 9 100 0.5 Ts (13) 69
6 Ts (12) 9 100 7 Ts (13) 70

7 12 (14)CO2EtBr 100 7
N

N

CO2Et
Ts

Ts

(15)c 44

8 12 CONBn2Br (16) 100 7 N

N

CONR2

Ts

Ts

NR2
= NBn2 (19)

85d

9 12 (17)Br
O

N
100 7 -N (20) 91

10 12 (18)Br
O

N

O

100 7 -N O (21) 82e

11

NHTs

NHBoc
(22) 9 70 0.5 N

N
Ts

CONR2

Boc
NR2 = NEt2 (23)

68f

12 22 16 70 0.5 NBn2 (24) 66

13 22 17 70 5 -N (25) 60

14 22 18 70 5 -N O (26) 63

a Abbreviations: DMF = N,N-dimethylformamide, Ac = acetyl, Boc = t-butyloxycarbonyl, Ms = methanesufonyl, Tf = trifluoromethanesulfonyl,
Ts = p-toluenesulfonyl (tosyl), Bn = benzyl.

b Yields determined by 1H NMR are in parentheses.
c For structural determination, see Ref. 5.
d 16 (2.0 equiv) was used.
e 18 (1.0 equiv) was used.
f For the E stereochemistry of the olefin, see the text.
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(entries 1–6) and we determined that bis-tosyl-protected
diamine 12 is the substrate of choice for the transformation
of Scheme 2 (entry 6).6 Other optimized reaction conditions
are the use of K3PO4 and DMF as the base and solvent,
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respectively (see the equation in Table 1). A reaction period
as short as 0.5 h is satisfactory (cf. entries 5 and 6), but
longer times, up to 7 h, were generally used to ensure the
completion of the reaction. Bromopropynamide 9 is a
better acetylenic substrate than the corresponding ethyl
ester 14 (entry 7). With this combination of substrates
and reaction conditions, the desired product 13 was
obtained in 70% yield. Under similar reaction conditions,
other propynamides 16–18 afforded the desired products
19–21 in good yields (entries 8–10).7

Although the tosyl protection of the diamine, such as in
12, proved to be essential for the success of the reaction, we
found that both tosyl groups in 12 are not necessary. Thus,
a mono-tosylated diamine having another protective group
still effected the desired reaction. For instance, Ts- and
Boc-protected diamine 22 afforded the desired product 23

in a satisfactory yield and, surprisingly, as a single stereo-
isomer (Table 1, entry 11). The stereochemistry of its olefin
moiety was assigned as E by a NOESY experiment that
showed the correlation between the vinyl proton and
ortho-protons of the Ts group. Similarly, unsymmetrical
imidazolidines 24–26 were prepared from the correspond-
ing bromoacetylenic amides 16–18 (entries 12–14).7,8

This reaction should proceed according to Scheme 3.
The sulfonamide moiety of 27, under any condition, takes
part in the first conjugate addition/elimination sequence to
produce b-(sulfonylamino)propynamide 28. The second
intramolecular addition of another amido group in 28

forms enolate 29–31, protonation of which most likely
determines the stereochemistry of the product to produce
sterically less hindered 32 (X = Boc).

The reaction course shown in Scheme 3 suggests that the
second nucleophilic addition (i.e., from 28 to 29) might be
feasible with other heteroatom functional groups. This
expectation was realized when N-tosylated aminoalcohol
33 entered the reaction to produce oxazolidine derivative
34 in excellent yield as a single isomer (Scheme 4).9 Its
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olefinic stereochemistry was assigned as Z by a NOESY
experiment.10

In summary, 2-alkylidene-1,3-imidazolidines were con-
veniently prepared from suitably protected 1,2-diamines
and bromoproynamides. Further investigation of synthetic
applications of this reaction and its products is now under
way.
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