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Abstract: We are exploring the reactions of transition metal-stannylamine adducts in hopes of preparing novel
polynuclear metal-nitride clusters. Initial results indicate that our Mn- and Co-adducts may react further to produce
metal-nitride species, but more work is needed to identify the products. In addition, reactions of vanadium and
titanium with tris(trimethyl)stannylamine are discussed.

Introduction:

Our research focuses on developing new syntheses
for functional inorganic materials. Specifically, we
are interested in metal-nitride materials that could
have applications in many fields, including data
storage, molecular electronics, biomedical imaging,
and solar energy conversion.1 We are at an
exploratory phase of the project, in which we are
testing various methods of condensing metal-amine
adducts by using heat, oxidizing agents, and chloride
abstracting agents. Because these complexes are
novel, a good deal of trial and error is necessary to
elucidate their synthetic pathways.  While the metal
nitride complexes  are of interest for their structure
and bonding interactions, they have the potential to
serve as benchtop precursors to nanoclusters with
new and unique properties.

Metal-nitride complexes are typically air- and
water-sensitive, and, thus, there has been much less
work in this area compared to metal-oxide
complexes. A promising synthetic pathway to the
nitride complexes is via reaction of metal chloride
complexes with tris(trimethylstannyl)amine. Bennett
and coworkers have demonstrated that synthesis of
several stannylamine complexes and polynuclear
metal-nitride complexes.2 We are continuing the work
of her student and others in our group in exploring
the condensation of the adducts [Cl3Mn-N(SnMe3)3]-,
where M = Mn and Co.3 In theory, these adducts can
react with each other to create polynuclear
metal-nitride species.

Herein, we will discuss our attempts to condense
these adducts using heat, oxidants, and chloride
abstraction agents.

The work of Bennett and Holm demonstrated that
transition metals with oxidation states above two can
self-assemble into large metal-nitride complexes.
Thus, we explored the reactivity of titanium and
vanadium species with tris(trimethylstannyl)amine.
Our work has been successful in preparing the metal
chloride species necessary for the reactions and has
not yet generated any new nitride complexes.

Experimental Section:

Preparation of Compounds. The compounds
(Pr4N)2[Co2Cl6], (Pr4N)2[Mn2Cl6],
(Pr4N)[Cl3Co-N(SnMe3)3],
(Pr4N)[Cl3Mn-N(SnMe3)3], and [VOCl2(thf)2] were
prepared as described previously.3,4 All manipulations
and reactions were performed in a nitrogen-filled
glovebox unless noted.

(Pr4N)2[Co2Cl6]. This reaction was carried out as
described previously, except that it was scaled up to
produce large amounts of product. This was done by
reacting 3 mmol of Pr4NCl with 3 mmol of CoCl2

dissolved in 20-30 mL of acetone to afford 0.878g of
crystalline product.

(Pr4N)[Cl3Co-N(SnMe3)3] (1). See  Bronze’s
notebook (JB-2, JB-7, and JB-12) for details.

JB-2 included reacting 0.21 mmol of (Pr4N)2[Co2Cl6]
with 0.42mmol of  N(SnMe3)3 dissolved in 2-3 mL of
THF. Forming 0.1616 g of crystal adduct.

JB-7 included the reaction of 0.21 mmol of
(Pr4N)2[Co2Cl6] with 0.42 mmol N(SnMe3)3 dissolved
in roughly 8 mL of DCM. Forming 0.941g of crystal
adduct.



JB-12 included the reaction of 0.21 mmol of
(Pr4N)2[Co2Cl6] with 0.42 mmol of  N(SnMe3)3
dissolved in 2-3 mL of THF. Forming 0.229 g of
crystal adduct.

Figure 1. An ORTEP diagram of the adduct
[Cl3Co-N(SnMe3)3]-.

Further Reactions with Cobalt Adduct. Attempts
to condense the cobalt adducts involved reactions
with oxidants,  silver reagents, and thermolysis.

(Pr4N)[Cl3Co-N(SnMe3)3] + AgSbF6 (2). This
reaction involved reacting the cobalt adduct with a
silver oxidizer called silver hexafluoroantimonate.
Procedures for these attempts are located in JB-13
and JB-14. Each attempt used different ratios of
reactants (1:1 and 1:3, respectively) to determine
whether more of one substance was needed for the
reaction to occur.
JB-13 included a reaction of 0.0292 mmol of
(Pr4N)[Cl3Co-N(SnMe3)3] with 0.0292 mmol AgSbF6

dissolved in 2-4 mL of 2THF.
JB-14 included a reaction of 0.0292 mmol of
(Pr4N)[Cl3Co-N(SnMe3)3] with 0.0876 mmol AgSbF6

dissolved in 2-4 mL of THF.

(Pr4N)[Cl3Co-N(SnMe3)3] + AgBF4 (3). Reacting the
cobalt adduct with the oxider silver tetrafluoroborate.
Using a 1:1 ratio dissolved in THF.
JB-15 included reacting 0.0291 mmol of
(Pr4N)[Cl3Co-N(SnMe3)3] with 0.0294 mmol of
AgBF4 dissolved in 2-4 mL of THF.

(Pr4N)[Cl3Co-N(SnMe3)3] + ferrocenium
hexafluorophosphate (4). An attempt to react the
cobalt adduct with the oxidizer ferrocenium
hexafluorophosphate was dissolved in THF with a
1:1.1 ratio of the reactants. No crystals were formed
from the products..

JB-16 included the reaction of 0.0291 mmol of
(Pr4N)[Cl3Co-N(SnMe3)3] with 0.03201 mmol of
ferrocenium hexafluorophosphate dissolved in THF.

Solubility Testing of Cobalt adduct. A different
path of further reaction of the cobalt adduct was
formulated. The first step was to determine which
solvents most efficiently dissolved the adduct. The
solvents tested were DCM, THF, DME, and
acetonitrile. Table 1 represents the outcomes of this
test.
Table 1. Solubility testing of Cobalt Adduct

Solvent Dissolves? Amount
needed to
dissolve a few
crystals

THF Well/quickly 1-2 mL

DCM Well/quickly 1-2 mL

DME Not good/very
slowly

8+ mL

Acetonitrile Slowly 8+mL

Heating of Cobalt Adduct in THF. After
determining that THF and DCM were good solvents
for the cobalt adduct, the solution of these two were
heated to observe any changes. This procedure is
found in JB-19, using 2.1 ×10-5 mmol of
(Pr4N)[Cl3Co-N(SnMe3)3] dissolved in 1-2 mL of
THF. After heating the solution to the boiling point of
THF (66 ℃), it was observed that it changed from a
light blue color to a greenish color. After another
thirty minutes, it changed to a brown color with the
formation of a small amount of precipitate. After a
few days, it turned to a black cloudy solution.

Heating of Cobalt Adduct in DCM Part 1. A
similar process as above was carried out using DCM.
This procedure is found in JB-20 and JB-22. JB-20
was the trial run to see if any physical observations
could be made when heating 2.1 ×10-5 mmol of
(Pr4N)[Cl3Co-N(SnMe3)3] dissolved in 1-2 mL of
DCM to the boiling point of DCM (39.6 ℃). After an
hour of heating, no change was observed. The next
day, the solution had turned to a greenish color which
became greener by the next day.



Heating of Cobalt Adduct in DCM Part 2. We
repeated the experiment, but followed the reaction by
using a spectrophotometer. The procedure followed
JB-22. These results are shown in Figure 2. These
results will be discussed in the discussion section.

Figure 2. UV-VIS results during heating process of
Cobalt adduct dissolved in DCM

Solubility of Manganese Adduct. The solubility of
manganese adduct was tested in  different solvents.
The effects of temperature and on crystallization
were also noted.

Table 3. Solubility results for
(Pr4N)[Cl3Mn-N(SnMe3)3]

Solvent Solubility Heat
(100℃)

Vapor
diffusion

Aceto-
nitrile

Brown
solution

No change Brown
powder

DME Brown
solution,
some
brown
solid

No change Brown
powder

DCM Brown
solution,
some
brown
solid

No change Brown
powder,
black
crystalline
substance

THF Brown
solution,
some
brown
solid

No change Brown
powder

Reactions with AgBF4, trial 1.
(Pr4N)[Cl3Mn-N(SnMe3)3] (28 mg) was dissolved in
THF and mixed with 6.34 mg AgBF4 (6 mg)
dissolved in 5 mL THF (1:1 ratio). After 16 h, there
was a colorless solution with brown precipitate.
Vapor diffusions with diethyl ether did not afford any
crystals.

Reactions with AgBF4, trial 2.
(Pr4N)[Cl3Mn-N(SnMe3)3] (20 mg) was dissolved in
6-7 mL THF and combined with AgBF 4 (13 mg)
dissolved in 6-7 mL THF. After 16 h, the solution
was a yellow-brown solution with white precipitate.
Vapor diffusions with diethyl ether did not afford any
crystals.

Titanium Complexes.

(Pr4N)2[TiCl6]+ N(SnMe3)3, trial 1 Reaction of
(Pr4N)2[TiCl6] (0.16 mmol) with N(SnMe3)3 (0.16
mmol) dissolved in 11 mL of DCM afforded a dark
solution. The crystals appeared to be colorless blocks
with a dark oil. X-ray diffraction analysis revealed
that the crystals were (Pr4N)[Me3SnCl2].

(Pr4N)2[TiCl6]+ N(SnMe3)3, trial 2. Procedure
located in JB-8. The second attempt in this reaction
was to try with a 2:1 ratio. Reacting 0.24 mmol of
(Pr4N)2[TiCl6] with 0.12 mmol of N(SnMe3)3

dissolved in 2-3 mL of  acetonitrile. A mini version
of this reaction was also performed (JB-9) on an
NMR scale (Figure 3).

Figure 3. NMR peaks of (Pr4N)2[TiCl6]+ N(SnMe3)3

reaction.



Synthesis of Vanadium Complexes
(NEt4)2[VOCl4] (1). This compound was prepared by
a modification of a published procedure.6 Solid
NEt4Cl (315 mg, 1.610 mmol) was added directly to a
solution of [VCl3(thf)3] (200 mg, 0.805 mmol)
dissolved in 5-7 mL DCM. Stir to dissolve. The
solution was stirred overnight. .The product was
collected by vacuum filtration and washed with
diethyl ether to yield 84.1 mg of product. Vapor
diffusion afforded better crystals when the product
was dissolved in acetonitrile compared to DCM.

[NEt4]2(VOCl4) (2). [VCl3(thf)3] (111 mg) and
NEt4Cl (133 mg) were dissolved in acetonitrile and
stirred for 10 minutes. After 16 h, the product was
crystallized via vapor diffusion with diethyl ether.
The product was collected by vacuum filtration and
washed with diethyl hitherto yield 101 mg of product.
Product identity was confirmed via x-ray
crystallography.

[NEt4]3(V2Cl9) Dissolve 300 mg of [VCl3(thf)3]
(0.803 mmol) in <10 mL DCM and add 340 mg
Bu4NCl (1.223 mmol) to this solution. In a second
vial, dissolve 222 mg Et4NCl in DCM. Layer the
Et4NCl solution over the NBu4Cl and allow the
sample to sit still overnight. The layers had fully
combined overnight and formed large, purple,
polycrystalline clusters (unable to obtain information
on x-ray). The crystals were filtered out and the
remaining solution was separated into three small
vials and underwent a vapor diffusion crystallization
with diethyl ether.

(NEt4)2[VOCl4]+N(SnMe3)3 (1) Weigh 70 mg
(NEt4)2[VOCl4] and dissolve in 2-4 mL acetonitrile.
Make a second solution of 75.41 mg N(SnMe3)3 in 2
mL acetonitrile. Add the N(SnMe 3)3 solution
dropwise while stirring to the (NEt4)2[VOCl4]
solution. Stir for 60 minutes and allow sample to sit
still overnight. Pipette filter through celite and
crystalize with vapor diffusion crystallization with
diethyl ether. The resulting product was a
combination of colorless crystalline salts and cloudy
solution.

(NEt4)2[VOCl4]+N(SnMe3)3 (2) Weigh 49.0 mg of
(NEt4)2[VOCl4] (0.1049 mmol) and dissolve in 1-3
mL THF. Make a second solution of N(SnMe3)3 in

1-3 mL THF. Add the second solution to the first
dropwise while stirring. An immediate color change
should occur in sample one from blue to black.

Results and Discussion:

Cobalt
While we had produced small quantities of the Co
adduct previously, we needed to develop larger scale
reactions to have enough to study the cluster
condensation reactions. Thus, we synthesized more
than 1.3 g of (Pr4N)[Cl3Co-N(SnMe3)3] for future
experiments.

Oxidants and Silver Reagents
When reacting (Pr4N)[Cl3Co-N(SnMe3)3] with
AgSbF6, both ratio attempts produced some
precipitate, but we were not able to isolate any new
complexes. When reacting (Pr4N)[Cl3Co-N(SnMe3)3]
with AgBF4, a cloudy solution with some precipitate
on the bottom formed. This precipitate was filtered
out and a small diethyl ether bath was performed for
crystallization. However, no crystals were formed.
Reacting (Pr4N)[Cl3Co-N(SnMe3)3] with ferrocenium
hexafluorophosphate produced a brown/green
solution. We were unable to crystallize the product.

Solubility testing
Based on our studies, the best solvents for the Co
adduct are THF and DCM.

Heating of Adduct
After dissolving (Pr4N)[Cl3Co-N(SnMe3)3] in THF,
the solution was heated to the boiling point of THF to
observe any physical observations. A noticeable color
change occurred after an hour of heating. Going from
light blue color to a greenish color, then to a brown
color with a little precipitate on the bottom. Then
changing to a black cloudy solution. These color
changes told us that something is occurring when the
adduct is heated, and further research will be done.

When dissolving (Pr4N)[Cl3Co-N(SnMe3)3] in DCM,
it was decided to take UV-VIS of each step of the
reaction. The results of this data is shown in figure 2.
The blue line represents the peaks right after
dissolving (Pr4N)[Cl3Co-N(SnMe3)3] in DCM. The
orange line represents the peaks after 1 hour of
heating. The green line represents the peaks after 2



days of consecutive heating. The UV-vis spectra
(Figure 2) reveals small shifts in the λmax of the three
bands and their relative intensities. These results
indicate something is changing in the coordination
sphere of the Co(II) ion but we were unable to
crystallize the product.

Manganese
Dr. Bennet’s lab initially prepared the manganese
adduct and our group has been working on its salt
(Pr4N)[Cl3Co-N(SnMe3)3] for several years. This
complex is not as soluble as the cobalt analogue. No
apparent structure change was observed upon heating
in DCM. Oxygen contamination was an issue in the
box last summer and presented a larger problem for
the Mn adduct than the Co species. The Mn adduct
dissolves to afford a colorless solution in the absence
of O2. However in the presence of even minute
amounts of O2, the solution becomes dark and yields
a brown precipitate. We attempted to prepare pure
samples of the brown species by direct reaction with
O2, but were unable to grow crystals.

Titanium.
Titanium was focused on less due to the pursuit of
cobalt and vanadium. The titanium nitride adduct has
yet to be made, so our research invested some time
into this production. The progress made with this
transition metal included attempts at further reacting
the titanium salt made by Dr. Beauvais and creating a
newer titanium salt starting material.

Reacting (Pr4N)2[TiCl6] with N(SnMe3)3:
Two attempts at this reaction were made in hopes of
forming the new titanium-nitride complex. The
reaction dissolved in DCM produced black crystals.
However, the crystals were colorless with a black oil
coating. The X-ray analysis revealed that they were
(Pr4N)[Me3SnCl2]. These crystals formed were not
what we wanted but they did show us that the tin was
exchanging chloride ligands with the titanium
complexes.
We monitored the reaction via NMR in acetonitrile
and observed peaks at 0.57 and 0.24 ppm. The peak
at 0.57 represented that some tin was picking up
some chlorines. The peak at 0.24 showed us that the
nitrogen may be bound to titanium but still have
some tin on it.

Vanadium
Vanadium complexes included much more trial and
error. Multiple vanadium adduct precursors were
attempted with tetrabutyl- and tetraethylammonium
chloride. A single attempt with tetrabutyl did not
form crystals. Two reactions successfully formed a
precursor to the vanadium adduct with tetraethyl
ammonium chloride. These products were confirmed
via x-ray crystallography.

The majority of vanadium complexes in this study are
oxidized, which allowed progress to be made in the
study considering issues with the glovebox. VO2+

complexes were first attempted with tetra ethyl- and
tetra butyl- ammonium chloride, when only one of
which was successful will be discussed in the
following paragraph. The only non oxidized
vanadium complex synthesized is [NEt4]3(V2Cl9),
which was made completely inside the glovebox
environment and formed one purple polycrystalline
solid and, in a second crystallization post-filtration,
blue-green solid.

Attempts to react the tetra ethyl precursors with
N(SnMe3)3 provided interesting results. The first
attempt involved dissolving both parts in acetonitrile
and were relatively diluted. The second attempt
focused on a method by Dr. Miriam Bennet, which
included a high concentration of each part and
looking for a color change in the sample after
combining. Both the precursor and N(SnMe3)3 were
dissolved in much smaller amounts of THF and
combined dropwise. Upon immediate contact, the
samples turned black and the next day showed black
solid. This solid has yet to be analyzed.
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