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Metal-free synthesis of cyclic di-oxoguanidines via one-pot sequential
transformation of amines, carbodiimides and acyl dichlorides+}
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DOI: 10.1039/c20b2579%h

The one-pot sequential reaction of various amines, carbo-
diimides, and acyl dichlorides has been achieved for the first
time under metal-free conditions to provide symmetric cyclic
di-oxoguanidines via an unexpected 2,2-dichloro-imidazoli-
dindione intermediate. Acyl dichlorides have a dual function:
to serve as the third component and to activate carbo-
diimides. In sharp contrast, the AlMe;-catalyzed sequential
reaction from the same substrates gives the isomer.

Organic synthesis toward cleaner and greener chemical processes
is becoming increasingly important in academia and the pharma-
ceutical industry because of the pressing environmental and
energy problems. An ideal organic reaction should have some
criteria: cheap and easily accessible starting materials, oper-
ational simplicity, high efficiency, energy-saving, catalyst-free,
etc.' Transition-metal-catalyzed multicomponent synthesis or the
one-pot sequential reaction gives impetus to construct efficiently
some important molecules (Scheme 1, Pathway a, i).> However,
subsequent incorporation of the C,.; component to construct
P—C,.; products generally requires more than one step and
needs usually the presence of the second catalyst (Pathway a, i
and ii). The better protocol for the incorporation of the C,,
component is to let the C; to C,,+; components couple in a one-
pot procedure with the participation of the combined Cat.1 and
Cat.2 or new challenging Cat.3 (Pathway b). The combined
Cat.1 and Cat.2 often suffer from catalyst incompatibility, and
this often makes another catalyst deactivated in one-pot. The
optimal protocol is to let the C,+; component activate a certain
component and lead to P-C,.; products without a catalyst
(Pathway c).
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Cyclic guanidines are of great importance in biological and
pharmaceutical compounds® or organic synthesis as base cata-
lysts.* Generally, cyclic guanidines are synthesized by the fol-
lowing methods: (a) cyclization of guanidines;5 (b) cyclization
of vicinal diamines;® (c) cycloaddition of aziridines with carbo-
diimides;’ (d) cycloguanidination of olefins;® (e) and other gua-
nylation procedures.g‘lo These reported methods generally
require metals either as catalysts or in stoichiometric amounts.
Thus, a simpler and general method to synthesize cyclic guani-
dines remains increasingly important in modern synthetic
chemistry.

We are interested in carbodiimide chemistry."' "> Recently
we have reported two-component coupling between amines and
carbodiimides to provide tri-substituted guanidines.'® Although
the metal-catalyzed two-component guanylation reaction of
amines and carbodiimides is a well-established process to
prepare acyclic guanidines,'®'” how the third unknown com-
ponent can be incorporated into the guanylation reaction to con-
struct some important N-containing compounds is a challenging
objective. Therefore, we envisage to conduct multicomponent
coupling reactions among amines, carbodiimides, and the other
components to synthesize N-containing compounds. The paper
provides a new protocol: the third component can activate a
certain component to make all components couple without a
catalyst (Scheme 1, Pathway c). Surprisingly, we find acyl
dichlorides can not only serve as the third component but also
activate carbodiimides to let this sequential reaction among
amines, carbodiimides and acyl dichlorides smoothly furnish
cyclic di-oxoguanidines under the metal-free conditions
(Scheme 2, Type I). In sharp contrast, the AlMes-catalyzed
sequential reaction from the same substrates leads to the for-
mation of the isomer (Scheme 2, Type II).

Cn+1
Cat.1 Cat.2 or Cat. Free
Pathwaya: C4 + C +..+ C, - L —
[0) (ii) }
Cat.1 + Cat.2
Pathway b: C4 +C, +..+ C, + C g or Cat3
Cat. Free T
Pathwayc: C4 +Cy +.+ Cp + C
T "™ This Work
Scheme 1 Incorporation model of the C,.; components. C for com-

ponent, P for product, n > 2.
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Scheme 2 One-pot sequential transformations among amines, carbo-
diimides and acyl dichlorides leading to different types of cyclic di-
oxaguanidines.

Results and discussion

The optimized condition was established through carefully
screening the reaction conditions for a metal-free sequential reac-
tion: treatment of N,N'-diisopropylcarbodiimide (‘PrN—=C=N'Pr,
DIC) with oxalyl chloride at room temperature for 1 h in Et,O
followed by addition of aniline, 2 equiv. of Et;N and THFE
Good conversion was obtained to give the desired cyclic di-
oxoguanidine 1a.

Representative results obtained from the three-component
reaction among various amines, carbodiimides, and acyl dichlo-
rides are summarized in Table 1. Symmetric carbodiimides such
as DIC, N,N'-dicyclohexylcarbodiimide (DCC), N,N'-di-tert-
butylcarbodiimide and unsymmetric carbodiimides such as
‘BuN=C=NEt, PhN=C=NCy could all serve as suitable dual
nitrogen sources to yield the corresponding cyclic guanidines
la—e in moderate to excellent isolated yields. A broad range of
substituted anilines could be used for this three-component reac-
tion to furnish the compounds la-s. Higher temperature was
required for bulky carbodiimides or anilines to yield correspond-
ing products le, 1g and 1h, indicating that steric hindrance on
either carbodiimides or anilines would decrease the reaction rate.
A variety of synthetically important functional groups, such as
terminal alkyne (1i), halogens (F, Cl, Br, and I, 1j-m), alkoxy
(Im), nitro (10), cyano (1p) and carbonyl groups (1q,r), were
tolerated under the present conditions. Heterocyclic amines such
as amino-substituted pyridine (1t) and thiazole (1u) were also
applicable. In addition, aliphatic amines, such as cyclohexyl-
amine (1v) and 1-hexylamine (1w), were also appropriate sub-
strates. Finally, dimethyl malonyl chloride could also serve as
the third component to give cyclic product 1x in 77% yield.

The structure of 1i was confirmed by X-ray single crystal
analysis (Fig. 1). This is in agreement with the "H and '*C NMR
spectra in solution. The 'H and "*C NMR spectra of 1d and 1e,
which  resulted from the unsymmetric carbodiimides
‘BuN=C=NEt and PhAN=C=NCy, suggested the presence of
only one isomer in solution. An X-ray analysis of le revealed
that the bulkier NCy group is placed trans to the aromatic substi-
tuent around the C==N double bond (Fig. 1).

Diamines and triamines were also applicable to this three-
component reaction. In the presence of 4 equiv. of E;N, the
reaction of 1,4 or 1,2-diaminobenzene with 2 equiv. of
‘PPIN=C=N'Pr and oxalyl chloride gave the corresponding
biguanidines 2a and 2b (eqn (1)). Similarly, the reaction of
1,2,4-triaminobenzene with 3 equiv. of PIN=C=N'Pr and
oxalyl chloride yielded the triguanidine 2¢ (eqn (2)). These
multiguanidine-functionalized compounds could serve as useful
templates (or ligands) for the further construction of large
molecules.

Table 1 Formation of various symmetric di-oxoguanidines®’

1) Et,0 R\ P
o o "EG RN
R—NH, + R'-N=C=N—R? + )\M,g L
070 2) 2 EtN N
y THF, o)
n=0or1 rt,12h RY s
Q" QL% QAU
N= ;ﬁ N~ I H ;ﬁ
N o P
ipr Cy
12: 91% 1b: 75% 1c 57%°
Et Ph ipr
QL My ©\\°fl\
N= I N= I N—< I
N o N o
[Bu/ Cy/
1d: 97% 1e: 64% " 1f 99%
Pr. ’Pr ipr.
\N X /©\ \
N= I N—< I N{ :E
2 /N o
'Pr
19: 74%° 1h 67%° 1i: 71%
E )
D n O L
STl
1, 82% " 1k: 95% "1 89%
O,N
L Ay
~ T . H I » N
1m 93% 1n 87% " 10 61%

N=( N
N o) N o N o
/ ; el
i Pr Pr
1p: 71% 1q: 82% 1r: 82%
Pr. = Pr. 2\ Pr.
N \ \
O " T ™o O
— N . S
=L v~ L =T
N"So N" o N" o
pr 1 r/ ’Pr/
1s: 75% 1t 71% 1u: 54%
Hex
o _
H I { i N~
/0
1v 93% 1w 87% 1x: 77%7

“Conditions: carbodiimides (1.0 mmol), acyl dichlorides (1.1 mmol) in
Et,O, room temperature for 1 h, then amines (1.1 mmol), Et;N
(2.0 mmol) and THF were added and stirred for 12 h at room
temperature unless 0therw1se noted. “Isolated yield. “The second step
was performed at 80 °C. “The first step required 12 h.
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Fig. 1 ORTEP drawing of 1e (left) and 1i (right) with 30% thermal
ellipsoids. Hydrogen atoms are omitted for clarity. Selected bond lengths
[A]: 1e: C14-C15 1.526(3), C13-N1 1.419(3), C13-N2 1.258(3), C13—
N3 1.405(3), C14-N1 1.378(3), C15-N3 1.356(3), C14-O1 1.205(3),
C15-02 1.204(3); 1i: C2-C3 1.541(5), C16-C17 1.169(5), C1-N1
1.419(4), C1-N2 1.428(4), C1-N3 1.265(4), C2-N1 1.384(4), C3-N2
1.368(4), C2-01 1.220(4), C3-02 1.217(4).

w3 °
S L

* 1)Et,O,rt.,1h N~
TR IR EE )2—, )\ J\N '
N 2) 4 Et,N, THF SN @ o (1)
o o rt,12h s Pr
9 ’Pr
cl cl 2a: 73% (1,4-position)

2b: 74% (1,2-position)

HoN NH A j P
o
HN NSN
1)ELO, rt, 1h \ )
3/Pr—N=C=N—/Pr —————» P Pr

. 2)6 Et;N, THF e
.
o o rt,12h Pre /\N/
3 »<4 N
c’ ¢l o
o
2c: 46%

(2)

This sequential transformation generates much interest in how
to understand the reaction process. The reaction between DIC
and oxalyl chloride was first tested to afford quantitatively com-
pound 3 at room temperature for 1 h (Scheme 3). Compound 3
was allowed to react with aniline to afford the cyclic guanidine
1a. 1a was detected by in situ NMR before quenching. The for-
mation of 1a could go through the intermediate A.

The results show that acyl dichlorides can efficiently activate
the carbodiimide to provide the highly active 2,2-dichloro-imida-
zolidindione intermediate 3. Formation of this active 2,2-
dichloro-imidazolidindione intermediate is considered to be
essential for realizing such a useful and metal-free three-
component sequential transformation.

For comparison, the cyclization reaction of the pure 1,3-
diisopropyl-2-phenylguanidine with oxalyl chloride in the presence
of 2 equiv. of EtzN was tried to prepare cyclic di-oxoguanidines.
Surprisingly, unsymmetric cyclic guanidine 4a was obtained.
The use of a pure guanidine was not necessarily required for the
above reaction. The in situ generated guanidines by the AlMes-
catalyzed reaction of amines with carbodiimides'®” were allowed
to react with oxalyl chloride in the presence of 2 equiv. of Et;N
at room temperature for 12 h in THF providing efficiently
unsymmetric cyclic guanidines 4a—f (Table 2). Similarly,

Pr PhNH,

XNIO 2 Et;N
N" o

rt,12h
cl Cl Pr
3:>99%

Pr—N=C=N—'Pr
+ Et,O Cl

Q P rt,1h Cl

@U”
N—< I
1aA 91%

-HCI

PhNH,
-HCl

Pr,
\
H
Ph—N><NIO
c’ NTg
iPr
A

Scheme 3 Isolation and reaction of 2,2-dichloro-imidazolidindione
intermediate 3.

Table 2 Formation of unsymmetric cyclic guanidines®”

1) AlMe; (2 mol%)

W
N
CeHg, 1, 1h
L, e el
I 1
L Mn R
2 Et;N, THF,
Cat. AlMe;, rt,12h w4
R\ 4a—g n=0or1
v cly ci
T ) QW
N
QL RN
| (| Et;N  Et;NHCI Et;N EtsNHCI
H H
A B
Pr, Pr.

HI

©¢>

4a: 92% 4b: 96%

Pr.
\N o
/N:<:E
N" o

@@r

Br 4c: 85% 4d: 75%

’Pr\ o]

Cy
S N
N—< I

ARG

NC ge: 73% 4f: 66% Br' 49 78%

“Conditions: carbodiimides (1.0 mmol), anilines (1.1 mmol) and AlMe;
(0.02 mmol) in benzene, room temperature for 1 h, then acyl chlorides
(1.1 mmol), EtzN (2.0 mmol) and THF were added and stirred for 12 h
at room temperature unless otherwise noted. “Isolated yield.

dimethyl malonyl chloride could perform the same reaction,
generating 4g as the cyclic guanidine product. All the 'H and
'3C NMR spectra of 4a—g showed two sets of signals for the ‘Pr.
Cy groups, suggesting that the two alkyl groups in each guani-
dine unit should be in different environments. An X-ray analysis
of 4c¢ revealed that the exocyclic N'Pr group is placed trans to
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Fig. 2 ORTEP drawing of 4¢ with 30% thermal ellipsoids. Hydrogen
atoms are omitted for clarity. Selected bond lengths [A]: C2-C3 1.533(6),
CI-N1 1.423(5), C1-N2 1.247(5), CI-N3 1.427(6), C2-N1 1.365(6),
C3-N3 1.366(6), C2-01 1.199(5), C3-02 1.211(5), C13-Brl 1.910(4).

the N'Pr group on the ring around the C=N double bond
(Fig. 2).

The mechanism for AlMes-catalyzed formation of acyclic
guanidine A was reported in ref. 165. As shown in Table 2, one
acyl group in acyl dichloride is attacked by a lone electron pair
of the C=N double bond in A, leading to the formation of B by
the elimination of EtzN-HCI. Then B undergoes intramolecularly
nucleophilic attack of the lone electron pair of the C=N double
bond towards the other acyl group to provide the unsymmetric
cyclic guanidine 4 with the second elimination of Et;N-HCL

Conclusions

In summary, the metal-free one-pot sequential coupling of
various amines, carbodiimides and acyl dichlorides has been
achieved for the first time, which provides a simple and general
route to cyclic di-oxoguanidines via an unexpected 2,2-dichloro-
imidazolidindione intermediate. Acyl dichlorides serve not only
as the third component but also as the activator of carbodiimides.
This result is quite different from the AlMe;-catalyzed sequential
reaction from the same substrates leading to the isomeric for-
mation of cyclic di-oxoguanidines. Further research on appli-
cation of these di-oxoguanidines is ongoing.
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