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ABSTRACT: Transition metal nitride clusters are of interest because of their novel structures and potential magnetic and 
electronic properties. In our search for synthetic routes to these clusters, we have discovered adducts with the formula 
s[Cl3Mn·N(SnMe3)3]1− and (Pr4N)4[Fe14N8(NSnMe3)4Cl12]. The synthesis and characterization of different salts of these ad-
ducts will be presented.   

Introduction. The purpose of this project is to develop 
new synthetic routes to functional inorganic materials. 
This is done by developing new synthetic tools for building 
nitride-bridged species. These species are precursors to 
metal-nitride nanomaterials and magnetic materials.  

Transition-metal nitride containing molecules are of in-
terest for their uses in many different fields.1,2  These tran-
sition-metal nitrides have the ability to act as single mole-
cule magnets (SMMs). SMMs are isolated molecules that 
have the potential to transform the world of data storage 
and molecular electronics.3–5 These molecules demonstrate 
magnetic ordering below a certain blocking temperature. 
Beyond the potential of these molecules to act as SMMs, 
metal nitride semiconductors are utilized in LED lights, 
solar paneling, biomedical imaging, lasers, and quantum 
dot computer screens.1,2  

Nanoclusters are not stable because of the high ratio of 
unsaturated surface atoms to saturated atoms within the 
solid. In the 1990s, synthetic methods were developed to 
allow for the synthesis of a wide range of nanoparticle siz-
es and compositions.6 A key stabilizing step was the bind-
ing of bulky ligands to the surface of the nanoparticles to 
prevent them from coalescing into larger particles. One of 
the more exciting discoveries was that the light emitted by 
these nanoclusters is dependent on size. The most well 
studied systems consist of a metal and sulfur. We are in-
terested in developing similar techniques for preparing 
metal-nitride nanoparticles because of the recent growth 
in applications of metal-nitride materials. These transition-
metal nitride containing molecules are scarce in literature, 
because of the lack of synthetic methods. In this project 
new synthetic routes to putative single-source nanoparti-
cle precursors are demonstrated and avenues to condense 
these species are explored. 

With respect to manganese compounds, there has been 
very little investigation into synthesis of manganese ni-
tride molecules. Students in the Bennett lab reported the 
crystal structure of the adduct [Cl3Mn·N(SnMe3)3]– that 
appears to be a promising precursor to manganese-nitride 
species, but it could only be prepared in very small yields 
as the Et4N+ salt.7 We wanted to investigate new synthetic 
routes to Pr4N+ or PPN+ salts of this adduct that would be 

more soluble in organic solvents and investigate reacts of 
this adduct as a means to prepare polynuclear Mn-N spe-
cies.  

With respect to iron, research had already been carried 
out by the Bennett lab.8,9 The new starting materials that 
we were using to prepare Mn-N compounds had never 
been used to prepare Fe-N materials, and were therefore 
used to see if new compounds could be prepared. In addi-
tion, we wanted to prepare the Fe-N compounds with dif-
ferent cations to investigate their solubility versus the 
known compounds. Differing from manganese, these iron 
compounds form via self-assembly and a new salt of a 
known Fe14 cluster was found. 

Experimental Section 

Preparation of compounds. (Me3Sn)3N and 
(PPN)2[Mn2Cl6] were synthesized according to literature 
procedures.10,11 Powders were dried under vacuum while 
heating at 100 °C for 24 h before being pumped into the 
glovebox. Anhydrous solvents were purchased and further 
dried by storing over activated 4 Å molecular sieves. All 
manipulations were carried out in the dinitrogen glovebox.  

(Pr4N)2[Mn2Cl6] (1). Anhydrous MnCl2 (65.5 mg, 0.50 
mmol) was dissolved in 15 mL of acetone and stirred at 
room temperature for 23 h. Pr4NCl (111.5 mg, 0.50 mmol) 
was dissolved in 15 mL of acetone and stirred at room 
temperature for 23 h. The two solutions were combined 
and stirred at room temperature for 3 h. The solution was 
filtered through celite.  Diffusion of Et2O into the filtrate 
afforded a large amount of small crystals after 2 days. The 
crystals were collected by filtration, washed with succes-
sive aliquots of Et2O (3 × 2 mL), and dried under vacuum to 
afford 0.124 g of pale yellow-green crystals (70.1 %).  

(Prn4N)[Cl3Mn∙N(SnMe3)3] (2). A solution of 
(Prn4N)2[Mn2Cl6] (105 mg, 0.151 mmol) in 2.5 ml of THF 
was added dropwise to a solution of N(SnMe3)3 (152 mg 
0.300 mmol) in 2.5 ml of THF.  The colorless solution was 
stirred for 17 h and then filtered through celite.  Diffusion 
of Et2O into the filtrate afforded a large amount of small 
colorless crystals after 1 day. The crystals were collected 
by filtration, washed with successive aliquots of Et2O (3 × 2 
mL), and dried in vacuo to afford 0.108 g of 



 

(Prn4N)[Cl3Mn∙N(SnMe3)3] (42.2 %).  Analysis calcd for 
C21Cl3H55MnN2Sn3: C, 29.47; H, 6.48; N, 3.28.  Found:  C, 
29.60; H, 6.44; N, 3.06.   

(Pr4N)2[Fe2Cl6] (3). Anhydrous FeCl2 (400 mg, 3.18 
mmol) and Pr4NCl (703 mg, 3.18 mmol) were each dis-
solved in 20 mL of acetone and stirred at room tempera-
ture until each had completely dissolved. The two solu-
tions were combined and stirred at room temperature for 
48 h. The solution was filtered through celite.  Diffusion of 
Et2O into the filtrate afforded a large amount of small crys-
tals after 2 days. The crystals were collected by filtration, 
washed with successive aliquots of Et2O (3 × 2 mL), and 
dried under vacuum to afford 0.95 g of pale yellow-green 
crystals (84.2 %).  

(Pr4N)4[Fe14N8(NSnMe3)4Cl12] (4). (Pr4N)2[Fe2Cl6] (302 
mg, 0.434 mmol) was dissolved in 10 mL of dichloro-
methane and stirred at room temperature for 1 hour until 
all the crystals had dissolved. Neat N(SnMe3)3 (109 mg, 
0.215 mmol) was added dropwise and the solution imme-
diately turned dark green. The solution was left to sit at 
room temperature for 4 days without stirring. A black so-
lution with a small amount of black solid precipitate was 
observed. The black product was collected by decanting. 
The filtrate was then left to sit at room temperature with-
out stirring for 17 days. Black crystals formed on the walls 
of the vial.  

X-ray Structure Determinations. Single crystals of 
compound 2 (colorless rectangular plates) were grown by 
vapor diffusion of Et2O into THF. Single crystals of com-
pound 3 (black blocks) were grown directly from the reac-
tion mixture over 15 – 20 days.  The crystals were coated 
in Paratone-N oil, attached to glass loops, transferred to a 
Bruker SMART diffractometer, and cooled in a dinitrogen 
stream. Lattice parameters were initially determined from 
a least squares refinement of more than 200 carefully cen-
tered reflections. The raw intensity data were converted 
(including corrections for background and Lorentz and 
polarization effects) to structure factor amplitudes and 
their esd’s. An empirical absorption correction was applied 
to each data set using SADABS. Space group assignments 
were based on systematic absences, E statistics, and suc-
cessful refinement of the structures. Structures were 
solved by direct methods, with the aid of difference Fouri-
er maps, and were refined with successive full-matrix 
least-squares cycles. All of the atoms were refined aniso-
tropically. Hydrogen atoms were added in ideal positions 
and refined isotropically. Crystallographic parameters are 
listed in Table 1. 

Table 1. Crystallographic data and structural refine-
ment parameters for (Prn4N)[Cl3Mn∙N(SnMe3)3] (2) and 
(Pr4N)4[Fe14N8(NSnMe3)4Cl12] (4). 

 2 3 

formula C21H55N2Cl3MnSn3 C68H156Cl20Fe14N16Sn4 

formula wt. 853.03 3163.80 

T, K 100 100 

space 
group 

P21/c I‒4 

Z 4 2 

a, Å 15.326(2) 16.368(3) 

b, Å 15.685(2) 16.368(3) 

c, Å 14.362(1) 22.164(4) 

α, deg 90 90 

β, deg 91.976(1) 90 

γ, deg 90 90 

V, Å3  3450.3(6) 5938(2) 

dcalc, g/cm3 1.642 1.742 

R1, wR2, % 4.02, 10.61 8.96, 25.32 

a Obtained using graphite monochromated Mo Kα (λ = 
0.71073 Å) radiation. b R1 = ∑||Fo| - |Fc||/∑|Fo|; wR2 = 
{∑[w(|Fo|‒|Fc|)2]/∑[w(|Fo|2)]}1/2. 

 

Results and Discussion 

The crystal structure of (Et4N)[Cl3Mn∙N(SnMe3)3] was 
first reported in the Bennett lab7 and recognized to be an 
ideal precursor for the synthesis of larger Mn-N moieties. 
according to reaction 1.  However, It could only be pre-
pared in minute quantities according to the following reac-
tion scheme. 

MnCl2 + (Et4N)2MnCl4 + 2N(SnMe3)3 → 
2(Et4N)[Cl3Mn∙N(SnMe3)3]  

The low yield was most likely a result of the poor solu-
bility of the manganese starting materials and the poor 
solubility of the Et4N+ adduct in non-coordinating, polar 
organic solvents. We decided to investigate the more solu-
ble manganese starting materials (PPN)[Mn2Cl6] and 
(Pr4N)2[Mn2Cl6] for the synthesis of the 
[Cl3Mn∙N(SnMe3)3]‒ anion. In addition to the starting mate-
rials being more soluble, we expect the products to exhibit 
enhanced solubility as well.  The synthesis of the PPN+ salt 
was previously described.11 We synthesized the Pr4N+ salt 
in an analogous manner as described in the following reac-
tion, where A = Pr4N+ or PPN+. 

2ACl  +  MnCl2  →  A2[Mn2Cl6] 

The reactions are carried out in anhydrous acetone and 
the reaction scale is limited by the poor solubility of MnCl2. 
Care must be taken to ensure that all of the MnCl2 has dis-
solved before performing the reaction. Et2O diffusion into 
the reaction mixture affords large crystals of the product.  

Reactions of the 1 and N(SnMe3)3 in THF or CH2Cl2 af-
forded the desired adduct in good yield according to the 
following reaction. 

[Mn2Cl6]2– + 2N(SnMe3)3 → 2[Cl3Mn∙N(SnMe3)3]– 

High yields of (Pr4N)[Cl3Mn∙N(SnMe3)3] (2) were 
achieved by using a slight excess of tin amine and crystals 
were grown via diffusion of Et2O into the reaction mixture. 
The crystals are initially colorless but start to develop a 
brownish tinge after a few days. Single crystal X-ray analy-
sis of (2) reveals the expected anionic adduct, which con-
sist of a trigonal pyramidal Cl3Mn– unit coordinated to the 
neutral tin amine (Figure 1).  



 

 

Figure 1. ORTEP drawing of adduct [Cl3Mn∙N(SnMe3)3]‒ ob-
served in the Pr4N+ salt (2). Manganese, chlorine, nitrogen, tin, 
carbon, and hydrogen atoms are represented by purple, green, 
blue, dark gray, light gray, and white ellipsoids, respectively. 

Despite several attempts to form 
(PPN)[Cl3Mn∙N(SnMe3)3], crystals could not be obtained. 
Analysis of crystals from the reaction mixtures reveals the 
presence of starting material. 

These adducts are difficult to characterize. Electronic 
spectroscopy is not useful because of the low molar ab-
sorptivity of Mn(II) ions combined with low solubility of 
compounds 1 and 2. It was not possible to reach concen-
trations that would allow detection of the visible absorp-
tion bands. In addition, NMR spectroscopy did not provide 
useful information because of the paramagnetic nature of 
these compounds. The spectra revealed extremely broad-
ened peaks that most likely are due to the cations.  

A fragment condensation reaction is one in which two or 
more adducts come together to make a larger molecular 
species, such as the following reaction. 

Cluster condensation has been achieved with the adduct 
[ClCu·N(SnMe3)3]. Heating this compound at high tempera-
tures afforded the larger species [Cu4(N(SnMe3)2)4] whose 
structure is defined by a square Cu4 unit.12 Our goal was to 
initiate condensation by thermal methods, halide abstrac-
tion, or oxidation of the Mn(II) center.   

Heat was used in efforts to condense the adduct. Small 
amounts of (Pr4N)[Cl3Mn∙N(SnMe3)3] were dissolved in 
THF and heated to 66 °C, its boiling point, for 1 day. The 
cloudy, white solution became darker and clear crystals 
formed. Analysis of the crystals from this reaction revealed 
only the presence of the adduct, (Pr4N)[Cl3Mn∙N(SnMe3)3]. 
A similar reaction was performed using 
(Pr4N)[Cl3Mn∙N(SnMe3)3] dissolved in dichloromethane. 
This solution was heated at 40 °C, its boiling point, for 1 

day. The color of the solution turned from a cloudy, white 
to a dark brown color. Attempts to crystalize were unsuc-
cessful. With the presence of heat, some reaction occurred 
involving (Pr4N)[Cl3Mn∙N(SnMe3)3] dissolved in dichloro-
methane, but the final product was not able to be charac-
terized. The brown color had also been apparent when the 
crystals were allowed to age or exposed to oxygen.  

We hypothesized that exposure of the adduct to O2 may 
oxidize the Mn(II) ions and provide access to a new com-
pound. Colorless solutions of the adduct were exposed to 
O2 and, as expected, a dark brown color developed almost 
instantly. However, no crystals could be grown. These re-
actions used large excesses of O2 and it would be worth 
revisiting them with stoichiometric, or lower, amounts of 
O2. 

Further attempts to condense (Pr4N)[Cl3Mn∙N(SnMe3)3] 
were performed using silver triflate  AgOTF. 
(Pr4N)[Cl3Mn∙N(SnMe3)3] was dissolved and AgOTf was 
added. The solution turned a brown color, but nothing 
seemed precipitated. . In the reaction with CAgF3O3S some-
thing occurred, but the final product was not able to be 
characterized. Further experiments are warranted with 
this reagent to determine if it is acting as a halide abstract-
ing or oxidizing agent. 

Ferrocenium tetrafluoroborate [Fe(C₅H₅)₂]BF₄ is a one-
electron oxidant and was also used in attempts to con-
dense (Pr4N)[Cl3Mn∙N(SnMe3)3]. (Pr4N)[Cl3Mn∙N(SnMe3)3] 
was dissolved in dichloromethane and [Fe(C₅H₅)₂]BF₄ was 
added to it directly. This caused the solution to turn from a 
dark blue color to black. Only very small rod shaped crys-
tals were formed, but a crystal structure was not able to be 
determined. In the reaction with [Fe(C₅H₅)₂]BF₄ some-
thing occurred, but the final product was not able to be 
characterized.  

The crystal structure of (Et4N)5[Fe10N8Cl12] was first re-
ported by M. V. Bennett.8,9 It forms via a self-assembly pro-
cesses from the reaction of (Et4N)[FeCl4] and N(SnMe3)3. 
This reaction uses an Fe(III) starting material and we 
wanted to see if similar products were assessable with the 
Fe(II) complex [Fe2Cl6]2–. We prepared (Pr4N)2[Fe2Cl6] (3) 
in a manner analogous to compound 1. This compound can 
be prepared in high yield as large crystals.  

(Pr4N)2[Fe2Cl6] reacted with stannyl amine via self-
assembly in CH2Cl2 according to the following reaction. 

[Fe2Cl6]2– + N(SnMe3)3 → [Fe14N8(NSnMe3)4Cl12]4–   

The reaction is not balanced because we do not the exact 
number of type of each byproduct. X-ray analysis indicates 
that the most likely byproducts are Me3SnCl and 
[Me3SnCl2]–. Single crystal X-ray diffraction reveals that the 
black crystals are (Pr4N)4[Fe14N8(NSnMe3)4Cl12] (4). The 
anion exhibits the Fe14 species shown in Figure 2. It re-
sembles a box that has been squashed along one axis caus-
ing the side panels to pop out.  

This reaction produced only small amounts of crystalline 
product and further attempts are necessary to develop a 
bulk synthesis. Reactions with the PPN+ salt demonstrate 
that NMR spectroscopy provides little useful information. 
The broadened peaks are due to the cation only (Figure 3).  

 



 

 

Figure 2. Two views of the molecular squashed box 
[Fe14N8(NSnMe3)4Cl12] observed in 4. The four-fold symmetry 
is readily apparent in the bottom view and the squashed box 
configuration is evident in the top photo. The color scheme is 
the same as used in Figure 1, except that red ellipsoids repre-
sent iron atoms.  

 

Figure 3. 1H-NMR spectra of the reaction of (PPN)2[Fe2Cl6] 
and N(SnMe3)3. The broad peaks are due to the cation PPN+ 
and do become narrower over time. This may be due to the 
formation of discrete compounds. 

Conclusions 

Reactions of the dimetallic starting materials [M2Cl6]2–, 
where M = Fe and Mn, with N(SnMe3)3 have resulted in the 
formation of the desired Mn(II) adducts and Fe-N cluster. 
More work is needed to develop cluster condensation reac-
tions of the Mn-adduct and to explore further iron reac-
tions. 
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ABBREVIATIONS 

Et4N+, tetrethylammonium cation; Pr4N+, tetrapropylammoni-
um cation;  PPN+, bis(triphenylphosphine)iminium cation 
(Ph3P=N=PPh3)+. 
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