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The electronic structures and the spin density distributions of the group 13 1,4diaza(1,3)butadiene (DAB) radicals [(RDAB)2M], [(RDAB)MX2], and {[(RDAB)MX]2} (M = Al, Ga, In; X = F, Cl, Br, I; R = H, Me, tBu, Ph) are studied using
density functional theory at both non-relativistic and relativistic levels of theory. The
calculations demonstrate that all systems share a qualitatively similar electronic structure
and are primarily ligand centred -radicals. The calculated metal, nitrogen, and hydrogen
hyperfine couplings are found to be independent of the identity of the R-group and the
halogen atom. They are, however, dependent on the geometry and oxidation state of the
metal centre. Both observed trends contrast what has previously been deduced from the
interpretation of experimental EPR and ENDOR spectra. Good agreement between the
calculated and experimentally determined hyperfine coupling constants is found only for
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some of the studied systems. Instances where significant discrepancies between the
calculated and experimental values exist can be attributed to the tendency of these
systems toward complex solution behaviour, which results in differences between the
solid state and solution structures of certain complexes. A careful re-evaluation of the
experimental data as well as calculated reaction energies lends strong support to this
hypothesis. However, further studies are needed before the identity of some of the studied
radical species in solution can be unambiguously determined.

Introduction
During the past quarter of a century, 1,4-diaza-1,3-butadiene (DAB) ligands (1) have
attracted considerable attention as useful reagents in organometallic chemistry due to
their coordination and redox properties. The lone pairs of the nitrogen atoms and the electrons of the C=N bonds allow these molecules to act both as n- and -electron donors,
which allows coordination to metals using 2, 4, 6, or 8 electrons. In addition, the
identities of the four substituents on the N=CC=N backbone can be easily varied,
allowing for the steric and electronic properties of the ligand to be fine-tuned; the ligand
substituted at the nitrogen atoms with the bulky tBu group has been widely employed in
research.
At present, DAB ligands have been coordinated to nearly all the transition metal
elements,1 to lanthanoids such as europium and gadolinium2, as well as to a range of main
group elements including silicon3 and germanium.4 A number of the synthesized metal
complexes are catalytically active and can effect a broad spectrum of chemical reactions.5
In recent years, a growing interest in complexes of the DAB ligand which contain group
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13 elements has emerged and many novel systems have arisen from this work.6 Of
especial importance have been the anionic species [(DAB)M:] (M = Al, Ga)6d,e which
are isoelectronic with the stable N-heterocyclic Arduengo-type carbenes [(DAB)C:].7
More closely aligned with our research interests are the vast number of metal
complexes which formally contain the DAB ligand as a monoanion radical (2), formed
from the one-electron reduction of the parent species 1. Paramagnetic DAB complexes of
alkaline earth metals,8,9 lithium,9 and zinc8b,9,10 have been known for a number of years,
while more recent work in this area has resulted in the isolation of variety of group 13
complexes containing the DAB anion radical.6f,11 Very recently the first complexes of
group 13 elements with two paramagnetic DAB ligands were reported.11eh All these
species have been characterized primarily by EPR spectroscopy and X-ray
crystallography, though other experimental techniques including cyclic voltammetry and
photoelectron spectroscopy have also been employed.
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Despite the wealth of experimental data available for these systems, significantly
less is known regarding their electronic structure and, especially, their spin density
distributions. Although EPR spectroscopy offers a unique experimental means of
3

acquiring much of this information, the majority of the spectra obtained for the
paramagnetic group 13 DAB complexes are poorly resolved due to hyperfine couplings
to a number of spin-active nuclei. In consequence, it is difficult to extract accurate values
of the hyperfine coupling constants (HFCCs) and, thus, the spin densities, from these
spectra. In many cases, this has led to spectral assignments that are tentative at best.11 The
spirocyclic systems [(tBu-DAB)2M] (3-MtBu, M = Al, Ga) offer an extreme example of
the controversies reported for these systems;11a,b inadequate spectral analysis initially lead
to an incorrect assignment of different oxidation states for the group 13 elements in 3AltBu (MIII) and 3-GatBu (MII) whereas more detailed spectral12 and theoretical12b,13
analyses have demonstrated that both systems contain a group 13 atom in the MIII
oxidation state.
While information regarding the electronic structures and spin densities of radical
systems can also be obtained through high-level theoretical calculations, only two
computational studies of the DAB complexes of p-block elements have been reported to
date.13 Both studies have been confined to the investigation of spirocyclic complexes of
the type 3-MR, and only one reports the calculated spin densities for the group 13 metal
derivatives.13b This is somewhat surprising considering the vast number of paramagnetic
group 13 DAB complexes reported recently and the unexpected, and at times conflicting,
spectroscopic data that they have yielded.11ch A high-level theoretical study of these
systems is expected to give valuable information about their spin densities which would
facilitate a re-interpretation of the experimental data and perhaps clarify some of the
controversy which surrounds these radicals.
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We have recently shown that near-quantitative spin densities and HFCCs can be
obtained for the spirocyclic group 13 boraamidinate {[PhB(-NtBu)2]2M} (4, M = B, Al,
Ga, In)14 and tetraimidophosphate {Me2Al[(-NR)(-NtBu)P(-NtBu)2]Li(THF)2} (5, R
= tBu, SiMe3)15 radicals using methods based on density functional theory. Our success,
especially with the boraamidinate systems 4, strongly suggests that similar calculations
will also yield accurate results for the structurally related group 13 DAB complexes.
Herein we report DFT calculations on the electronic and molecular structures of group 13
DAB systems 3-MR, the related monocyclic radicals [(RDAB)MX2] (6-MRX, M = Al,
Ga, In) and the dimeric diradicals {[(RDAB)MX]2} (7-MRX, M = Al, Ga, In). A
thorough study using a variety of substituent groups H, Me, tBu, and Ph (superscript R in
compound number) and different halogen atoms F, Cl, Br, and I (subscript X in
compound number) has been carried out. From this, a detailed picture of the extent of
spin delocalization in these systems and how it is influenced by different substituents has
emerged. These results will be used to aid in the interpretation of experimental EPR and
ENDOR data.

Results and discussion
Spirocyclic group 13 diazabutadiene monoradicals
The

first

paramagnetic

spirocyclic

diazabutadiene

complexes

of

aluminium

[(tBuDAB)2Al] (3-AltBu)11a and gallium [(tBuDAB)]2Ga] (3-GatBu)11b were reported a
number of years ago. These compounds were characterized both in solution by EPR
spectroscopy, and in the solid state by X-ray crystallography and photoelectron
spectroscopy. The structural analyses of 3-AltBu and 3-GatBu revealed the presence of two
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inequivalent DAB ligands in each molecule, with distinctly different metrical parameters
observed throughout the two DAB moieties. Interpretation of the solution EPR spectra of
these species led to the rather curious assignment of oxidation states +3 and +2 for the
group 13 elements in 3-AltBu and 3-GatBu, respectively, indicating that 3-AltBu is a ligandcentred radical with one singly and one doubly reduced ligand, while 3-GatBu would be a
gallium-centred radical. This controversial claim was later refuted by a re-interpretation
of the poorly resolved EPR spectrum of 3-GatBu, combined with theoretical calculations
which suggested that 3-GatBu is a ligand-centred radical like 3-AltBu.12b,13 Recently, the
first derivatives of 3-GaR which contain aromatic substituents on the DAB nitrogen
atoms have been isolated and both structurally and spectroscopically characterized.11d,h
The EPR spectrum the complex [(DippDAB)2Ga] (3-GaDipp, Dipp = 2,6-diisopropylphenyl)11h is considerably better resolved than that of 3-GatBu, allowing for a
definitive interpretation of the observed hyperfine couplings and confirming that the
unpaired electron is ligand-centred and interacts primarily with only one of the DAB
units. Because systems of type 3 have been well-characterized in the past, they will
provide a useful benchmark in determining the accuracy of our calculated metrical
parameters and hyperfine coupling constants (HFCCs).
Calculations were carried out on a series of compounds of types 3-MR, varying
the identities of the substituents on the DAB nitrogen atoms. Calculated metrical
parameters for selected compounds are compiled in Table 1 along with experimental
data; calculated hyperfine coupling constants for all relevant spin-active nuclei are listed
in Table 2. As a whole, the calculated bond lengths and bond angles accurately reproduce
those obtained from X-ray structural analyses,11a,b,d,h indicating that the chosen level of
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theory is sufficient for these systems. In complexes of types 3-AlR and 3-GaR, the central
group 13 element has a tetrahedral coordination environment and the molecules display
C2v symmetry, with the exception of 3-AlPh and 3-GaPh, which are C2 symmetric due to
the orientation of the phenyl groups. Previous theoretical work13b has shown that the
global energy minimum for the indium analogues 3-InR has C2 symmetry, where the
indium atom is slightly pyramidalized: however, for ease of comparison with 3-AlR and
3-GaR, the geometries of the calculated species 3-InR have been constrained such that the
coordination sphere of the indium atom is tetrahedral.

H(2)

C(4)

C(3)

N(2)

N(1)

H(1)
C(1)

C(2)
M

C(1*)

C(2*)
H(2*)

N(2*)

N(1*)

C(4*)

C(3*)

H(1*)

The singly occupied molecular orbital (SOMO) of 3-AltBu is depicted in Figure 1,
and is bonding along the CC bond and anti-bonding between the carbon and nitrogen
atoms. Varying the substituents on the DAB nitrogen atoms does not result in significant
changes to the SOMO; similarly, changing the identity of the central group 13 element
from aluminium to gallium to indium does not affect its general features. Composed
primarily of carbon and nitrogen p-orbitals of one DAB ligand, the SOMO has no scontribution from the central metal and only minute contributions from the second DAB
moiety. In consequence, relatively small hyperfine couplings to the group 13 atom and
the nitrogen atoms of one DAB ligand are expected. The SOMO also has no contribution
from the DAB hydrogen atoms which suggests that any observed 1H coupling is entirely
due to spin polarization effects.

7

Mulliken population analysis indicated that the spin densities in 3-MR are nearly
equally distributed throughout the carbon and nitrogen atoms of one DAB unit. The lack
of variation in the calculated HFCCs (Table 2) for a particular atom regardless of the
identity of the DAB nitrogen substituents is consistent with the aforementioned constancy
in the composition of the SOMO. In all derivatives of 3-AlR, HFCCs of approximately 6
G are predicted to the aluminium atom and to the 1H atoms of the backbone of one DAB
ligand. Slightly greater variation in the magnitude of the

14

N HFCC is observed, with

values ranging between 2.7 G and 3.6 G: the HFCC was found to increase from 3-AlH to
3-AlMe to 3-AltBu i.e. with the steric bulk of the R-group bonded to the nitrogen atom.
The lone aromatic derivative 3-AlPh is predicted to have a 14N HFCC of intermediate size
(3.1 G) presumably due to the inductive effect of the phenyl group. Small hyperfine
couplings to the hydrogen and nitrogen atoms of the second DAB ligand are also
anticipated, with a 14N HFCC of approximately 1 G and hydrogen couplings of ca. 0.5 G
for all 3-AlH, 3-Al Me, and 3-Al tBu; a significant decrease in the 1H HFCC was calculated
for 3-AlPh which can again be attributed to the electronic effects of the phenyl group.
These same trends in

14

N and 1H hyperfine coupling constants are observed for

the gallium and indium systems 3-GaR and 3-InR, and no significant variation in their
magnitudes over those in the aluminium congeners is predicted. The close agreement
between the 1H and

14

N HFCCs of 3-AlR, 3-GaR, and 3-InR is not unexpected based on

the strong similarities between the SOMOs of these three radical systems. As was seen
for the aluminium nucleus of 3-AlR, the

69

Ga and

115

In HFCCs are essentially static at

22 G and 33 G, respectively, regardless of the substituents on the DAB ligands. The
ratios of the calculated

27

Al:69Ga and

27

Al:115In HFCCs are consistent with the relative
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values of the isotropic hyperfine constants of the free nuclei demonstrating again the
similarity between the electronic structures of 3-MR.16 The EPR spectra of the hitherto
uncharacterized spirocyclic systems 3-InR are predicted to have a width of around 350 G,
with a 30 G hyperfine coupling to indium resulting in a dectet signal which will be
further split into overlapping heptets due to coupling of the unpaired electron to two
magnetically equivalent 14N and two equivalent 1H atoms.
The calculated HFCCs compare favourably with the experimental values that
have been determined for 3-AltBu,12a 3-GatBu,12a and 3-GaDipp.11h It should be noted that
the experimental EPR spectra of both 3-AltBu and 3-GatBu are very poorly resolved, and
that the HFCCs for these species have only been estimated; a reasonable simulation of the
experimental spectrum of 3-AltBu has been reported by assuming identical HFCCs of 5 G
to the five spin-active nuclei (1  1H, 2  14N, 1  27Al).12a EPR spectra of both 3-GatBu
11b

and 3-GaDipp

11h

have been reported in the literature; however, the extreme line-

broadening observed for 3-GatBu has prevented the determination of accurate HFCCs for
this radical and only the magnitudes of the

69,71

Ga HFCCs have been determined.12a In

contrast, a good simulation of the experimental EPR spectrum of 3-GaDipp has been
obtained using HFCCs to

69,71

Ga (17.0 G, 20.5 G), two equivalent

14

N atoms (6.00 G),

and two equivalent 1H nuclei (5.80 G).11h These values are in good agreement with the
calculated values for the closely related species 3-GaPh (Table 2). The most notable
discrepancies between the experimental and calculated values are the underestimation of
the

14

N HFCCs, which was also observed in our previous investigation of the related

boraamidinate14 complexes 4, and the slight overestimation of the 1H HFCCs. As the
hyperfine couplings to the hydrogen atoms of the DAB backbone arise due to spin-
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polarization, this behaviour is to be expected since unrestricted calculations are known to
overestimate the amount of the effect.17
Though no hyperfine couplings to the second DAB unit in 3-AltBu, 3-GatBu, or 3GaDipp have been detected experimentally, the experimental spectra all have relatively
broad line shapes and display an S-curve, indicative of the presence of small unresolved
HFCCs.11b,h;12a ENDOR analysis of 3-GaDipp has confirmed the presence of small (ca. 1
G) 1H couplings which the authors assigned to the hydrogen atoms of the isopropylmethyl groups.11h However, the computational results suggest an alternative
assignment of these HFCCs, as 1H hyperfine couplings of this magnitude are predicted to
the two CH hydrogen atoms of the second DAB unit of 3-GaPh.
The good correlation between the experimental and calculated HFCCs for systems
3-AlR and 3-GaR indicates that calculations at this level are appropriate for both of these
systems and thus should provide useful insights and semi-quantitative results regarding
the spin density distributions of the related radicals 6-MRX and 7-MRX.

Monocyclic group 13 diazabutadiene monoradicals
The paramagnetic gallium diazabutadiene complexes [(RDAB)GaI2] (R = Dipp, 6GaDippI; R = Mes, 6-GaMesI; R = Xyl, 6-GaXylI) have been synthesized by the reduction of
the corresponding neutral RDAB ligands with Green’s “GaI”;11d,e,h the alkyl derivative
[(tBuDAB)GaI2] (6-GatBuI) has also been reported as the minor product from the
analogous reaction involving the tBuDAB ligand.11e All four of these compounds have
been characterized in the solid state, but EPR spectra have only been reported for 6GatBuI and 6-GaDippI.
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The experimental EPR spectrum of 6-GaDippI is very poorly resolved, and the
number and magnitude of the HFCCs present could only be estimated.11d,h The initial
spectral simulation of 6-GaDippI employed a 27 G coupling to the 69,71Ga metal, 4 G and 7
G couplings to the imine hydrogen and nitrogen atoms, respectively, and a 8 G coupling
to each of the two 127I nuclei.11d A new spectral interpretation which employs a drastically
different iodine HFCCs (<1.5 G) was recently published.11h The authors rationalized the
occurrence of only relatively small couplings to the

127

I nuclei in 6-GaDippI with

experimental data available for other known systems of the type 6-MRI (vide infra) and
for

the

structurally

related

radicals

{(tBuDAB)Ga[Pn(SiMe3)2]2}

and

{(tBuDAB)Ga[Pn(SiMe3)2][I]} (Pn = N, P, As) which all display negligible couplings
to the remote group 15 and 17 nuclei. However, no attempt was made to confirm either of
these sets of HFCCs by theoretical means.
Curiously, the EPR spectrum of the alkyl analogue 6-GatBuI has a width of ca. 60
G,11e while the EPR spectrum of 6-GaDippI is nearly 200 G in width,11d,h indicating that
significantly smaller hyperfine couplings are present in 6-GatBuI. A satisfactory
simulation of the experimental spectrum of 6-GatBuI has been obtained by including
HFCCs to two 1H atoms (1.4 G), two 14N nuclei (8.62 G), two 127I centres (1.3 G), and an
appropriate combination of 69Ga (1.3 G) and 71Ga (1.65 G).11e These values (see Table 3)
contrast sharply with the estimated HFCCs for 6-GaDippI,11d,h for which a significantly
larger gallium coupling ( 25 G) is thought to exist; the magnitude of the gallium
hyperfine coupling in 6-GaDippI has recently been confirmed with ENDOR
measurements.11h The estimated 1H couplings (1.4 G) in 6-GatBuI are also anomalously
low and well out of the range typically observed for DAB centred radicals (5–7 G)711.
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At the same time as 6-GatBuI, the aluminium analogue [(DippDAB)AlI2] (6AlDippI) was also reported and characterized by both X-ray crystallography and EPR
spectroscopy (Table 3).11e The width of the poorly resolved EPR spectrum of 6-AlDippI is
similar to that of 6-GatBuI, but a significantly larger 1H coupling (5.95 G) is believed to
be present in 6-AlDippI, which is comparable to those observed in other paramagnetic
DAB complexes. Extremely small couplings to both the

27

Al (2.85 G) and

127

I (0.4 G)

nuclei were also detected in the EPR spectrum of 6-AlDippI; the large 3.5 G line width
observed for 6-AlDippI renders these assignments somewhat speculative. However, the
simple general appearance of the spectrum (nine lines) and the relatively small spectral
width clearly rule out the possibility of large couplings to any high-spin nuclei such as
27

Al and 127I.
More recently, the indium complex [(DippDAB)InCl2] (6-InDippCl) has been

isolated in low yield (<5 %) from the reaction of [(DippDAB)Li2] with InCl;11h the EPR
spectrum of 6-InDippCl is clearly dominated by a large HFCC to the indium atom (26.1 G).
Though accurate values for the 1H and

14

N HFCCs could not be extracted due to the

exceptionally broad nature of the spectral lines (line width  20 G), they have been
estimated at approximately 5 G each, which contrasts with the HFCCs assigned for 6GatBuI, but is consistent with those observed for other DAB radical complexes, including
6-AlDippI and 6-GaDippI. The 35,37Cl HFCCs are unresolved in the experimental spectrum.
In light of the conflicting HFCCs reported for complexes of types 6-MRX, DFT
calculations have now been carried out on a range of these systems, examining the effect
of altering the halogen atom, the DAB nitrogen substituents, and the identity of the group
13 element on the expected HFCCs for these radicals. The calculated metrical parameters
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(see supplementary information) are in good agreement with the structural data obtained
from single crystal X-ray diffraction experiments.11d,e,h The largest discrepancies are
observed for the indium system 6-InPhCl/6-InDippCl due to the presence of a molecule of
THF coordinated to the In atom of 6-InDippCl which was not included in the calculated
structure of 6-InPhCl.11h
The SOMOs of the monocyclic systems 6-MRX are nearly identical, and are
similar to those of the spirocyclic radicals 3-MR. The calculated HFCCs for 6-AlPhI, 6GatBuI, 6-GaPhI, and 6-InPhCl are compiled in Table 3; the values for other derivatives of
6-MRX are included as supplementary information. Focusing on the aluminium systems
6-AlRX, it is noted that the halogen HFCCs exhibit only a small dependence on the
identity of the R-group, and that the magnitudes of the 1H and

14

N HFCCs remain

essentially unchanged throughout this series (see supplementary information). The
absolute value of the aluminium HFCC for these monocycles is predicted to be slightly
larger (8 G) than the corresponding coupling in the spirocycles 3-AlR, while the ranges of
1

H (67 G) and 14N (34 G) HFCCs for 6-AlRX are comparable to those of 3-AlR. Though

the halogen atoms make only a minor contribution to the SOMO, relatively large (610
G) hyperfine couplings are predicted to

19

F,

79,81

Br, and

127

I nuclei due their large

gyromagnetic ratios.16 The sizes of these HFCCs are predicted to increase slightly with
increasing size of the alkyl substituent; intermediate values were calculated for the
aromatic derivatives 6-AlPhX due to the more electron-withdrawing nature of their phenyl
rings. In the light of controversy surrounding the assignment of a

127

I HFCC in

compounds 6-AlDippI, 6-GatBuI, and 6-GaDippI,11d,h these results are of especial import.
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The calculated 1H,

14

N, and halogen HFCCs for the gallium 6-GaRX and indium

6-InRX systems are consistent with those predicted and discussed for 6-AlRX above. The
couplings to the central metals gallium ( 25 G) and indium ( 35 G) are larger than the
HFCCs predicted for the aluminium compounds partially due to the larger gyromagnetic
ratios of these heavier isotopes.16 The calculated data for 6-MRX (see supplementary
information) show that the identity of the halogen atom and the R-group have only very
small influence to the HFCC to the central metal; the numerical values remain fairly
constant throughout the series and no anomalously low couplings are observed for any of
the compounds.
The calculated HFCCs for systems 6-AlRI and 6-GaRI clearly imply the presence
of approximately 10 G iodine couplings in all compounds (see supplementary
information). While such large values have previously been considered impossible (vide
supra),11e,g,h we have recently shown that the EPR spectra of the structurally related
systems {(tBuDAB)Ga[Pn(SiMe3)2][I]} (Pn = N, P, As)11g have been misinterpreted in
the past and that these compounds in fact display

127

I couplings as large as 20 G; the

analogous dipnictogen species {(tBuDAB)Ga[Pn(SiMe3)2]2} (Pn = P, As)11g also
exhibit approximately 10 G couplings to the remote Pn nuclei.18 In addition, EPR studies
on the isoelectronic zinc systems {[(tBuDAB)ZnX2]} (X = Cl, Br), which produce
well-resolved spectra, have demonstrated that the bromine derivative displays an
approximately 9 G coupling to the heavy halogen

79,81

Br.10 In light of these experimental

data and the present computational analyses, it appears highly unlikely that the group 13
systems 6-MRI would exhibit such small HFCCs to iodine as has been inferred
previously.11e,g,h

14

A comparison between the calculated HFCCs for the gallium species 6-GaRI and
the experimentally gleaned HFCCs for 6-GatBuI

11e

and 6-GaDippI

11d,h

reveals a strong

correlation between the calculated values for 6-GaPhI and those estimated based on the
EPR spectrum of the closely related 6-GaDippI (Table 3). The experimental and calculated
69

Ga hyperfine couplings differ by only 2 G; this agreement is excellent considering the

difficulties associated with the accurate modelling of spin-polarization effects. As noted
before, there has been some controversy about the size of the iodine coupling in 6-GaDippI
and two significantly different values, 1.5 G and 8 G, have been suggested.11d,h The
present work lends strong support for the latter interpretation as the calculated

127

I

hyperfine coupling for 6-GaDippI is 8.9 G. While calculations have predicted the 1H
HFCC to be larger than the

14

N HFCC, the reverse has been determined

experimentally.11d,h This can be attributed to the tendency of the chosen theoretical
method to overestimate 1H couplings while underestimating the

14

N HFCC which was

noted and discussed above. It is also possible that the experimental

14

N HFCCs, which

are only estimated values, are slightly erroneous due the poorly resolved nature of the
experimental EPR spectrum.
Conversely, little or no correlation can be made between the calculated and
experimental HFCCs for the tBuDAB complex 6-GatBuI (Table 3). While the calculated
data indicate that the 69Ga, 1H, and 127I HFCCs of 6-GatBuI should be quite close to those
of 6-GaPhI/6-GaDippI, the experimentally determined coupling constants are a mere 1.5 G
each (!).11e At the present time, no definite explanation for these anomalous values can be
offered, other than to note that the experimentally determined HFCCs and g-value for 6GatBuI are surprisingly similar to those reported for the dimeric diradical
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{[(tBuDAB)GaI]2} (7-GatBuI).11e Interestingly, the ENDOR spectra reported for 6GatBuI and 7-GatBuI are also virtually identical.11h It is possible that compounds 6-GatBuI
and 7-GatBuI, which are the minor and major products, respectively, of the same reaction,
undergo various processes (such as disproportionation) in solution which equilibrate to
yield significant amounts of the paramagnetic species that has been detected by EPR
spectroscopy. We will resume to this topic in more detail in the next section discussing
the dimeric diradicals 7-MRX.
In the case of the aluminium systems 6-AlRI, the HFCCs estimated based on the
experimental EPR spectrum of 6-AlDippI

11e

are not entirely consistent with those

calculated for 6-AlPhI (Table 3). While reasonable agreement is found for the 1H and 14N
couplings, the observed

27

Al and

127

I HFCCs are again considerably smaller than the

predicted values. As 6-AlDippI is expected to display a significant

127

I coupling, it seems

reasonable to suggest that the species characterized in solution by EPR spectroscopy is
not the same radical 6-AlDippI that was identified in the solid state by X-ray
crystallography. This conclusion is further supported by the experimental observation that
the reduction of 6-AlDippI with excess potassium in THF does not lead to the MI carbene
analogue [(DippDAB)Al:], whereas the same reaction with 6-GaDippI proceeds as
expected and gives the potassium salt of [(DippDAB)Ga:].11e In addition, the ENDOR
spectra reported for 6-AlDippI and 6-GaDippI show no apparent similarities around the
proton Larmor frequency.11h
The identity of the chemical species giving the EPR spectrum assigned to 6AlDippI was probed with additional DFT calculations. Several possible paramagnetic
systems

were

examined,

including

{[(RDAB)Al]},

16

{[(RDAB)AlI]},

and

{[(RDAB)AlI]+}. It was found that the calculated HFCCs for any of these radicals do
not accurately reproduce the simple nine line EPR spectrum reported for 6-AlDippI. Thus,
we cannot at this stage provide a definite identification of this paramagnetic species, but
suggest that further experimental work is in order to gain a better understanding of this
system.
While the experimental11h and calculated HFCCs for the indium complexes 6InDippCl and 6-InPhCl are in excellent agreement with each other, it must be noted that the
EPR spectrum of 6-InDippCl has such broad lines that it can be simulated in a number of
different ways, using a range (0–5 G) of both 1H and

14

N HFCCs and adjusting the line

width parameter of the simulation program appropriately. The broad line shape also
masks any information regarding the 35,37Cl HFCCs as these couplings are expected to be
approximately 1 G (Table 3). In consequence, the accuracy of the experimentally derived
1

H and

14

N HFCCs should not be overestimated. However, as the

115

In coupling can

readily be extracted from the experimental EPR spectrum of 6-InDippCl, a comparison of
this value (27 G) with the calculated HFCC (33.7 G) is much more valid: though the
agreement is not exact, the fit is reasonable.

Dimeric group 13 diazabutadiene diradicals
The first complex of a group 13 element with not one but two paramagnetic DAB ligands
was reported recently.11f This dimeric diradical consists of two [(DippDAB)InCl]
fragments which dimerize via indium-indium bond formation to yield the indium(II)
complex {[(DippDAB)InCl]2} (7-InDippCl). Red crystals of this diradical were
recovered as a minor product (12 %) of a disproportionation reaction between InCl and
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the neutral Dipp-DAB ligand. Still more recently, three gallium analogues of this
complex have been isolated as products of complex reaction mixtures and characterized
by X-ray crystallography.11e,h The two aromatic derivatives {[(DippDAB)GaX]2} (X =
Br, 7-GaDippBr; X = I, 7-GaDippI)11h are isostructural with 7-InDippCl, with the halogen
atoms anti to one another; for the alkyl-substituted complex {[(tBuDAB)GaI]2} (7GatBuI),11e the iodine atoms are in a staggered conformation with a IGaGaI dihedral angle
of 73. This difference in geometry appears to result in massive changes to the electronic
structures of 7-GatBuX and 7-GaDippX, with a 69Ga HFCC of 1.20 G reported for 7-GatBuI,
while substantially larger values of 22.5 G and 17.0 G are observed for 7-GaDippBr and 7GaDippI, respectively.11e,h
The reason for the experimentally observed differences between the solid state
structures of 7-GatBuX and 7-GaDippX, and the resultant alteration in the magnitude of the
gallium HFCC was probed using DFT calculations. For 7-GaRX (R = H, Me, tBu, Ph), the
global energy minimum occurs when the two halogen atoms are in a staggered
conformation, in agreement with the experimentally determined structure of 7-GatBuI.
Calculations were done varying the identity of the halogen atom by employing two
fluorine, chlorine, bromine, or iodine atoms; the identity of the halogen atoms was not
observed to affect the predicted geometry of the molecule. The calculated and
experimentally11e,h determined metrical parameters for staggered-7-GatBuI, and anti-7GaPhBr,I/anti-7-GaDippBr,I are compiled in supplementary information.
A distinct anomaly is seen for the GaGa bond length in anti-7-GaPhI/anti-7GaDippI: the calculated bond length for the phenyl derivative is 2.461 Å while the
experimental value for the Dipp system is considerable larger at 2.575 Å.11h At first, it is
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tempting to assign this discrepancy to the larger steric bulk of the Dipp substituent
compared to the phenyl. However, the calculated and experimental11h GaGa bond
lengths for the related bromine pair anti-7-GaPhBr/anti-7-GaDippBr are in excellent
agreement: 2.454 Å and 2.466 Å for anti-7-GaPhBr and anti-7-GaDippBr, respectively.
Nevertheless, the fact that the systems 7-GaPhX are energetically expected to display an
approximately staggered orientation of their two X atoms, while the closely related
complexes 7-GaDippBr and 7-GaDippI are both known to exist in the anti conformation is
believed to be due to the large size of the bulky Dipp substituents: the steric repulsions
between the Dipp groups render the anti geometry more stable. It should also be noted
that the staggered conformations of 7-GaPhX are calculated to be only about 2030 kJ
mol1 more stable than the anti isomers.
Similar calculations were done for the aluminium and indium analogues
{[(RDAB)AlX]2} (7-AlRX) and {[(RDAB)InX]2} (7-InRX). In all cases, regardless
of the identity of the halogen atoms and substituents R, the lowest-energy geometries
were found to be those where an approximately staggered conformation of the DAB
ligands was observed. Though the aluminium complexes 7-AlRX are as yet unknown, the
indium species 7-InDippCl has been characterized in the solid state and is known to exist in
the anti conformation, likely due to the presence of a bulky Dipp groups on each nitrogen
atom of the DAB ligands.11f The calculated and experimentally11f determined metrical
parameters for anti-7-InPhCl/anti-7-InDippCl pair are included in supplementary
information.
The nature of the singly occupied molecular orbitals of the staggered isomers of
7-MRX were found to exhibit only minimal dependence on the identity of the group 13
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atom, the halogen atoms, and the substituents on the DAB nitrogen atoms. As seen earlier
for radicals 3-MR and 6-MRX, the SOMOs are mostly ligand centred. Only one of the two
SOMOs is found to be bonding between the two [(RDAB)MX] units; the bonding
contribution is visible only when relatively small isosurface values are probed. The
SOMOs of the anti isomers of 7-MRX are similarly independent of the identities of the
group 13 atom, halogen atoms, and the R-group. The orbitals are ligand centred and very
similar to what is observed for the staggered isomers. Interestingly, the SOMO of the anti
isomer shows a bonding interaction through the M–M linkage only at exceptionally small
isosurface values. This not only results in somewhat elongated M–M bonds in the anti
isomers compared to the staggered, but also rationalizes why the staggered orientation is
slightly lower in energy.
An examination of the SOMOs of systems 7-MRX reveals that they should be
disjoint diradicals with little or no exchange interaction between the two paramagnetic
centres as the two MOs can be localized on separate groups of atoms; hence, doublet-type
EPR spectra are predicted. For the staggered isomers, each unpaired electron is expected
to interact with one group 13 atom, one halogen atom, two inequivalent

14

N atoms and

two inequivalent 1H nuclei due to the C2 symmetry of the molecules. The two 14N HFCCs
are similar in all these systems and within a given species do not differ from each other
by more than 0.5 G (see supplementary information). These couplings are smaller than
those predicted for the monoradicals 3-MR and 6-MRX, with an approximate value of 2 G.
Likewise, the 1H coupling constants are within 0.5 G of each other in a given derivative
of 7-MRX: they do not vary significantly throughout these systems. The HFCCs to the
halogen atoms are consistent with the relative sizes of the isotropic hyperfine constants of
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these nuclei: the largest predicted couplings are to fluorine ( 12 G) and iodine ( 10 G),
with smaller HFCCs to bromine ( 8 G) and chlorine ( 2 G). The calculated iodine
HFCCs are considerably larger than expected based on the experimental information
available;11e,f,h however, both our calculations for 6-MRI and for some related galliumpnictogen systems18 have clearly indicated that accurate 127I HFCCs are generated by the
theoretical method used.
Changing the geometry of the diradicals 7-MPhX from staggered to anti
conformation has a distinct effect on the calculated magnitudes of the HFCCs to the
group 13 nuclei (see supplementary information). In the case of gallium, the 69Ga HFCC
decreases 3–5 G, depending on the identity of the halogen atoms, while the indium
HFCCs drop approximately 6 G. The effect of geometry to the 1H,

14

N, and halogen

HFCCs is markedly smaller and generally on the order of half a Gauss.
Looking more closely at a specific diradical system, no correlation between the
HFCCs inferred from the experimental EPR spectrum of 7-GaDippI and the calculated
values for anti-7-GaPhI exists (see Table 4). In solution, 7-GaDippI gives rise to a wellresolved EPR spectrum such that it is possible to extract accurate values for not only the
69

Ga HFCC, but also the 1H and

14

N HFCCs.11h However, very poor agreement is

observed between the calculated and experimentally determined HFCCs: the predicted
69

Ga HFCC is 3.6 G, while the experimental value is 17.0 G, and both the 1H and

14

N

HFCCs are approximately 3 G higher than the calculated values. Though the predicted
127

I HFCC is 6.6 G  a value which should be clearly visible in the EPR spectrum  the

available experimental data shows no indication of such a large iodine coupling. In fact, a
closer look to the experimental data reveals that both the EPR and ENDOR spectra of 7-

21

GaDippI are virtually identical to that reported for the spirocyclic radical 3-GaDipp for
which the calculations reproduced the experimental HFCCs well;11h the reported g-values
of the radicals 7-GaDippI and 3-GaDipp are also the same (2.0032). Thus, the experimental
and computational evidence suggest that the gallium diradical 7-GaDippI, which is
obtained as a minor product from the reaction between a Dipp-DAB ligand and “GaI”,
undergoes a rearrangement (disproportionation) in solution to yield the well-known,
stable, spirocyclic radical 3-GaDipp.
Additional evidence which supports the above hypothesis is obtained from the
crystal structure of 7-GaDippI.11h As noted earlier, the experimental GaGa bond length is
0.1 Å longer than what is found for the analogous Br compound 7-GaDippBr.11h This
strongly suggests that the GaGa bonds in 7-GaDippX are relatively easily perturbed
which could facilitate the break-up of the triplet state diradicals in solution. Theoretical
calculations for systems 7-GaPhX with elongated GaGa bond lengths confirmed this
reasoning as an increase of 0.1 Å in bond length was found to raise the total energy of a
given compound by only 10 kJ mol1.
To stress the hypothesis even further, reaction energies were calculated at the
PBE0/TZVP level of theory for a simple disproportionation reaction giving the expected
end product 3-GaDipp i.e. 2{[(RDAB)GaI]2}  2[(RDAB)2Ga] + Ga2I4. This
reaction is found to be vastly endergonic for the R = H derivative (G = 160 kJ mol1)
but becomes more favourable as the size of the substituent R increases; for the R = Ph
derivative, the reaction is essentially thermoneutral (G = 8 kJ mol1). Although we did
not repeat the calculations using the experimental Dipp substituted systems due to their
large computational cost, it feels reasonable to expect that the energy for that reaction is
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close to, or possibly even less than, the value calculated utilizing the Ph derivatives. We
also note that the above disproportionation reaction can be further driven to the exergonic
side by subsequent transformations of Ga2I4 to a mixture of gallium sub-iodides having
the Ga metal in either +3 or +1 oxidation state c.f. Green’s “GaI”.19 Thus, it seems more
than plausible that the diradical 7-GaDippI undergoes a variety of reactions in solution,
yielding the spirocyclic radical 3-GaDipp that has been observed by EPR and ENDOR
spectroscopies.11h Unfortunately, no UV-vis data has been reported for either 7-GaDippI or
3-GaDipp which could be used to either confirm or refute this hypothesis.
The lone bromine-containing derivative 7-GaDippBr gives rise to a solution EPR
spectrum consisting of a broad resonance ( 200 G) with unresolved hyperfine
couplings.11h Due to the poor resolution of the spectrum, the experimentally derived
HFCCs (Table 4) are only estimated values: in fact, attempts to simulate the experimental
EPR spectrum using the reported HFCCs do not accurately reproduce the shape or width
of the experimental spectrum (see Figure 2a).20 Similarly, when the calculated HFCCs are
employed, the simulated EPR spectrum is also considerable narrower than the
experimental (not shown). The broad EPR spectrum observed for 7-GaDippBr clearly
indicates a large

69,71

Ga coupling of approximately 2025 G in size. Thus, the

experimentally obtained solution EPR spectrum is not, in fact, produced by 7-GaDippBr, as
its calculated HFCCs show only a very minute coupling to the group 13 metal (see Table
4). Based on the above analysis for 7-GaDippI, it is tempting to propose that the bromine
derivative, like its iodine analogue, undergoes disproportionation in solution. The end
product cannot, however, be the spirocyclic monoradical 3-GaDipp as it produces an EPR
spectrum which is markedly different than that observed for 7-GaDippBr.
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To shed light upon this matter, the reported EPR spectrum of 7-GaDippBr was reanalysed.11h The spectrum displays a broad singlet signal with a plethora of fine structure.
Upon closer inspection, it was found that the peak distances within the fine structure are
approximately constant throughout the whole spectrum. This implies that the
paramagnetic species in question displays a  6 G HFCC to a high-spin nucleus or to a
several nuclei with lower spins (possibly 1H and 14N). The broad nature of the signal also
implies that more than one large (> 10 G) coupling is present. In addition to the large
69,71

Ga HFCC, these couplings could well be due to the

79,81

Br nuclei if the

disproportionation of 7-GaDippBr yields, for example, the monocyclic radical
[(DippDAB)GaBr2] (6-GaDippBr). This assumption was tested by carrying out spectral
simulations utilizing the calculated HFCCs of 6-GaDippBr as a starting point.
The newly simulated20 EPR spectrum of 7-GaDippBr is shown in Figure 2b and is a
excellent match with the published EPR spectrum.11h The simulation employs 18 G and
25 G HFCCs to
14

69

Ga and

71

Ga isotopes, respectively, 6 G couplings to two 1H and two

N nuclei, as well as an appropriate combination of

79

Br (11.0 G) and

81

Br (11.9 G)

couplings to the two halogen centres. These values are in good agreement with the
computational results for 6-GaDippBr and provide solid evidence that the species present in
the EPR spectrum of 7-GaDippBr is not the dimeric diradical observed in the solid state but
instead the monocyclic radical [(DippDAB)GaBr2].
Not entirely surprising is the observation that no correlation between the HFCCs
reported from the experimental EPR spectrum of 7-InDippCl and the calculated values for
anti-7-InPhCl exists (see Table 4). For example, the reported indium HFCC is 26.2 G,
while the predicted value is 4.3 G; the expected 1H (2.6 G) and 14N (2.2 G) HFCCs are
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both considerable smaller than those cited in the literature.11f As noted above, the
reported EPR spectrum of 7-InDippCl, including its width, g-value,

115

In HFCC, and line

width, is essentially identical to that reported for the monocyclic monoradical 6InDippCl.11h In fact the dimeric diradical 7-InDippCl crystallizes with an equivalent of the
neutral DippDAB ligand in its lattice.11f Thus, once single crystals of 7-InDippCl are
dissolved in solution so as to obtain an EPR spectrum, the two species are free to react, as
neutral DAB ligands are readily reduced. Taking into account the tendency of the
analogous Dipp substituted gallium systems to undergo disproportionation reactions in
solution, it is not difficult to envisage a reaction mechanism whereby the disproportion of
7-InDippCl in the presence of an equivalent of DippDAB, accompanied by chloride ion
transfer, produces the monocyclic radical 6-InDippCl. This would explain both the
surprising similarities between the EPR spectra of 6-InDippCl and 7-InDippCl, and the
discrepancies between the experimentally derived and calculated
InDippCl and 7-InPhCl. However, since no definite

35,37
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In HFCCs for 7-

Cl couplings have been detected in

the experimental spectra of both 6-InDippCl and 7-InDippCl, it is also possible that the
paramagnetic species present in the solution is the spirocyclic monoradical 3-InDipp (vide
supra). Further experimental data, perhaps in the guise of UV-vis spectra, are needed to
fully resolve this issue.
The final compound for which both experimental and calculated data are available
is the alkyl derivative 7-GatBuI. As it exists in the staggered conformation in the solid
state,11e calculations have indicated that it should have a significantly larger

69

Ga HFCC

(11.2 G) than its Dipp analogues 7-GaDippBr and 7-GaDippI; conversely, the
experimentally estimated

69

Ga HFCC of 7-GatBuI is a mere 1.3 G (see Table 4).11e The
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experimental EPR spectrum of 7-GatBuI is very poorly resolved, and has not allowed for
accurate determination of the 1H and 14N HFCCs. As the general features of this spectrum
are quite similar to those of the better-resolved spectrum of 6-GatBuI described earlier, the
spectrum of 7-GatBuI was simulated using the same HFCCs, but a larger line width.11e
Since the g-values of the experimental EPR spectra of 6-GatBuI (2.0038) and 7-GatBuI
(2.00385) are nearly identical and their EPR (and also ENDOR) spectra can be
adequately simulated using the same HFCCs,11e,h it seems probable that the species
contributing to the experimental EPR spectrum of 7-GatBuI is the same species observed
in the EPR spectrum of 6-GatBuI. However, the theoretical calculations reported herein
clearly exclude the possibility that this unknown species would be of any of the types
observed earlier i.e. a spirocyclic, monocyclic, or a dimeric gallium DAB radical. Thus,
we are unable to provide a definite identification for this species. Detailed theoretical
investigations of this system, as well as the aluminium monocycle 6-AltBuI, are currently
being pursued.

Conclusions
The electronic structures and the spin density distributions of the group 13 DAB radicals
[(RDAB)2M] (3-MR), [(RDAB)MX2] (6-MRX), and {[(RDAB)MX]2} (7-MRX) (M
= Al, Ga, In; X = F, Cl, Br, I; R = H, Me, tBu, Ph) were studied using density functional
theory. The calculations accurately reproduce the geometries of all systems and clearly
demonstrate that all radicals have qualitatively similar SOMOs with the unpaired
electron(s) residing on the diazabutadiene backbone(s). Thus, all compounds are
primarily ligand centred -radicals which exhibit only relatively weak interactions
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between the unpaired electron and the group 13 and halogen nuclei. The metal, nitrogen,
and hydrogen hyperfine couplings were found to be independent of the identity of the Rgroup or the halogen atom. They are, however, dependent on the geometry (staggered vs.
anti isomer for 7-MRX) and on the oxidation state of the metal centre; though comparable
HFCCs are obtained for systems 3-MR and 6-MRX (formally MIII), the HFFCs of 7-MRX
(formally MII) differ markedly from other results. Both observed trends contrast the
conclusions made based on experimental EPR and ENDOR spectra.
A near-excellent agreement between the calculated and experimentally
determined HFCCs is found for the spirocyclic aluminum and gallium radicals 3-AlR and
3-GaR, as well as for the monocyclic radicals 6-GaPhI/6-GaDippI and 6-InPhCl/6-InDippCl.
However, very poor or no agreement is found for the monocycles 6-AlPhI/6-AlDippI and 6GatBuI, and for the dimeric diradicals 7-MRX. Theoretical calculations and a re-evaluation
of the experimental data indicated that in the case of dimeric diradicals, the paramagnetic
species characterized in solution by EPR and ENDOR spectroscopies are not the same
radicals that were identified in the solid state by X-ray crystallography: in solution the
Dipp-substituted

diradicals

7-GaDippBr,

7-GaDippI

and

7-InDippCl

undergo

disproportionation reactions and form the mono- and spirocycles 6-GaDippBr, 3-GaDipp,
and 6-InDippCl, respectively. It was also demonstrated that the radical species contributing
to the experimental EPR spectrum of 7-GatBuI is the same species observed in the EPR
spectrum of 6-GaDippI; definite identification of this paramagnetic system could not,
however, be given.
The present study clearly demonstrates the ability of theoretical methods to
produce realistic spin densities and, hence, accurate EPR hyperfine coupling constants.
Such data is indispensable in the analysis of EPR spectra of inorganic compounds which
27

are often complicated by the presence of a number of nuclei with several magnetically
active isotopes, and are thus readily misinterpreted.

Computational Details
The geometries of all compounds were optimized in their ground states using DFT. The
calculations utilized the hybrid PBE0 exchange-correlation functional21 and Ahlrichs'
triple-zeta valence basis sets augmented by one set of polarization functions (TZVP).22
For iodine and indium, the corresponding ECP basis sets were used.22 The PBE0 hybrid
density functional was chosen on the grounds of several published benchmarks that have
shown it to perform well in calculating molecular properties for a wide variety of
chemical systems.23 The way in which the PBE0 functional is constructed and the lack of
empirical parameters fitted to specific physical properties also make it appealing from a
purely theoretical standpoint. Appropriate molecular point groups were used to improve
the efficiency of the calculations. All geometry optimizations were done with the
Turbomole 5.7.124 and Gaussian 0325 program packages.
Hyperfine coupling constants were calculated for all paramagnetic systems in
their geometry optimized structures by using both non-relativistic and fully relativistic
methods and the unrestricted Kohn-Sham formalism. The non-relativistic calculations
utilized the same basis sets and density functional as the geometry optimizations; several
benchmarks have recently been published which demonstrate the suitability of TZVP
basis set for the calculation of EPR parameters.26 For the heavier nuclei indium and
iodine, the use of ECPs prevents the direct determination of HFCCs using the same
method. In addition, relativistic calculations are essential in order to obtain more than a
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qualitative accuracy. Thus, relativistic calculations for all systems with In and I atoms
were carried out. The calculations utilized the large QZ4P STO basis set, the PBEPBE
GGA functional21ac as well as the scalar-relativistic ZORA formalism. The hyperfine
coupling constant calculations were done with the Gaussian 0325 (non-relativistic) and
ADF 2004.0127 program packages (relativistic). The values reported in Tables 2, 3, and 4
are non-relativistic for the lighter nuclei and scalar-relativistic for the heavier atoms
indium and iodine.
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Table 1 Calculated and experimental geometrical parameters of spirocyclic group 13
diazabutadiene complexes 3-MR a

r MN(1)

AltBu
Calc.
1.841

AltBu
Exptl.b
1.823

GatBu
Calc.
1.881

GatBu
Exptl.c
1.864

GaPh
Calc.
1.885

GaDipp
Exptl.d
1.901

r N(1)C(1)

1.402

1.415

1.397

1.395

1.394

1.392

r C(1)C(1*)

1.347

1.343

1.348

1.350

1.348

1.338

r N(1)C(3)

1.457

1.470

1.456

1.475

1.383

1.438

 N(1)MN(1*)

92.2

92.3

90.6

90.4

89.9

88.3

 MN(1)C(1)

106.2

106.8

106.4

107.2

106.8

107.7

 MN(1)C(3)

135.1

134.4

133.8

132.0

129.3

140.2

r MN(2)

1.946

1.920

1.996

1.970

1.972

2.007

r N(2)C(2)

1.327

1.339

1.326

1.326

1.334

1.332

r C(2)C(2*)

1.401

1.395

1.401

1.389

1.393

1.387

r N(2)C(4)

1.474

1.483

1.472

1.485

1.396

1.449

 N(2)MN(2*)

85.1

86.1

83.6

84.9

84.4

82.1

 MN(2)C(2)

109.9

109.4

109.9

109.0

109.8

110.0

 MN(2)C(4)

130.0

130.9

129.3

130.3

126.3

136.3

Parameter

120.7
120.5
121.6
121.3
119.5
125.3
 N(1)MN(2)
a
Average values of experimental parameters are reported. b Reference 11a. c Reference
11b. d Reference 11h.

34

Table 2 Calculated and experimental hyperfine coupling constants of spirocyclic group 13
diazabutadiene complexes 3-MR a
[(RDAB)2M]

R

M

M = 27Al

H

6.1

2.7

7.0

1.3

0.6

Me

6.5

3.4

6.2

1.2

0.5

Bub

6.9 (5)

3.6 (5)

6.1 (5)

1.1 (-)

0.5 (-)

Ph

6.4

3.1

5.0

1.0

0.1

H

21.5

3.4

6.7

1.7

0.7

Me

22.6

4.2

5.8

1.7

0.6

Bu
Ph /
Dippc

23.3 (18)
19.9 /
(17.0)

4.3 (-)
3.7 /
(6.0)

5.8 (-)
5.0 /
(5.8)

1.4 (-)
1.0 /
(-)

0.6 (-)
0.3 /
(-)

H

33.4

3.7

6.4

1.3

0.5

Me

34.1

4.5

5.6

1.2

0.4

t

34.8

4.6

5.6

1.0

0.4

t

M = 69Ga
t

M = 115In

Bu

14

1

N(1)

14

H(1)

N(2)

1

H(2)

Ph
3.9
0.7
0.2
29.5
5.0
b
Values reported in Gauss (1 G = 0.1 mT). Experimental results in parenthesis. Reference
11a. c Reference 11h.
a

Table 3 Calculated and experimental hyperfine coupling constants of monocyclic group 13
diazabutadiene radicals 6-MRX a
[(RDAB)MX2]

R

M

M = 27Al; X = 127I

Ph /
Dippb

8.4 /
(2.9)
25.8 (1.3)
24.2 /
(25)

M = 69Ga; X = 127I

t

Bub
Ph /
Dippc

14

N

1

H

X

3.7 /
(6.8)

6.6 /
(6.0)

6.8 /
(0.4)

4.5 (8.6)
4.3 /
(7)

5.8 (1.4)
6.3 /
(4)

11.9 (1.3)
8.9 /
(8)

Ph /
4.6 /
1.0 /
33.7 /
6.2 /
Dippd
(5)
(-)
(26)
(5)
a
b
Values reported in Gauss (1 G = 0.1 mT). Experimental results in parenthesis. Reference
11e. c Reference 11d. d Reference 11h.
M = 115In; X = 37Cl
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Table 4 Calculated and experimental hyperfine coupling constants of dimeric group 13
diazabutadiene diradicals 7-MRX a
14
1
R
M
N
H
X
{[(RDAB)MX]2}
Ph /
2.9 /
2.2 /
5.5 /
2.8 /
M = 69Ga; X = 81Br
b
Dipp
(22.5)
(6.0)
(1.5)
(5.8)
69
127
t
c
M = Ga; X = I
Bu
11.2 (1.2)
2.5 (8.4)
12.5 (1.3)
2.8 (1.4)
Ph /
3.6 /
2.2 /
6.6 /
2.8 /
b
Dipp
(17.0)
(6.0)
(0.4)
(5.8)
Ph /
4.3 /
2.2 /
0.9 /
2.6 /
Dippd
(26.2)
(5)
(-)
(5)
a
b
Values reported in Gauss (1 G = 0.1 mT). Experimental results in parenthesis. Reference
11h. c Reference 11e. d Reference 11f.
M = 115In; X = 35Cl
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Fig. 1 The SOMO of [(tBuDAB)2Al] at isosurface levels 0.06.
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a)

b)

3250

3300

3350 3400
[G]

3450

Fig. 2 The simulated EPR spectrum of {[(DippDAB)GaBr]2} using HFCCs (a)
reported in the literature and (b) determined for [(DippDAB)GaBr2] in this work (line
width = 6.5 G).
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