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ABSTRACT: Friedel—Crafts alkylation of 4-tert-butylaniline
with 2 equiv of benzhydrol affords bulky 2,6-bis-
(diphenylmethyl)-4-tert-butylaniline (Ar*NH,) in good yield,
which can be readily synthesized on a tens of grams scale. The
reaction of 6 equiv of Ar*NH, with triphosgene generates the
symmetric urea (Ar*NH),CO, which, upon dehydration with
a P,0,/ALO; slurry in pyridine, produces the sterically
encumbered carbodiimide (Ar*N),C as an air-stable white
solid. The treatment of (Ar*N),C with LiN=C'Bu, in
tetrahydrofuran cleanly gives the monomeric lithium guanidi-
nate Li[*"*ketguan], free of coordinating solvent, in 85% yield.
Protonation of Li[*"*ketguan] with lutidinium chloride
produces the guanidine **ketguanH (MW = 1112.60 g/
mol), which is easily derivatized to give the monomeric alkali

N
Y4
\( M = Li, K, Cs

Bu

MW > 1100 g/mol!

metal complexes M[***ketguan] (M = K, Cs) in 94% and 51% yield, respectively. The solid-state molecular structures of
M[**ketguan] (M = Li, K, Cs) show formally two-coordinate alkali metal cations encapsulated within a hydrophobic
coordination pocket formed by the peripheral diphenylmethyl substituents of the guanidinate. Remarkably, percent buried
volume analyses (% Vj,,) of M[**ketguan] [M = Li (94.8% V4y,,), K (92.1% Vy,,), Cs (81.7% Vp,,)] reveal a coordination cavity
that adjusts to individually accommodate the variously sized metal ions despite the highly encumbering nature of the ligand. This
demonstrates a flexible ligand framework that is able to stabilize low-coordinate metal centers within a “super bulky” coordination

environment.

B INTRODUCTION

The kinetic stabilization provided by sterically encumbering
ligands has enabled the synthesis of a wide range of metal
complexes featuring rare and remarkable bonding motifs with
unique reactivity patterns—motifs, in many cases, that would
otherwise be deemed too reactive or unstable for isolation. For
instance, triamidoamines, [{RN(CH,),}sN]*", are a popular
class of bulky tetradentate ligands that have been used with
metals for the capture and activation of small molecules. Upon
coordination, triamidoamines encapsulate a metal wherein the
pendant R groups form a hydrophobic cavity or “pocket”
through which the metal can be accessed. This feature has
allowed the trapping of weakly coordinating N,O with
vanadium in [{RN(CH,),}sNJV(N,O) (R = S-mesitylpyrrole;
n =1)," has been used in the activation of O, and stabilization
of the first structurally characterized terminal iron(III) oxo in
[{RN(CH,),}sNJFe(O) (R = (N'-tert-butylureaylato; n = 2),*
and has been employed in the capture of N, with [{RN-
(CH,),}5sN]Mo (R = hexaisopropylterphenyl; n = 2) for its
catalytic reduction to NH,?, and to prevent nitride bridging and
cluster aggregation in [{RN(CH,),};N]JU(N) (R = triisopro-
pylsilyl; n = 2) to give the first terminal uranium nitride.*
Likewise, other encapsulating or cavity-forming ligands have
been used to similar ends including the x5-alkoxytriazacyclo-
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nonane-supported uranium(I1) complex [(*!ArO);tacn]U
[(*4ArO)stacn = tris(3-adamantyl-5-tert-butyl-2-
hydroxybenzyl)triazacyclononane], which binds and reduces
CO, to give the uranium(IV ) species [(AdArO)3tacn]U(r]1-O=
C*-07),> while the scorpionate-type triscarbene [PhB-
(*Bulm),]~ [PhB(‘Bulm); = phenyltris(3-tert-butylimidazol-2-
ylidene)borato] has facilitated isolation of the cationic iron(V)
nitride [{PhB(‘Bulm);}FeN] [BAr],° just to name a few
examples.

Furthermore, highly encumbering ligands with low-coordi-
nation modes can force metals to adopt unsaturated geo-
metries. This phenomenon can give rise to metal complexes
that exhibit unusual electronic structures or rare bonding
modes.” For example, the chromium(I) aryl complex
Ar'CrCrAr’ [Ar' = 2,6-(2/,6'-diisopropylphenyl)terphenyl]
features a Cr—Cr quintuple bond, with each Cr displaying a
severely bent two-coordinate geometry.”* Bulky guanidinates
and f-diketiminates have been utilized to synthesize three-
coordinate, monovalent metal compounds with unprecedented,
unsupported metal-metal bonds such as those in the
magnesium(I) complex [{(“PPArN),C(R)}Mg], (“PPAr = 2,6-
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diisopropylphenyl; R = diisopropylamide) and the manganese-
(I) complex [{HC(CMeN%PAr),}Mn],.”** Additionally,
bulky aryls,”™ alkoxides,” and amides’™" have been used to
generate two-coordinate, open-shell transition-metal com-
plexes, including the linearly coordinated vanadium(II)
complex [FPAr(H)N],V [PrAr 2,6-(2'-4"-6"-
triisopropylphenyl)terphenyl],”” and have even enabled the
synthesis of a wide range of compounds possessing multiply
bonded main-group elements.”* Finally, to provide fine kinetic
control, massive coligands have also found use in catalysis."

Clearly, sterically encumbering ligands constitute an
important ligand class given the pronounced effect that they
can have on the structure and reactivity of metals. Thus, the
design and synthesis of new and novel sterically demanding
ligands is needed to continue to explore new routes to
achieving unique and challenging chemical transformations. To
this end, our laboratory has been targeting the synthesis of
highly encumbering, or “super bulky”, ligands based on the
popular guanidine scaffold, in particular, those that combine the
properties and characteristics of both encapsulating and low-
coordinating ligand classes.

We herein report the facile synthesis and characterization of
the new guanidinate [(Ar*N),C(R)]™ [[*“*ketguan]~; Ar*
2,6-bis(diphenylmethyl)-4-tert-butylphenyl and R = NC(‘Bu),],
which can be easily synthesized in a few steps on a multi¥ram
scale. Compared to other “bulky” guanidinate platforms'’ (or
their formamidinate or amidinate counterparts), [**ketguan]~
is unparalleled in scope and size and thus is best categorized as
belonging to a “super bulky” class unto its own. Moreover,
[A*ketguan]~ features a cylindrical hydrophobic binding
pocket, a characteristic not typical of guanidinates but similar
to those found in triamidoamines, while simultaneously
maintaining a low k’-coordination mode. Quite notably,
examination of its coordination profile with a range of group
1 cations, as determined by structural analyses and percent
buried volume calculations, reveals the coordination pocket of
[A"*ketguan]~ to be highly encumbering yet geometrically
flexible, or expandable, and able to accommodate metal ions of
disparate sizes.

B RESULTS AND DISCUSSION

Syntheses. We chose to use a guanidine framework for the
assembly of our “super bulky” ligand because guanidines are
highly modular and robust ligands with generally straightfor-
ward syntheses.'"> Additionally, guanidines most commonly
coordinate via a tweezer-like Kz-ligation mode, which, with
sufficiently encumbering pendant groups, could foreseeably act
to encapsulate a metal in a hinged clamshell fashion. The first
step toward accomplishing this required the synthesis of the
encumbering, but sterically flexible,"® aniline Ar¥*NH, [Ar* =
2,6-bis(diphenylmethyl)-4-tert-butylphenyl]. Following the pro-
tocol of Marké et al,'®'® Ar*NH, was synthesized in 80%
yield from the solvent-free Friedel—Crafts alkylation of 4-tert-
butylaniline with benzhydrol (eq 1), a reaction that we
performed up to a 60 g scale.

NH; HCI/ZnCl, Ph NHz ph
OH  125°C 3h
+ 2 125C58 ph Ph (1)
Ph Ph -2H,0
By Bu
Ar*NH,
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Ar*NH, is highly soluble in polar solvents such as CHCI,
and tetrahydrofuran (THF) but sparingly soluble in alcohols or
aliphatics such as methanol (MeOH) or hexane. The 'H NMR
spectrum of Ar*NH, in CDCl; reveals three singlets at 0.98,
3.28, and 5.47 ppm corresponding to the fert-butyl, amine, and
methine protons, respectively. The ortho, para, and meta
protons of the phenyl substituents appear as three well-
separated multiplets at 7.10, 7.22, and 7.29 ppm, respectively,
while the m-N-aryl protons of the aniline ring appear slightly
upfield as a singlet at 6.58 ppm.

Dehydrothiolation of thioureas or dehydration of ureas
generates carbodiimides, which serve as versatile guanidine
precursors.'> Our attempts to synthesize a thiourea from
Ar*NH, were unsuccessful; however, the addition of
triphosgene to a CH,Cl, solution containing 6 equiv of
Ar*NH,, in the presence of 6 equiv of p-(dimethylamino)-
pyridine (DMAP), followed by heating under reflux conditions
for 15 days, cleanly afforded the bulky urea (Ar*NH),CO in
86% yield (eq 2)."* (Ar¥*NH),CO is insoluble in aliphatic

Ph NHz pp
6 Ph Ph + C3C|603 + 6 DMAP
tBU (2)
choCl Ph Ph .
Gl f Bu
40°C 154 BU Ph 9 pn
——— Il
-6 DMAP-HCI ” N
Ph” ~Ph H pn>ph
(Ar*NH),CO

solvents, partially soluble in arenes such as toluene, and fully
soluble in THF and CHCl;. The 'H NMR spectrum of
(Ar*NH),CO in C¢Dj exhibits diagnostic tert-butyl, amine, and
methine resonances at 1.05, 4.55, and 6.31 ppm in an expected
18:2:4 ratio, respectively, consistent with a 2-fold geometry in
solution. Notably, the aryl protons from the diastereotopic
diphenylmethyl substituents appear in the '"H NMR spectrum
as a single set of multiplets at 6.99, 7.07, and 7.38 ppm in a
8:16:16 ratio, respectively, while the *C{'H} NMR spectrum
shows only eight resonances attributable to the carbon atoms of
both the aniline and phenyl rings. Altogether, these
observations suggest that rotation of the pendant NAr*
moieties about the N—C,, bonds in (Ar*NH),CO is not
hindered and is sufficiently rapid, on the NMR time scale, to
exchange the positions of the diastereotopic phenyl rings of the
diphenylmethyl groups. Finally, the *C{'H} NMR spectrum
also shows a distinctive carbonyl resonance at 154.7 ppm, while
the IR spectrum of (Ar*NH),CO displays characteristic
stretches for both the carbonyl (1691 cm™) and N—H (3389
cm™!) functionalities.

X-ray diffraction analysis of a single crystal of (Ar*NH),CO
(Figure 1), grown from a 1:1:5 THF/toluene/pentane solution
over several days at —27 °C, unambiguously established
composition and connectivity. (Ar*NH),CO crystallizes in
the orthorhombic space group Fdd2 and lies on a crystallo-
graphic special position whereby half of the molecule is
generated by inversion symmetry, showing the urea to adopt an
overall E;;,, conformation in the solid state.” In the solid-state
molecular structure, the pendant aniline groups are observed to
skew away from one another, forming a 72° dihedral angle
between the mean planes of the aniline rings. The C1-N1—

dx.doi.org/10.1021/ic501219q | Inorg. Chem. 2014, 53, 8155—-8164



Inorganic Chemistry

Figure 1. ORTEP diagram of (Ar*NH),CO with 35% probability
ellipsoids and hydrogen atoms omitted for clarity. Asterisks indicate
symmetry-related atoms. Selected bond lengths (A) and angles (deg):
C1-01 = 1214(3), CI-NI = 1.371(2), NI—=CI-NI* = 113.1(2).

C1* angle of 113.1(2)° in (Ar*NH),CO is unremarkable and
similar to that found in less cumbersome, symmetrical aryl
ureas, e.g, (PhNH),CO (N—C—N = 113.6°)."

The urea (Ar*NH),CO is readily dehydrated by its addition
to a vigorously stirring slurry of P,Os/ALO; in pyridine with
heating at 115 °C for 48 h."” Upon filtration and removal of the
solvent under reduced pressure, the carbodiimide (Ar*N),C is
cleanly obtained in 81% yield (eq 3) as a colorless, air-stable

Ph Ph .
t Bu
N N
Ph” ~Ph H H py>Ph
Ph (3)
t
Bu Ph
P>05 Ph._ _Ph
Al20s N=C=N
Pyridine Ph
115 °C Ph Ph B
- u
H,0 oh
(Ar*N),C

solid. (Ar*N),C is sparingly soluble in hexane but highly
soluble in aromatic solvents and CHCl,. Its "H NMR spectrum
in C4Dy displays two sharp resonances at 1.09 and 6.06 ppm in
an 18:4 ratio, attributable to the tert-butyl and methine protons,
respectively. Furthermore, a distinctive resonance is observed in
the “C{'H} NMR spectrum at 146.9 ppm corresponding to
the central carbon atom of the carbodiimide NCN moiety.
Single crystals of (Ar*N),C were grown as colorless plates
from the slow evaporation of a dilute CHCI, solution, open to
air, over the course of 10 days at room temperature. (Ar*N),C
crystallizes in the triclinic space group P1 and contains two
independent half-molecules in its asymmetric unit, each with
their central carbodiimide carbon atom positioned on a
crystallographic inversion center. The two molecules possess
near-identical metrical parameters, and the molecular structure
of one full molecule, generated by symmetry, is shown in Figure
2. In the solid state, (Ar*N),C adopts a trans configuration,
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Figure 2. ORTEP diagram of (Ar*N),C with 45% probability
ellipsoids and hydrogen atoms omitted for clarity. Asterisks indicate
symmetry-related atoms. Selected bond lengths (A) and angles (deg):
C1-N1 = 1.205(2), N1-C1-N1* = 180.0, C1-N1-C2 = 143.7(2),
C2—NI1-NI1*-C2* = 180.0.

with its aniline rings positioned in a coplanar orientation.
Interestingly, the linear heteroallene N—C—N angle (N1-C1—
N1* = 180.0°) in (Ar*N),C is atypical of carbodiimides, which
normally exhibit slightly bent N—C—N angles, e.g,, (ArN),C
[Ar = 2,6-diisopropylphenyl, N—C—N = 167.8(2)°% Ar
mesityl, N—C—-N = 169.3(2)°],'® while the carbodiimide N—C
bond length [N1-Cl 1.205(2) A] of (Ar*N),C is
unexceptional and comparable to that of other aryl
carbodiimides, e.g,, (ArN),C [Ar = 2,6-diisopropylphenyl, N—
C = 1.213(2) A; Ar = mesityl, N—C = 1.211(2) A].'®

Gratifyingly, the addition of the nucleophile LIN=C(‘Bu),
to (Ar*N),C in a THF mixture with heating at 65 °C for 1 day
smoothly generates the lithium guanidinate Li[***ketguan]
(Scheme 1). This reaction can be performed on a multigram
scale, producing material in up to 85% yield. Li[*"*ketguan] is
a white solid that is partially soluble in aliphatics and highly
soluble in aromatic and ethereal solvents. The 'H NMR
spectrum of Li[**ketguan] in C¢Dj exhibits two resonances at
1.34 and 1.09 ppm, corresponding to the tert-butyl protons of
the aniline and ketimine substituents, while the methine proton
of the diphenylmethyl groups appears at 6.12 ppm, overall
indicative of C,, geometry in solution. True to this, the phenyl
rings of the diphenylmethyl groups are observed to be
diastereotopic because the signals of their hydrogen atoms
appear in the "H NMR spectrum as two sets of resonances
consisting of one ill-resolved multiplet at 6.74 ppm and a set of
signals at 7.08, 7.20, and 7.35 ppm (identified as para, meta, and
ortho protons) in a total 20:4:8:8 ratio, respectively. Moreover,
the *C{'H} NMR spectrum of Li[**ketguan] displays 12 aryl
resonances, 8 from the diastereotopic phenyl rings of the
diphenylmethyls and 4 from the N-aryl carbon atoms. The
BC{'H} NMR spectrum shows a diagnostic downfield
resonance at 155.7 ppm for the central s}l)z-hybridized carbon
atom (C,,) of the guanidine framework,'> while the "Li{'H}
NMR spectrum displays a single resonance at —2.84 ppm. It
should be noted that while the synthesis of Li[**ketguan] is
conducted in the presence of THF, the NMR spectrum of the
isolated crystalline material is found to be absent of THF
solvent molecules.
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Scheme 1. Synthesis of “Super Bulky” Guanidinates M[**ketguan] (M = H, Li, K, Cs)
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Li[*“*ketguan] is cleanly protonated by treatment with
lutidinium chloride in THF to give ““*ketguanH in nearly
quantitative yield (Scheme 1), with the N—H proton of the
guanidine appearing as a singlet at 4.75 ppm in the '"H NMR
spectrum. Furthermore, the '"H NMR spectrum also displays
two signals, accounting for nine protons each, at 1.10 and 1.16
ppm, attributable to the tert-butyl protons of the Ar*—amine
and Ar*—imine functionalities of the guanidine, while the
protons of the tert-butyl groups of the ketimine backbone
appear as a sharp singlet at 0.74 ppm, integrating to an 18
proton ratio.

At room temperature, the 'H NMR spectra of varying
samples of ““*ketguanH are always observed to exhibit a
second set of minor broad peaks. Because guanidines are well-
known to undergo dynamic conformational and tautomeric
interconversion in solution,">'® we attribute these resonances
to the presence of a minor isomer. Consistent with this, heating
a solution of “"*ketguanH in C,Hg to S0 °C increases the
relative concentration of the minor isomer (Figure S15 in the
Supporting Information, SI), while cooling to —50 °C appears
to arrest fluxionality, resulting in its near disappearance (Figure
S16 in the SI).

Highly soluble in aliphatic solvents, crystals of ***ketguanH
can be grown from the storage of a concentrated hexane
solution kept at —27 °C for several days. The composition of
AriketguanH was unequivocally confirmed by X-ray crystallo-
graphic analysis (see Figure S20 in the SI for atom
connectivity), which shows it to adopt an Eg, conformation
in the solid state; however, weak diffraction data preclude a
meaningful discussion of its metrical parameters.

Ar#ketguanH undergoes facile deprotonation to cleanly give
the alkali salts M[**ketguan] (M = K, Cs) in 94% (K) and
51% (Cs)*° yield as colorless solids, respectively (Scheme 1).
Complexes M[**ketguan] (M = K, Cs) exhibit solubility
properties comparable to those of their lithium counterparts,
with the "H and C{'H} NMR spectra of all three alkali
complexes appearing qualitatively similar, each distinguished by
small, but significant, peak shifts.

Structural Comparison and Analyses. Molecular struc-
ture analyses were performed on M[Ar*ketguan] M = Li, K,
Cs), representative of the alkali metal series, to understand the
steric profile and coordination properties of the encumbering
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ligand scaffold, especially its ability to accommodate ions with
covzallent radii as small as Li* (1.28 A) and as large as Cs* (2.44
A).

Various solvent combinations, stored at —25 °C, were used
to grow crystals of M[**ketguan] (M = Li, K, Cs) suitable for
X-ray diffraction analyses. Specifically, single crystals of
K[*"*ketguan] were harvested from a concentrated hexane
solution, while the lithium and cesium analogues were
crystallized from hexane/THF and Et,O/toluene mixtures,
respectively. M[*"*ketguan] (M = Li, K) crystallize as the
hexane solvates M[*“*ketguan]-2C¢H,, [Figure 3, top (Li);
Figure $29 in the SI (K)] in the monoclinic space group P2,
whereas Cs[A *ketguan] (Figure 3, bottom) crystallizes as an
Et,O solvate in the monoclinic space group C2/c, all possessing
one full molecule in the crystallographic asymmetric unit.

The [**ketguan] ligand ligates the alkali cations in a &*
fashion, with the metal centers “pinched” between the Ny«
nitrogen atoms. Compared to other mononuclear complexes,
the Li—N .+ distances in Li[*"*ketguan] [Lil—-N1 = 2.131(3)
A; Lil—-N2 = 2.189(3) A] are found to be slightly longer than
the those in [Li(THF),][(“*PArN),C(R)] [R = H; Li-N =
2.063(4) and 2.041(4) A]** or [Li(THF),][(*"?ArN),C(p-
tolyl)] [Li—N = 2.032(6) and 2.057(6) Al],>> while the
K[**ketguan] bond lengths [K1—-N1 = 2.594(3) A; K1-N2 =
2.896 A] exhibit a greater range than those found for [K(18-
crown-6)][hpp] [hpp = 1,3,4,6,7,8-hexahydro-2H-pyrimido-
[1,2-a]pyrimidine; K—N = 2.82(1) and 2.73(1) A].** A direct
comparison of the M—N,« bond lengths in M[**ketguan] (M
=K, Cs) to other related systems is difficult because, to the best
of our knowledge, no other structurally characterized
monomeric K or Cs* salts of the [(ArN),C(R)]™ (R = H,
CR;, NR,) type have been reported. The closest analogues for
which a comparison can be made are the K’-triazenides
M[N;Tph,] [M =K, Cs; Tph = 2-(2',4’,6'-triisopropylphenyl)-
biphenyl], which exhibit K—N,, distances [K—N = 2.709(1)
and 2.723(1) A] within the range found for K[**ketguan]
[K1-N1 = 2.594(3) A; KI-N2 = 2.896 A] and Cs—N,, bond
lengths [Cs—N = 3.065(5) and 3.071(4) A] comparable or
equivalent to those of Cs[*"*ketguan] [Cs1—N1 = 3.062(2) A;
Cs1-N2 = 2.939(2) A]»® Finally, it should be noted that the
closely related amidinate K[(ArN),C(‘Bu)] [Ar = 2,6-bis-
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Figure 3. ORTEP diagrams of Li[**ketguan] (top) and Cs-
[**ketguan]-Et,O (bottom) with 40% probability ellipsoids. Hydro-
gen atoms and the Et,O solvent molecule are omitted for clarity.
Selected bond lengths (A) and angles (deg) for Li[**ketguan]: Lil—
N1 = 2.131(3), Lil-N2 = 2.189(3), C1-N1 = 1.334(2), C1-N2 =
1.320(2), N1-C1-N2 = 115.9(2), C1-N1-C11 = 120.8(2), Cl1—
N2—C47 = 127.7(2). Selected bond lengths (A) and angles (deg) for
Cs[**ketguan]-Et,0: Cs1-N1 = 3.062(2), Cs1-N2 = 2.939(2),
C1-NI = 1.329(3), C1-N2 = 1.334(3), N1-C1-N2 = 117.5(2),
C1-N1-C37 = 124.9(2), C1-N2—C86 = 120.9(2).

(diphenylmethyl)-4-methylphenyl] is known, but its solid-state
structure has yet to be determined.*®

The two N«—Ce. distances in M[**ketguan] exist within
a narrow range from C1-N2 = 1.302(2) A in Li[**ketguan]
to CI-N2 = 1.334(3) A in Cs[**ketguan]. These N—C,
distances are typical lengths for guanidinates and indicate
charge delocalization across the diazaallyl unit.'>** Additionally,
the Nj+—Cn—Ny+ angles [e.g, Li: N1-C1-N2
115.9(2)°] are unremarkable, while the C,,—Ny+—C,,, angles
[eg, Li: C1-NI-C11 = 120.8(2)° and C1-N2-C47
127.7(2)°] are comparable to the corresponding angles in other
aryl guanidinates such as [Li(*?PArN),C(NCy,)], (Ceon—
Nigipp—Cipso = 119.3° and 125.8°).”

Notably, M[***ketguan] (M = Li, K, Cs) do not aggregate in
the solid state, as is common for alkali metals in guanidinates
and their related amidinate and formamidinate counter-
parts,lz’25 with each M[*“*ketguan] molecule existing as a
distinct mononuclear species. Moreover, despite their synthesis
in and recrystallization from ethereal solutions, namely THF,
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the metal centers are found to be free of coordinating solvents,
consistent with their NMR spectra (vide supra). Indeed, this is
clearly seen in Cs[**ketguan], which cocrystallizes with a
noncoordinating Et,O molecule, although it should be noted
that Cs[*“*ketguan] does engage in a close neighbor
interaction, via an intermolecular Cs—#'-C,,,. contact (Cs—
Cpara = 3.68 A), forming an infinite 1D extended structure in
the solid state (see Figure S32 in the SI). These observations, in
total, clearly indicate a sufficiently encumbering architecture for
[A*ketguan]”, the steric features of which successfully prevent
the formation of multinuclear clusters.

Specifically, the ligand [***ketguan]™ inhibits aggregation by
encapsulating the metal cations within a hydrophobic cavity, or
coordination pocket, defined by three encircling phenyl rings in
M[**ketguan] (M = Li, K) and four phenyl rings in
Cs[*"*ketguan], one ring contributed by each of the
diphenylmethyl substituents. While formally two-coordinate,
the alkali cations are seen to interact with the arenes that define
the coordination pocket, forming secondary cation—7 inter-
actions, as determined by examination of the M—C,.,.
distances.”® As may be anticipated, the number of metal—
arene contacts in M[**#ketguan] correlates with the ion size,
from n*n® for lithium to #%#,° for potassium to 1*:n*/n° for
cesium. Additionally, the potassium cation in K[*"*ketguan]
exhibits a weak, long-distance interaction with the third ring of
its coordination pocket (K—Ceuyoiga = 3-13 A). However, as
glimpsed from the solid-state structures of M[**ketguan],
ionic radii alone do not solely account for the varying range of
metal—arene contacts. Interestingly, the size and shape of the
coordination cavity is not uniform throughout the complexes
but varies per cation, thus also having an effect on the metal—
arene distances.

To better understand this structural phenomenon, a
thorough comparison of the M[**ketguan] (M = Li, K, Cs)
solid-state structures, summarized in Table 1, was performed to
assess the origin of the geometric differences between the metal
complexes. Inspection of the dihedral angle formed between
the aniline ring planes shows it to be very little changed
between the complexes, varying from 45.9° (K) to 48.4° (Cs),
indicating that twisting of the aniline rings, about the two
Ny+—Cipso axes, does not play a major role with respect to the
shape or size of the coordination pocket. In contrast, the aniline
groups do swivel out from the Nj«—Cp—Ny+ plane (as
measured by the angle between the N,«—C,,, bond and the
Npr+—Ceen—Nap+ plane), which directly effects the positioning
of the peripheral diphenylmethyl substituents and thus the size
of the ligand cavity. For M[**ketguan] (M = Li, K), the
pendant anilines are each seen to swivel slightly away from the
Na—Ceon—Na plane [Li: 15.2(1)°, 18.0(1)°; K: 10.9(3)°,
and 15.2(3)°], consequently constricting the cavity boundary to
a phenyl ring triad. In Cs[**ketguan], the N,«—C;,,, bonds
deviate only marginally from the Ny+—C..,(—Ny« plane [Cs:
1.6(2)° and 2.9(2)°], resulting in a quadrilaterally shaped
coordination pocket. Moreover, as seen from the **NC_ —
Cortho—Cunethine=Cipso torsion angles (Table 1), the diphenyl-
methyl groups can tilt inward toward a metal as with
M[**ketguan] (M = Li, K) [Li, 66.9° (avg); K, 68.0° (avg)]
or outward as with Cs[***ketguan] [Cs: 73.5° (avg)]. It must
also be noted that the phenyl rings of the cavity can individually
rotate. A structural overlay (Figure S25 in the SI) reveals
M[**ketguan] (M = Li, K) to be nearly superimposable with
one key difference; relative to K[*“*ketguan], one of the
encircling phenyl rings rotates toward the Li" cation in
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Li[*"*ketguan], likely to increase the metal—arene contact with

< the smaller ion. Last, the metals themselves are not locked into
§ the ligand coordination plane. As best exemplified in Cs-
pR [*“*ketguan], the Cs* cation is displaced 1.25 A from the
& guanidinate N +—C_.,;—Ny+ plane. In summary, the geometric
§ components of [A*ketguan]” provide several pivot points,
ol affording multiple degrees of freedom that yield an
2 encapsulating, but remarkably flexible, ligand scaffold.
° Steric Measures. Finally, to quantitatively assess the steric
i demand of the ligand (utilizing the solid-state conformations
3 fl)\ found for each of the metal complexes in M[**ketguan]),
R SambVeca calculation analyses were performed to determine the
é i percent buried volumes (%Vy,,).> Percent buried volumes are
2= most often applied to NHCs to describe their steric profile,
O with the bulkiest NHC to date being the bis[2,6-
T @ =~ N 3 (dinaphthylmethyl)phenyl]-functionalized IPr*®™NP) possessing
g \§ § = § s a 57.1% VBur.wb In Li[**ketguan], the Li* cation is almost
R ~ 5 2o entirely engulfed by the ligand with a 94.8% Vg, which is
PRI SR8 graphically represented by the space-filling models shown in
3 § § ; E % e % Tg ooy Figure 4. The K" cation in K[**ketguan] is only slightly more
NN -~ — o = o0

exposed at 92.1% Vy,,, while the Cs" cation is significantly more
accessible with a 81.7% Vy,,, (Figure 4). This accessibility to Cs*
likely permits the intermolecular Cs—C,,,,,. interaction, which is
observed to occur in Cs[***ketguan]-Et,O (vide supra).

As generally compared to other sterically hindering aryl
guanidinates, such as [(%PPArN),C(NMe,)]” for lithium

cent Tefers to the central sp>hybridized C of the guanidine N;C core. “Torsion angles involving phenyl rings within, or in proximity to, the metal’s primary and secondary coordination

o~
[N
N
@
o
|
-~
z 3 (51.7% Vy,.)*° or [(#PPArN),C(NPr,)]~ for calcium (51.9%
g Vpy) and strontium (52.8% Vy,,),>" their buried volumes are
v = Qﬁ significantly less encumbering relative to [Ar*ketguan]_.
3% Furthermore, the terphenyl-backbone-functionalized amidinate
—~ o~ — ¥ . _ . .. . .
D = 23 [dimb]~ [dimb = N,N’-diisopropyl(2,6-dimesityl)-
R § N benzamidinate] exhibits 49.4% Vg, on magnesium,'”* while
o - 2 8T the diadamantylaluminum amidinate [(NAd),C'Bu]~ possesses
B = @S 53.0% Vpy.>> The upper range for % Vy, of the bulky
§ % § g 2 f‘:," 2 o E \OO; :; § triazenides M[N;Tph,]| [M = Li (47.1% Vg,,), K (83.2% Vg,.),
Cs (76.0% Vg,)] is comparable to that observed for
~—~~
3 Cs[**ketguan] but exhibits greater % Vfp,, variability, leading
) @ to the formation of aggregatec%slithium sp;cies {Li[N;Tph,]},
= N at the lower end of the range.” Clearly, [**ketguan]~ stands
= h apart, especially from other hindered guanidinates or
é = § amidinates, and is best described as an exceedingly encumber-
E \5 § ing, or “super bulky”, ligand platform.
o -
IE O B SUMMARY
3 5o
8 —~— — e 3 We have presented the synthesis of the new “super bulky” and
2 o~ = ) g p yn P y
2 =T = = oag 3 encapsulating guanidinate [***ketguan]’, which can be readily
* 0 o ~ — ~ < i € . .. .
2 3@ a 3 Za 3 synthesized in four steps on multigram scales utilizing an easily
5 a2 E A~ - %3 g prepared 2,6-bis(diphenylmethyl)-4-tert-butylaniline precursor.
- % \g S/ \3'\; % g Y L \:/ g:/ ;?1 % s The [*“*ketguan]~ ligand is able to coordinate metal ions of
3 SdA42828%s 2 8% & E various sizes from Li* to Cs* in a typical guanidinate x* fashion,
g ?é giving formally two-coordinate metal centers while also
e , " reventing the formation of aggregated alkali metal clusters.
5 o 5 p g ggreg
& B z = ) e Inspection of the solid-state structures of M[*"*ketguan] (M =
3 \j/ z é El ES Li, K, Cs) shows that the alkali cations sit within a cavity
'% % L'j & = £ formed from the peripheral phenyl rings of the diphenylmethyl
= & £~ i, 5 substituents, which also provide additional support to the
> ~ ~°Z gPU g = . . . .
o ¥ ¥ £3 7,8 N cations via intramolecular metal—arene interactions. Moreover,
= 9 . . . . .
8 = S ¥ €& <g fg g% close examination of the ligand framework and its geometric
= R g . . . ) .
< v = rU 25 s Ll)E £ < 5 properties reveals a highly flexible ligand architecture that
@ T=< : Lzl ’.é g;g 'cézfé £82 Q¥ accommodates the disparately sized ions via an expandable
: g% ZI Ll)“ El Zl< zl %E LI‘)“ I L|)° ? é“s 9 g coordination pocket. SambVca calculations were used to
,.T.; Tg Z Ty Loz 392 o d gEn >j 3 E quantify the steric properties of [***ketguan]”, which show
= sFuvzZOUZzZZ Z UE R large % Vg, values [94.8% Vg, (Li), 92.1% Vg, (K), 81.8%
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Li
94.8% V,
ur

921% V,

Cs
81.7% V,
ur

Figure 4. Space-filling models and percent buried volumes for (% Vy,,) for M[**ketguan] (M = Li, K, Cs). Gray, red, purple, and green spheres

represent carbon, lithium, potassium, and cesium atoms, respectively.

Vi (Cs)] significantly greater than those of other sterically
hindering guanidinates and amidinates. Notably, while highly
encumbered, the % Vg, values indicate that the alkali metal
cations are not entirely buried and do remain exposed; thus, we
expect that the reactivity of these salts will not be completely
averted. As such, we are currently examining the chemistry of
the M[**ketguan] (M = Li, K, Cs) salts in metathetic
reactions with other metal halides.

B EXPERIMENTAL SECTION

General Considerations. All air- and moisture-sensitive oper-
ations were performed in an M. Braun drybox under an atmosphere of
purified nitrogen or using high-vacuum standard Schlenk techniques.
Diethyl ether, hexanes, pentanes, toluene, and THF were dried using a
Pure Process Technology Solvent Purification System and sub-
sequently stored under a dinitrogen atmosphere over activated 4 A
molecular sieves. Pyridine was distilled from calcium hydride. All
deuterated solvents were purchased from Cambridge Isotope
Laboratories Inc.,, degassed by three freeze—pump—thaw cycles, and
dried over activated 4 A molecular sieves for 24 h prior to use. Celite,
alumina, and 4 A molecular sieves were heated to 150 °C for at least
24 h and then cooled under vacuum. LiN=C'Bu®* and anhydrous
lutidinium chloride®* were prepared following literature procedures,
while all other reagents were purchased from commercial suppliers and
used as received. NMR spectra were recorded on a JEOL ECA 600
MHz or a Bruker AVANCE III 400 MHz spectrometer. '"H NMR and
BC NMR spectra are referenced to SiMe, using the residual 'H
solvent peaks as internal standards or the characteristic '*C resonances
of the solvent. "Li{'H} spectra were referenced to external LiCl in
D,0. Mass spectrometry (MS) analyses were conducted using a JEOL
AccuTOF JMS-T100LC or a Bruker MALDI-TOF Microflex mass
spectrometer. IR data were collected using the attenuated total
reflectance (ATR) method on a PerkinElmer Spectrum 100 Fourier
transform infrared (FTIR) spectrometer.

Synthesis of Ar*NH,. To a 500 mL round-bottomed flask
equipped with a large stir bar was added benzhydrol (61.75 g, 0.34
mol) and 4-tert-butylaniline (26.7 mL, 0.17 mol). The mixture was
vigorously stirred with heating to 125 °C for 1 h, resulting in the
formation of a homogeneous, light-pink melt. A solution of ZnBr,
(20.24 g, 0.09 mol) in HCI (14 mL, 0.18 mol, 12.1 M) was added
dropwise, which was observed to fill the headspace of the flask with
white fumes. The reaction mixture was stirred with heating for 0.5 h, at
which point the material solidified into a glassy solid, which was
subsequently heated without stirring for an additional 2.5 h at 125 °C.
Upon cooling to room temperature, the solid was dissolved in CHCl;
(300 mL) and washed with a saturated solution of NH,Cl followed by
two washings with brine. The resulting light-brown solution was dried
of excess water with anhydrous MgSO, and subsequently filtered
through a Biichner funnel to remove the solids. CHCl; was removed
under reduced pressure, giving an off-white solid. The product was
washed copiously with MeOH, producing pure material as a white
powder. Yield: 66.7 g, 80%. "H NMR (25 °C, 600 MHz, CDCly): §
0.98 (s, 9H, CCHj,), 3.28 (s, 2H, NH,), 5.47 (s, 2H, CHPh,), 6.58 (s,
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2H, m-CH N-aryl), 7.10 (d, 8H, Jyy = 7.34 Hz, 0-CH aryl), 7.22 (4,
4H, Jyy = 7.32 Hz, p-CH aryl), 7.29 (t, 8H, Jyy = 7.53 Hz, m-CH
aryl). BC{'H} NMR (25 °C, 100.58 MHz, CDCL): 6 31.4 (CCHj,),
34.0 (CCH,), 52.8 (CPh,), 125.6 (aryl), 126.6 (aryl), 128.5 (aryl),
128.6 (aryl), 129.6 (aryl), 139.6 (aryl), 140.1 (aryl), 143.0 (aryl). IR
(ATR, ZnSe crystal, cm™): 3421 (w, Vasym NH,), 3360 (w, Vgym NH,),
3087 (w), 3025 (w), 2962 (m), 2892 (m), 2858 (w), 1627 (m), 1601
(m), 1493 (m), 1473 (m), 1447 (m), 1427 (w), 1391 (m), 1361 (m),
1342 (w), 1304 (w), 1296 (m), 1273 (m), 1244 (m), 1186 (m), 1158
(w), 1141 (w), 1119 (w), 1077 (m), 1031 (m), 1005 (w), 970 (w),
946 (w), 924 (w), 912 (m), 892 (m), 865 (w), 835 (w), 760 (s), 736
(s), 697 (s) 661 (s). MALDI-TOE-MS (THA matrix): m/z 481.18
([M]*; caled m/z 481.28).

Synthesis of (Ar*NH),CO. To a 500 mL heavy-walled pressure
vessel equipped with a large stir bar was added Ar*NH, (33.08 g, 0.07
mol) and DMAP (8.47g, 0.07 mol) into CH,Cl, (250 mL). The
solution was cooled to —78 °C, and triphosgene (3.40 g, 0.01 mol)
was added as a solid with stirring. The pressure vessel was immediately
sealed, and the reaction mixture was allowed to warm to room
temperature, forming a white slurry. The slurry was subsequently
heated at 60 °C for 15 days, upon which time the solution turned clear
and colorless. Upon recooling to room temperature, the solution was
washed with water (200 mL X 2) and dried with MgSO,. The mixture
was filtered through a Biichner funnel and the CH,Cl, was removed
under reduced pressure to give a yellow oil. The oil was triturated with
hexanes (250 mL), causing precipitation of a white solid. The solid was
isolated on a Biichner funnel, giving the product as a pure white
powder. Yield: 29.3 g, 86%. "H NMR (25 °C, 600 MHz, C¢Dy): & 1.05
(s, 18H, CCH,;), 4.55 (s, 2H, NH), 6.31 (s, 4H, CHPh,), 6.99 (m, 8H,
Juu = 7.32 Hz, CH aryl), 7.07 (m, 16H, Jyyy; = 7.58 Hz, CH aryl), 7.21
(s, 4H, m-CH N-aryl), 7.38 (br s, 16H, CH aryl, fwhm = 100 Hz).
BC{'H} NMR (25 °C, 151 MHz, C(Dy): 6 312 (CCH,), 34.7
(CCH,), 52.7 (CPhy), 126.6 (aryl), 126.6 (aryl), 128.3 (aryl), 128.6
(aryl), 130.0 (aryl), 132.5 (aryl), 142.9 (aryl), 150.1 (aryl), 154.7 (C=
0). IR (ATR, ZnSe crystal, cm™): 3389 (w, v NH), 3086 (w), 3059
(w), 3027 (w), 2955 (m), 2921 (w), 2863 (w), 1691 (s, v CO), 1599
(m), 1580 (w), 1494 (s), 1446 (s), 1414 (m), 1395 (w), 1363 (m),
1293 (w), 1275 (w), 1258 (w), 1214 (s), 1190 (w), 1177 (w), 1078
(m), 1030 (m), 1002 (w), 948 (w), 920 (w), 896 (w), 766 (s), 734
(s), 699 (s). ESI-MS: m/z 989.53 ([M + H]*; caled m/z 989.54).

Synthesis of (Ar*N),C. To a 500 mL heavy-walled pressure vessel
equipped with a large stir bar was added (Ar*NH),CO (12.1 g, 12.2
mmol), P,O5 (17.3 g 122 mmol), ALO; (124 g 122 mmol), and
pyridine (150 mL). The vessel was tightly sealed under an atmosphere
of N,, and the reaction mixture was stirred at 115 °C, forming a thick
white slurry after 30 min. After 2 days, the mixture was filtered in air
through a 350 mL medium-porosity glass frit, and the solids were
thoroughly washed with toluene (100 mL). The filtrate was dried
under reduced pressure using a rotary evaporator, yielding a white
powder. Yield: 9.6 g, 81%. "H NMR (25 °C, 600 MHz, C¢D): & 1.09
(s, 18H, CCHjy), 6.06 (s, 4H, CHPh,), 7.00—7.03 (m, 8H, CH aryl),
7.07=7.11 (m, 32H, CH aryl), 7.20 (s, 4H, m-CH N-aryl). *C{'H}
NMR (25 °C, 151 MHz, C¢Dy): 6 31.2 (CCH,), 34.6 (CCHj), 53.0
(CPh,), 126.3 (aryl), 126.6 (aryl), 128.3 (aryl), 128.5 (aryl), 130.0
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(aryl), 132.9 (aryl), 139.1 (aryl), 143.9 (aryl), 146.8 (NCN). IR (ATR,
ZnSe crystal, cm™"): 3084 (w), 3064 (w), 3027 (w), 2969 (w), 2870
(w), 2236 (s), 1693 (w), 1598 (w), 1593 (w), 1565 (w), 1493 (m),
1487 (w), 1444 (m), 1414 (w), 1394 (w), 1364 (w), 1292 (w), 1254
(m), 1181 (m), 1156 (w), 1114 (w), 1075 (m), 1031 (m), 971 (w),
947 (w), 913 (w), 895 (w), 862 (w), 834 (w), 766 (m), 753 (m), 736
(m), 696 (s), 668 (m). MALDI-TOF-MS (THA matrix): m/z 970.59
([M]*; caled m/z 970.52), 971.59 ([M + H]*; caled m/z 971.53).
Synthesis of Li[*"*ketguan]. To a 100 mL Cajon flask, containing
a small stir bar, was added (Ar*N),C (8.7 g, 8.9 mmol), LINC(‘Bu),
(1.54 g, 10.5 mmol), and THF (80 mL). The reaction mixture was
stirred at 65 °C for 1 day, during which time the color of the solution
turned from light to deep yellow. After 1 day, the volatiles were
removed under reduced pressure to afford a light-yellow powder,
which was subsequently washed with cold hexane (20 mL, —25 °C) to
give pure product as an off-white powder. Yield: 8.5 g, 85%. 'H NMR
(25 °C, 400 MHz, C,Dy): 6 1.09 (s, 18H, CCH,), 1.34 (s, 18H,
CCH,), 6.12 (s, 4H, CHPh,), 6.74 (br m, 20H, CH aryl, fwhm = 12
Hz), 691 (s, 4H, m-CH N-aryl), 7.08 (t, 4H, Juy = 7.34 Hz, p-CH
aryl), 7.20 (t, 8H, Jyy = 7.68 Hz, m-CH aryl), 7.35 (d, 8H, Juy = 7.34
Hz, 0-CH aryl). BC{'H} NMR (25 °C, 101 MHz, C(Dy): § 30.7
(CCH,), 31.5 (CCH,), 344 (CCH,), 43.8 (CCH,), 53.5 (CPh,),
125.5 (aryl), 126.3(aryl), 126.3 (aryl), 128.5 (aryl), 128.8 (aryl), 130.6
(aryl), 139.0 (aryl), 1424 (aryl), 145.4 (aryl), 146.3 (aryl), 146.5
(aryl), 155.7 (NCN,), 172.6 (NC'Bu,), with one aryl carbon resonance
not observed. “Li{'H} NMR (25 °C, 155 MHz, C¢Dg): 6 —2.84. IR
(ATR, ZnSe crystal, cm™"): 3085 (w), 3061 (w), 3025 (w), 2957 (m),
2901 (w), 2864 (w), 1662 (m), 1600 (m), 1494 (m), 1474 (m), 1431
(s), 1384 (m), 1362 (m), 1286 (w), 1241 (m), 1184 (w), 1155 (w),
1076 (m), 1046 (w), 1032 (m), 967 (m), 911 (w), 891 (w), 867 (w),
766 (m), 736 (m), 700 (s), 678 (m). Anal. Caled CgHg,LiNy: C,
88.05; H, 7.57; N, 3.76. Found: C, 87.95; H, 7.67; N, 3.89.
Synthesis of A"*ketguanH. To a 100 mL round-bottomed flask
containing a small stir bar was added Li[*“*ketguan] (2.7 g 2.4
mmol), lutidinium chloride (0.38 g, 2.64 mmol), and THF (20 mL).
The colorless reaction mixture was stirred at room temperature under
an dinitrogen atmosphere for 1 day and was subsequently filtered
through Celite supported on a medium-porosity glass frit. The volatiles
of the filtrate were removed in vacuo to afford a colorless paste. To this
was added toluene (10 mL), and the solution was again filtered. The
solvent of the filtrate was removed under reduced pressure. The
material was subsequently dissolved in hexane (10 mL) and refiltered.
The hexane solvent was then removed in vacuo to cleanly give the
product as a white solid. Yield: 2.5 g, 97%. '"H NMR (25 °C, 400 MHzg,
C¢Dy): 6 0.74 (s, 18H, CCHj;), 1.04 (s, minor isomer), 1.10 (s, 9H,
CCH,;), 1.16 (s, 9H, CCHs), 4.75 (s, 1H, NH), 5.75 (br s, fwhm = 22
Hz, minor isomer), 5.99 (s, minor isomer), 6.31 (s, minor isomer),
6.32 (s, 2H, CHPh,), 6.69 (s, 1H, CHPh,), 6.70 (s, 1H, CHPh,),
6.76—7.57 (m, minor isomer), 6.93—7.19 (m, 34H, CH aryl), 7.25 (t,
4H, Juyy = 7.66 Hz, CH aryl), 7.28 (s, 2H, m-CH N-aryl), 7.56 (d, 4H,
Jum = 7.64 Hz, CH aryl). BC{*H} NMR (25 °C, 101 MHz, C,D¢): &
302 (CCH,), 314 (CCH,), 31.5 (CCH,), 344 (CCH,), 34.7
(CCH,), 434 (CCH,), 52.8 (CPh,), 53.1 (CPh,), 1253 (aryl),
125.8 (aryl), 126.2 (aryl), 126.3 (aryl), 126.6 (aryl), 127.0 (aryl), 128.1
(aryl), 127.9 (aryl), 1284 (aryl), 128.7 (aryl), 129.6 (aryl), 129.7
(aryl), 130.8 (aryl), 130.9 (aryl), 135.3 (aryl), 1362 (aryl), 141.7
(aryl), 143.3 (aryl), 143.8 (aryl), 145.0 (aryl), 145.5 (aryl), 146.2
(aryl), 146.3 (aryl), 149.0 (aryl), 150.1 (NCN,), 179.6 (NC'Bu,). 'H
NMR (=50 °C, 600 MHz, C,Dy): § 0.64 (br s, 18H, CCH;, fwhm =
40 Hz), 1.12 (s, 9H, CCH,), 1.19 (s, 9H, CCH,), 4.74 (s, 1H, NH),
6.31 (s, 2H, CHPh,), 6.74 (br s, 2H, CHPh,, fwhm = 70 Hz), 6.90—
7.14 (m, 34H, CH aryl), 7.26 (t, 4H, Juy = 7.52 Hz, CH aryl), 7.31 (s,
2H, m-CH N-aryl), 7.57 (d, 4H, Jyy = 7.58 Hz, CH aryl). *C{'H}
NMR (-50 °C, 151 MHz, C,Dy): § 30.3 (CCH;), 31.4 (CCH,), 31.5
(CCH,), 344 (CCH3;), 34.7 (CCHsy), 43.4 (CCH;,), 52.8 (CPhy), 53.1
(CPhy), 125.4 (aryl), 125.7 (aryl), 126.1 (aryl), 126.2 (aryl), 126.6
(aryl), 127.0 (aryl), 128.1 (aryl), 128.3 (aryl), 128.6 (aryl), 129.1
(aryl), 129.6 (aryl), 129.8 (aryl), 130.8 (aryl), 130.9 (aryl), 1354
(aryl), 136.2 (aryl), 141.8 (aryl), 1432 (aryl), 143.9 (aryl), 145.0
(aryl), 145.6 (aryl), 1459 (aryl), 146.4 (aryl), 148.9 (aryl), 150.0
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(NCN), 179.7 (NCBu,). IR (ATR, ZnSe crystal, cm™): 3403 (w, v
NH), 3081 (w), 3063 (w), 3027 (w), 2956 (m), 2922 (m), 2867 (m),
2236 (w), 1647 (m), 1617 (m), 1597 (m), 1494 (m), 1471 (m), 1446
(m), 1414 (w), 1394 (w), 1362 (w), 1300 (w), 1236 (m), 1205 (m),
1181 (m), 1116 (w), 1077 (m), 1047 (w), 1032 (m), 1024 (w), 971
(m), 948 (w), 918 (w), 895 (w), 865 (w), 840 (w), 763 (m), 741 (m),
713 (m), 697 (s). MALDI-TOF-MS (DCTB matrix): m/z 1112.71
([M + H]*; caled m/z 1112.68).

Synthesis of K[*"*ketguan]. To a 100 mL round-bottomed flask
containing a small stir bar fitted with a glass stopper was added
ArtketguanH (1.8 g, 1.6 mmol), potassium hydride (0.70 g, 1.75
mmol), and THF (20 mL). The glass stopper of the flask was
occasionally removed to release the evolved hydrogen gas. After 1 day,
the solution was filtered to remove excess potassium hydride through
Celite supported on a medium-porosity glass frit. All volatiles were
removed under reduced pressure to afford a colorless paste. To this
was added hexane (10 mL), and the colorless solution was again
filtered. The solvent of the filtrate was removed in vacuo to give a
white solid. Yield: 1.7 g, 94%. "H NMR (25 °C, 400 MHz, C,Dy): &
1.10 (s, 18H, CCHj), 1.34 (s, 18H, CCHs), 6.27 (s, 4H, CHPh,), 6.67
(t, 4H, Juy = 7.24 Hz, p-CH aryl), 6.75 (t, 8H, Juy = 7.45 Hz, m-CH
aryl), 6.92 (s, 4H, m-CH N-aryl, overlapping with CH aryl), 6.93 (d,
8H, 0-CH aryl, overlapping with CH N-aryl), 7.11 (t, 4H, Jyy = 7.35
Hz, p-CH aryl), 7.23 (t, 8H, Juy = 7.66 Hz, m-CH aryl), 7.41 (d, 8H,
Jun = 742 Hz, 0-CH aryl). BC{'H} NMR (25 °C, 101 MHz, C¢Dy): 6
31.0 (CCH,;), 31.6 (CCHS,), 34.4 (CCHS,), 34.4 (CCHs,), 43.9 (CPh,),
53.3 (CPh,), 124.7 (aryl), 125.6 (aryl), 1262 (aryl), 130.3 (aryl),
131.0 (aryl), 136.8 (aryl), 140.0 (aryl), 146.0 (aryl), 148.5 (aryl), 149.0
(aryl), 153.0 (NCN,), 169.6 (NCBu,), with two aryl carbon
resonances not observed. IR (ATR, ZnSe crystal, cm™): 3082 (w),
3060 (w), 3025 (w), 2956 (m), 2929 (w), 2867 (w), 1659 (w), 1636
(w), 1604 (w), 1596 (m), 1492 (m), 1470 (m), 1444 (s), 1429 (s),
1385 (m), 1361 (m), 1288 (w), 1236 (m), 1181 (m), 1122 (w), 1075
(m), 1049 (w), 1032 (m), 968 (w), 949 (w), 910 (w), 890 (w), 859
(w), 768 (m), 735 (s), 698 (s), 672 (m). Anal. Calcd Cg,Hg,KN;: C,
85.59; H, 7.36; N, 3.65. Found: C, 85.48; H, 7.36; N, 3.60.

Synthesis of Cs[*“*ketguan]. To a 20 mL scintillation vial
containing a small stir bar was added cesium metal (0.028 g, 0.21
mmol), A*ketguanH (0.202 g, 0.18 mmol), and THF (10 mL). The
color of the solution instantly turned red-orange with stirring. After 2
h, the solvent was removed in vacuo to afford an orange solid, which
was dissolved in a 10:1 toluene/diethyl ether solution (S mL). Storage
of the solution at —25 °C for 1 week produced light-orange crystals,
which upon washing with cold (—25 °C) pentane (0.25 mL X 2) gave
0.1 g of Cs[*"*ketguan]-Et,O as a colorless solid. Slow evaporation of
the supernatant over several weeks provided an additional 20 mg of
product. Yield: 0.120 g 51%. '"H NMR (25 °C, 400 MHz, C¢Dy): &
1.12 (t, 6H, p-Et,0 protons), 1.15 (s, 18H, CCH;), 1.25 (s, 18H,
CCH,;), 3.27 (q, 4H, a-Et,0 protons), 6.51 (s, 4H, CHPh,), 6.69 (t,
4H, Juy = 7.31 Hz, p-CH aryl), 6.82 (t, 8H, Jyy = 7.59 Hz, m-CH
aryl), 7.09 (d, 4H, Juy = 7.20 Hz, 0-CH N-aryl), 7.12 (s, 4H, m-CH N-
aryl, overlapping with p-CH aryl), 7.12 (t, 4H, p-CH aryl, overlapping
with CH N-aryl), 7.25 (t, 8H, Juy = 7.68 Hz, m-CH aryl), 7.51 (d, 8H,
Jun = 742 Hz, 0-CH aryl). BC{'H} NMR (25 °C, 101 MHz, C¢Dy): 6
15.6 (Et,0), 31.1 (CCH;), 31.7 (CCH3), 34.4 (CCHj;), 43.7 (CCHy),
53.5 (CPh,), 124.9 (aryl), 1252 (aryl), 1262 (aryl), 127.9 (aryl),
128.2 (aryl), 130.7 (aryl), 131.3 (aryl), 136.5 (aryl), 140.2 (aryl), 145.7
(aryl), 149.8 (aryl), 149.9 (aryl), 170.1 (NCBu,), with the NCN,
guanidine carbon resonance not observed. Anal. Calcd Cg,Hg,CsNjy-
C,H,,0: C, 78.34; H, 7.19; N, 3.19. Found: C, 78.34; H, 7.24; N, 3.14.

X-ray Crystallography. Data for (Ar*NH),CO, (Ar*N),C,
Li[*"*ketguan], K[*“*ketguan]-2C4H,,, and Cs[**ketguan]-Et,0
were collected on a Bruker 3-axis platform diffractometer equipped
with a APEX I CCD detector using a graphite monochromator with a
Mo Ka X-ray source (a = 0.71073 A). The crystals were mounted on a
glass fiber or on a Mitigen Kapton loop, coated in NVH oil, and
maintained at 100(2) K under a flow of nitrogen gas during data
collection. A hemisphere of data was collected using @ and ¢ scans
with 0.3° frame widths. Data collection and cell parameter
determination were conducted using the SMART program.*
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Table 2. X-ray Crystallographic Data for Complexes (Ar*NH),CO, (Ar*N),C, Li[**ketguan], K[*"*ketguan]-2C¢H,,, and

Cs[**ketguan]-Et,O

(Ar*NH),CO
C,3HgNO
needle, colorless
0.19 X 0.10 X 0.04

(Ar*N),C
CriHeN,
plate, colorless
0.28 X 0.23 X 0.09

empirical formula
cryst habit, color

cryst size (mm)

cryst syst orthorhombic triclinic
space group Fdd2 P1
volume (A%) 11244(2) 2739.5(4)
a (A) 28.013(2) 11.516(1)
b (A) 36.621(3) 13.946(1)
¢ (A) 10.3927(8) 18.861(2)
a (deg) 90 69.174(2)
B (deg) 90 80.489(2)
7 (deg) 90 76.285(2)
V4 8 2

fw (g/mol) 989.29 971.41
density (caled) (Mg/m®) 1.169 1.195

abs coeff (mm™") 0.068 0.068
Fono 42240 1064.0
total no. of reflns 22524 27105
unique reflns 5751 10489

final R indices [I > 26(I)] R1 = 0.0394, wR2 =

0.0822
Iaiféest diff peak and hole (e/ 0.262 and —0.264
)

RI = 0.0564, wR2 =
0.1467

0.240 and —0.240

GOF 1.052 0.999

Li[*“*ketguan]
CyHgyLiNy
plate, colorless
0.24 X 0.22 X 0.0

K[**ketguan]-2C,H,
Cg,HgyKN3-2CH,
plate, colorless

0.08 X 0.0 X 0.02

Cs[*“*ketguan]-Et,0
CgyHy CsN,E6,O
block, pale yellow
0.20 X 0.17 X 0.17

monoclinic monoclinic monoclinic

P2, P2, C2/c

3876.6(7) 3939.3(1) 14380(2)

12.979(1) 13.3345(3) 47.125(3)

18.904(2) 19.1840(4) 13.7727(9)

16.000(2) 15.6017(3) 22.174(1)

90 90 90

99.066(2) 100.092(1) 92.324(1)

90 920 90

2 2 8

1118.46 1322.97 1318.55

0.958 1.118 1.218

0.055 0.115 0.563

1200.0 1432.0 5552.0

42096 47462 78298

17151 13389 16603

R1 = 0.0536, wR2 = R1 = 0.0680, wR2 = RI = 0.0376, wR2 =
0.1201 0.1570 0.1031

0.44 and —0.18 0.62 and —0.35 0.50 and —0.57

0.974 1.043 0.826

Integration of the data and final cell parameter refinements were
performed using SAINT software,*® with data absorption correction
implemented through SADABS.>” Structures were solved using direct,
charge-flipping, or structure expansion methods and difference Fourier
techniques. All hydrogen atom positions were idealized and rode on
the atom of attachment, with exceptions noted in the subsequent
paragraph. Structure solution, refinement, graphics, and creation of
publication materials were performed using SHELXTL®® or the Olex2
crystallographic package.®

Complex Li[***ketguan] cocrystallizes with two hexane molecules
that exhibit severe crystallographic disorder. Attempts to model the
solvent disorder were unsuccessful, resulting in a high wR2 refinement
value. The Olex2 solvent masking procedure® gave significant
improvement in the data statistics. Addtionally, Li[*"*ketguan] and
K[*"*ketguan]-2C4H,, each possess a disordered tert-butyl group. The
disordered atoms of the ligands were addressed by assigning the
groups in two positions. A summary of relevant crystallographic data
for (Ar*NH),CO, (Ar*N),C, Li[*"*ketguan], K[**ketguan]-
2C¢H,,, and Cs[*“*ketguan]-Et,O is presented in Table 2.
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