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Abstract—Cp2TiMe2 has been found to be a competent catalyst for the intramolecular hydroamination/cyclization of aminoalky-
nes. In the presence of 5.0 mol% Cp2TiMe2, the hydroamination reactions proceed smoothly at 100–110°C to give five- and
six-membered cyclic imines within 4–6 h. After subsequent reduction performed with zinc-modified NaBH3CN at room
temperature cyclic amines can be isolated in good yields. © 2002 Elsevier Science Ltd. All rights reserved.

The addition of ammonia or primary and secondary
amines to alkenes and alkynes offers a very interesting
pathway to amines, imines and enamines by converting
inexpensive alkenes and alkynes into the desired prod-
ucts in a single reaction without any formation of side
products. However, efforts to develop efficient
hydroamination protocols have met with only limited
success,1 except by using early transition metal com-
plexes as catalysts for the hydroamination of alkynes.2

In 1992 Bergman et al. reported that Cp2Zr(NH-2,6-
Me2C6H3)2 catalyzes the hydroamination of various
alkynes with 2,6-dimethylaniline,2a,2b and Livinghouse
et al. demonstrated that CpTiCl3 and CpTiMe2Cl can
be used as catalysts for the intramolecular hydroamina-
tion of aminoalkynes.2d–g However, intermolecular
hydroaminations using these catalysts were not success-
ful. Since 1999 several reports from our group have
dealt with applications of the well known reagent
Cp2TiMe2

3 as hydroamination catalyst.2h–m While this
catalyst has been used extensively for intermolecular
hydroamination reactions of alkynes, it has not been
reported that Cp2TiMe2 can also be used for the syn-
thesis of cyclic amines from aminoalkynes by catalytic

intramolecular hydroamination and subsequent
reduction.4

Inspired by a mechanistic investigation of the
Cp2TiMe2-catalyzed intermolecular hydroamination of
alkynes, which suggested that the rate of related
hydroamination reactions can be increased by an accel-
erated [2+2]-cycloaddition between the catalytically
active titanium imido complex and the alkyne,2j we
focused on intramolecular Cp2TiMe2-catalyzed
hydroamination/cyclization reactions of aminoalkynes
(Scheme 1) because in this case the mentioned [2+2]-
cycloaddition is supposed to be fast.

As substrates we used the aminoalkynes 1–11 (Table 1),
which are easily accessible from commercially available
starting materials by standard transformations.5 Ini-
tially performed 1H NMR experiments employing the
�-aminoalkynes 1 and 2 showed that intramolecular
hydroamination/cyclization reactions in the presence of
5.0 mol% Cp2TiMe2 are in fact fast at 100°C in C6D6.
After only 4 h, 1 and 2 were completely consumed and
transformed into the corresponding cyclic imines in

Scheme 1. One-pot synthesis of cyclic amines from aminoalkynes by Cp2TiMe2-catalyzed intramolecular hydroamination and
subsequent reduction.

Keywords : alkynes; amination; amines; catalysis; titanium.
* Corresponding author. Fax: +49 (0)511 762 3011; e-mail: sven.doye@oci.uni-hannover.de

0040-4039/02/$ - see front matter © 2002 Elsevier Science Ltd. All rights reserved.
PII: S0040 -4039 (02 )00644 -5

mailto:sven.doye@oci.uni-hannover.de


I. Bytschko�, S. Doye / Tetrahedron Letters 43 (2002) 3715–37183716

Table 1. One-pot synthesis of cyclic amines from aminoalkynes by Cp2TiMe2-catalyzed intramolecular hydroamination and
subsequent reduction

a Reaction conditions: (1) aminoalkyne (1.0 mmol), Cp2TiMe2 (0.05 mmol, 5.0 mol%), toluene (0.5 mL), 110°C, 6 h; (2) NaBH3CN (2.0 mmol),
ZnCl2·Et2O (1.0 mmol), THF (5.0 mL), 25°C, 20 h. Yields represent isolated yields of pure compounds as determined by 1H and 13C NMR as
well as GC or TLC analysis.

b The scale of the reaction was 8.0 mmol. No additional toluene was added to the reaction mixture. The product was isolated by Kugelrohr
distillation.
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almost quantitative yield (98%, internal standard
Cp2Fe). In both cases no formation of any side prod-
ucts was observed. These results clearly indicate that in
contrast to intermolecular reactions reported in the
past2h–k Cp2TiMe2-catalyzed intramolecular hydroami-
nation reactions do not require a sterically demanding
amine part of the aminoalkyne to take place efficiently.
With these promising results in hand, we focused on a
one-pot hydroamination/reduction sequence for the
synthesis of cyclic amine derivatives on a preparative
scale. For that purpose, we cyclized 1–11 in the pres-
ence of 5.0 mol% Cp2TiMe2 in toluene at 110°C. After
a reaction time of 6 h a subsequent reduction per-
formed with zinc-modified NaBH3CN6,7 in THF at
room temperature gave access to the desired cyclic
amines 12–22 which were isolated in pure form after
chromatography on silica gel (Scheme 1, Table 1).8,9

The examples shown in Table 1 demonstrate, that
under the employed reaction conditions �- and �-
aminoalkynes can be converted smoothly into five- and
six-membered cyclic amine derivatives. Due to the
mechanism of the reaction the hydroamination step
takes place without any formation of regioisomeric
products. An aromatic ring adjacent to the alkyne can
be electron neutral (entries 1, 8, 11), electron rich (entry
2) or electron deficient (entries 4, 5, 10) as well as ortho
substituted (entries 3, 4, 9, 10). However, as can be seen
from entries 6 and 7 an aromatic ring adjacent to the
alkyne is not required for the hydroamination reaction
to proceed. Interestingly, aromatic halide and methoxy
substituents, which offer the possibility of further trans-
formations, are tolerated under the reaction conditions.
With one exception, the yields are good to excellent for
both the synthesis of pyrrolidine and piperidine deriva-
tives. Only in the case of 6 (entry 6), the product 17 was
isolated in a modest yield. However, the reason for this
might be the low boiling point of 17 and the fact that
17 was isolated by Kugelrohr distillation and not by
chromatography. In contrast to the mentioned results,
the one-pot synthesis of seven- and eight-membered
cyclic amines could not be achieved. Related 1H NMR
experiments performed with corresponding aminoalky-
nes in C6D6 at 100°C proved that the hydroamination/
cyclization reactions are very slow in these cases (yields
<30% after 3 days). Since intermolecular hydroamina-
tion reactions of sterically less demanding n-alkyl-
amines are extremely slow in the presence of
Cp2TiMe2

2h–n no efforts have been made to expand the
Cp2TiMe2-catalyzed intramolecular hydroamination to
larger rings. Finally, we tried to minimize the amount
of the hydroamination catalyst. However, during a
cyclization of aminoalkyne 8 performed in the presence
of 2.0 mol% Cp2TiMe2 at 110°C in C6D6 (sealed
Schlenk tube) the corresponding imine was only formed
in 29% yield after 4 h.

In summary, the results presented clearly indicate that
Cp2TiMe2 is an active catalyst for the intramolecular
hydroamination/cyclization of aminoalkynes. Unfortu-
nately, the employed reaction conditions are relatively
harsh compared to most other catalytic procedures for
intramolecular hydroaminations.4 Therefore, Cp2TiMe2

does not offer significant advantages over other cata-
lysts. However, since it is well established that this
Ti-compound also catalyzes intermolecular hydroami-
nation reactions of alkynes2h–m the present study
undoubtedly proves that Cp2TiMe2 must be recognized
as the most general catalyst for the hydroamination of
alkynes known today. Furthermore, it is extremely
interesting that in contrast to intermolecular reactions,
Cp2TiMe2-catalyzed intramolecular hydroamination
reactions do not require a sterically demanding amine
part of the aminoalkyne to take place efficiently. This
result strongly supports our interpretations of a mecha-
nistic study of the Cp2TiMe2-catalyzed intermolecular
hydroamination of alkynes.2j However, in combination
with an imine reduction, the intramolecular hydroami-
nation reactions can be used for a convenient one-pot
synthesis of cyclic amines from aminoalkynes.
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