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CONVENIENT PREPARATION OF BICYCLIC
GUANIDINES

Sergei Usachev and Alexei Gridnev
Institute of Chemical Physics of the Russian Academy of Sciences, Moscow,
Russian Federation

GRAPHICAL ABSTRACT

Abstract New synthesis of 1,5,7-triazabicyclo[4.4.0]dec-5-ene (TBD) was developed from

inexpensive and nontoxic chemicals. Guanidine, cyanamide, or their derivatives are heated

with bis (3-aminopropyl)amine and a strong acid at 140–180 �C for 7–9 h to form TBD in

95–97% yield.

Keywords Bicyclic guanidine; guanidine; synthesis; TBD

INTRODUCTION

Cyclic guanidines are known for their outstanding basicity,[1,2] which makes
them good catalysts in a number of reactions.[3–10] Solid-phase-supported guanidines
have also been employed.[11] However, cyclic guanidines are not readily available.
We were able to find only 1,5,7-triazabicyclo[4.4.o]dec-5-ene (TBD), not other bicyc-
lic guanidines, in a few catalogs, and it cost about $1=g. Cost is a major obstacle to
wide usage of cyclic guanidines.

One of the straightforward and, most likely, most reliable synthesis of TBD
can be found in Ref. 12. The reaction (1) from this reference, is given.

This reaction scheme can be simplified to Eq. (2) if corresponding triamine is
taken instead of propylenediamine.[13]
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Despite good yields, toxic intermediates (thiophosgene and mercaptane), make
this synthetic route not very convenient. Another synthesis of TBD[14] suggests
carbon disulfide to replace thiophosgene; however, the hydrogen sulfide that forms
in the reaction is still quite toxic [Eq. (3)]:

The authors claimed yields of �80%. We tried to reproduce this synthesis and
obtained mostly polyureas with at most �40% of TBD yield. Moreover, TBD was
contaminated with a substantial amount (>40%) of impurities, which were difficult
to remove. Perhaps because of these difficulties other authors[15] used higher
temperatures and different solvents for the reaction (3).

Recent patents[16,17] suggest using cyclic urea derivatives at elevated tempera-
tures or dehydrating agents such as orthosilicates (4):

Another reported interesting approach to the synthesis of TBD is hydrogen-
ation of bis(b-cyanoethyl)amine.[18]

RESULTS AND DISCUSSION

We found that TBD can be made easily and in good yields using a number of
cyanamide and guanidine salts in one step (5):
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Addition of acids (HCl, TsOH, MsOH, and HBr) is essential in up to 1 equiva-
lent of the amount of triamine. Without acids the yield of TBD was �50%, while
under the same conditions in the presence of acids >90% yields are typical. The best
temperature for reaction (5) is >130 �C. Below this temperature, the reaction is slow.
We did not try to find the high-temperature limit because at 150–170 �C very good
yields of pure TBD can be reached.

Apparently, formation of a TBD starts with a substitution of a nitrogen atom
in guanidine with a nitrogen atom from the triamine followed by a number of further
substitutions with formation both TBD and oligomeric products (6):

The major driving force for the reactions (6) is constant removal of volatile
amines from the reaction mixture. It could be ammonia (guanidine) or dimethyla-
mine (tetramethylguanidine). In neutral form, the oligomers are relatively stable.
However, protonated oligomers become labile. In the presence of acids, a number
of cross-substitution reactions occur, leading to the most stable product, which is
TBD salt.

In first-approximation reaction (5) follows first-order kinetics (Fig. 1). Most
likely, first and second substitution are faster than the third substitution, which leads
to a cyclic product because the secondary amino group is involved instead of primary

Figure 1. Kinetics of TBD synthesis at 155 �C followed by NMR. Equimolar amounts of guanidine

hydrochloride and bis(3-aminopropyl)amine, no solvent.
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ones. Most of TBD is obtained in the first 4–5 h of heating. Then the reaction slows
down. Reaction (5) can be easily monitored by ammonia evolution. We obtained
almost quantitative yields at 7–9 h. However, even at 9 h, evolution of ammonia con-
tinues. Inert solvents, for example, triglyme, do not improve the rate of the reaction
much and make isolatiotion of TBD challenging.

TBD salts are liquid at >120 �C and can be potentially used as ionic
liquids. Free TBD can be easily obtained from its salts by treatment with sodium
or potassium hydroxides or alkoholates.

CONCLUSIONS

Condensation of guanidine and cyanamide with bis(3-aminopropyl)amine is a
simple and technologically convenient synthesis of TBD. We believe that bis(3-ami-
nopropyl)amine can be replaced with other triemines so that other cyclic guanidines,
such as 1,4,6-triazabicyclo[3.3.0]oct-4-ene (TBO), can be made utilizing the same
principle, condensation in the presence of strong acids under elevated temperatures.
A noteworthy advance of our synthesis is the vability to reach >95% purity of TBD
in one step without any additional purification. For comparison, few samples of
commercial TBD available for us were found to be less than 80% pure.

In organic synthesis, condensation with amines may lead to oligomers rather
than to a cyclic product. Previously,[19] we reported synthesis of imidazoles via con-
densation of amines with dialdehydes. It was shown that addition of strong acids
drastically improved yields of imidazoles versus polyimines. One may conclude that
acidification could be a general approach to suppress formation of polyimines when
more thermodynamically stable products are desired.

Instead of guanidine and cyanamide, their derivatives can be used for synthesis
of TBD, such as tertramethylguanidine or dicyandiamide, at 75–85% yields, although
no optimization was attempted. In the case of cyanamide, the first step in reaction (5)
is addition of the triamine to the triple bond with formation of guanidine. One may
conclude that all guanidine moiety–containing structures can produce cyclic guani-
dine according to reaction (5). However, melamine was found to be inert. This indi-
cates the importance of good basicity of the ‘‘guanidine’’ component in the reaction.

EXPERIMENTAL

Guanidine carbonate, guanidine hydrochloride (ReaKhim), hydrobromic acid
(ReaKhim), MsOH (methanesulfonic acid), and TsOH (p-toluenesulfonic acid, both
Acros), and triglyme (Aldrich) were used as received. Bis(3-aminopropyl)amine
(Acros) was vacuum distilled prior to use. NMR spectra were recorded using a Jeol
400-MHz instrument.

Guanidine hydrochloride (9.5 g, 0.1mol) and 13.1 g of bis(3-aminopropyl)
amine (0.1mol) in were heated at 155 �C a 100-mL round-bottom flask with slow agi-
tation. After dissolution of guanidine (�20min), gaseous ammonia started to form.
After 7–9 h, the reaction mixture was chilled to 60–70 �C, and 30ml of methanol was
added.

After homogenization, 0.1mol of NaOCH3 solution in methanol was added.
The mixture was evaporated under reduced pressure to remove most of the
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methanol. Then 30ml of methylene chloride was added. Sodium chloride was filtered
off, and methylene chloride solution was evaporated, first in a rotary evaporator,
then under high vacuum (<5 Torr for 1–3 h) at 90 �C. Yield: 12.9 g (93%) of slightly
yellow=off-white soft solid material. 1H NMR (D2O, 400MHz, 25 �C) d 3.207 (t, 4H,
1J¼ 6.0Hz); 3.270 (t, 4H, 1J¼ 6.0Hz); 1.959 (p, 4H, 1J¼ 6.0Hz). Estimated purity is
95–97% as calculated by comparison of TBD resonance at 1.96 ppm versus impurity
signals at 1.84 and 1.7 ppm.

In the case of experiments where TsOH or MsOH acids were used, the acids
were added slowly after guanidine carbonate or cyanamide have been mixed
with triamine. Guanidine hydrobride was made by slow addition of aquavious
hydrobromic acid to guanidine carbonate followed by evaporation under vacuum.
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