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Summary: This work describes a catalytic transamination of
guanidines with a broad substrate scope of primary, secondary,
heterocyclic, aliphatic, and aromatic amines, using 5-10 mol
% of the half-sandwich titanacarborane amide [σ:η1:η5-(OCH2)-
(Me2NCH2)C2B9H9]Ti(NMe2) as catalyst. This reaction tolerates
common functional groups. The reaction mechanism is also
proposed.

The guanidine group is a prominent feature in many biologi-
cally active species.1 A growing number of biologically and
pharmaceutically relevant compounds incorporate the guanidine
functionality. In addition, guanidine derivatives are capable of
exhibiting a variety of coordination modes and a range of donor
properties, leading to compatibility with a wide range of metal
ions from all parts of the periodic table.2,3 As a consequence,
guanidine synthesis has been intensively investigated. Typical
synthetic routes employ the reaction of an amine with an
electrophilic guanylating reagent.4 Recently, the catalytic con-
struction of guanidines via the hydroamination of carbodiimides
has also been reported.5 As a result, a large number of guan-
idines are now available. We wondered whether these guanidines
can be transformed into new ones through catalytic transami-
nation processes in view of the well-established catalytic

transamidation of carboxamides.6 The only known example of
guanidine transamination is the reaction of the homo-trisubsti-
tuted guanidine (iPr-NH)2CdN-iPr with the primary aromatic
amine ArNH2 catalyzed by [(Me2N)C(NiPr)2]2TidN(2,6-
Me2C6H3).5a However, the nature of this metal imide catalyst
limits the reaction scope. Thus, a catalyst with a broad substrate
spectrum of guanidines and amines is needed.

Stimulated by our previous studies on the stoichiometric
[σ:η5-(C9H6)C2B9H10]Zr(NMe2)(DME)-mediated C-N bond
cleavage of the coordinated guanidinate ligand,7 we investigated
the catalytic properties of [σ:η1:η5-(OCH2)(Me2NCH2)C2B9H9]-
Ti(NMe2) (1) in the transamination of guanidine iPr-NdC(NMe2)-
NH-iPr with pyrrolidine, as shown in Scheme 1. In the absence
of 1, no detectable product was observed, even with prolonged
heating at 110 °C. The addition of 10 mol % of 1 led to a clean
transamination, giving quantitatively iPr-NdC[N(CH2)4]NH-iPr
within 40 h.8 The catalytic reaction of iPr-NdC(NMe2)NH-iPr
with the less volatile aniline in an open system (i.e., the
generated Me2NH was removed from the reaction mixture in
refluxing toluene) resulted in a complete conversion within 30 h.
A much longer reaction time (80 h) was required in a sealed
NMR tube to achieve a quantitative conversion. On the other
hand, treatment of iPr-NdC(NnPr2)NH-iPr with 4 equiv of
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Scheme 1. Typical Transamination Reaction
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pyrrolidine in a sealed NMR tube gave the transamination
product in ∼60% yield, even after heating at 110 °C in benzene-
d6 for 240 h. These results suggest that the removal of volatile
Me2NH can shift the equilibrium to the right-hand side,
facilitating the transamination process. We then extended the
substrates to include other amines. The corresponding results
were compiled in Table 1. Except for Et2NH and nPr2NH (entries
10, 11, and 18), the yields are almost quantitative, spanning a
broad scope of primary, secondary, heterocyclic, aliphatic, and
aromatic amines. It is noted that the trisubstituted guanidines
are much more stable than the tetrasubstituted ones in this
reaction system. No further transamination reaction of the
products was observed in entries 1-6 and 12-14, as indicated
by 1H NMR. The catalyst can also tolerate functional groups
such as methoxyl and bromo.

The reaction mechanism of the aforementioned transamination
is obviously different from that of the titanium imide catalyzed
system, in which the regeneration of the TidN moiety is
essential.5a To gain some insight into the reaction pathway, the
following reactions were examined.8 A complete amine ex-
change reaction of 1 with excess pyrroline was observed by 1H
NMR at room temperature within 1 h.8 The exchange reaction
between 1 and primary aromatic amines to give new amides
(not imides) was previously reported.9 The NMR experiments
also showed that 1 reacted with excess iPr-NdC(NMe2)NH-iPr
to afford free dimethylamine and [σ:η1:η5-(OCH2)(Me2NCH2)C2-
B9H9]Ti[η2-(iPr-N)2C(NMe2)], which was stable at 110 °C in a

sealed NMR tube in the presence of excess guanidine.8 On the
other hand, a ∼40% exchange product was achieved from an
equimolar reaction between [σ:η1:η5-(OCH2)(Me2NCH2)C2-
B9H9]Ti[η2-(iPr-N)2C(NMe2)] and iPr-NdC[N(CH2)4]NH-iPr at
110 °C in a sealed NMR tube for 4 h,8 as indicated by 1H NMR.
These results clearly suggested the presence of exchange
reaction between guanidine and Ti amide or Ti guanidinate.

Given these observations, a catalytic cycle for the transami-
nation of guanidines is proposed in Scheme 2. Complex 1
undergoes amine exchange with R′′ 2NH to give the amide
species A.8 The acid-base reaction of 1 or A with guanidine
R-NdC(NR′2)NH-R (2) results in the formation of Ti guanidi-

(9) Shen, H.; Chan, H.-S.; Xie, Z. Organometallics 2007, 26, 2694–
2704.

Table 1. Catalytic Transamination of Guanidines with Aminesa

a Reaction conditions unless otherwise specified (not optimized): 1/4 guanidine/amine (mol/mol), 10 mol % of 1 in 0.5 mL of benzene-d6 at 110-115
°C in a sealed NMR tube. b Yields determined by integration of 1H NMR relative to internal standard of ferrocene; isolated yield in parentheses from
scale-up reactions. c 5 mol % of 1. d 15 equiv of amine. e Cy ) cyclohexyl.

Scheme 2. Proposed Catalytic Cycle
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nate B to enter the catalytic cycle.8,10 Isomerization of B to
C,3f followed by C-N bond cleavage,7 which is promoted by
heat, forms D. An amine exchange reaction releases R′2NH and
generates D′. Insertion of carbodiimide into the Ti-N bond and
isomerization of C′ affords B′.9 Guanidine exchange between
B′ and 2 affords the product R-NdC(NR′′ 2)NH-R (4) and B to
complete the cycle.8 It is noteworthy that the formation of a Ti
imido complex can be ruled out, as the trianionic ligand
[(OCH2)(Me2NCH2)C2B9H9]3- does not support such a metal
imido complex.

In summary, we report a titanacarborane amide catalyzed
transamination of guanidines with a broad substrate scope of
primary, secondary, heterocyclic, aliphatic, and aromatic amines.

This new catalytic system proceeds via pathway completely
different from that reported.5a Studies on guanidine metathesis
are ongoing.
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