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ABSTRACT: [(acridine)BCL,][AICl,] was synthesized by
halide abstraction from (acridine)BCl; with AICL;. The hydride
ion affinity of the C9 position in [(acridine)BCL,]" was
calculated to be 14 kcal mol™" greater than that at boron.
[ (acridine)BCL,][AICL,] reacts with 1 equiv of acridine to form
the strained boronium cation [(acridine),BCL][AICl,] and
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with P(mesityl); by photoinduced one-electron transfer to form the 9,9'-biacridane moiety by radical coupling. A stable
frustrated Lewis pair (FLP) was formed on combining [(acridine)BCL,][AICL,] and 2,4,6-tri-tert-butylpyridine (TBP), which
heterolytically activated H, at 100 °C. The ultimate location of the hydride from H, activation was the C9 position of acridine
and not boron. Carbon Lewis acid based reactivity also occurred when thieno[3,2-b]thiophene was added to the
[ (acridine)BCL,][AICL,]/TBP FLP or to [(acridine),BCl,][AICL,], with arylation of acridine at C9 observed for both.

B orenium cations, three-coordinate borocations,"” are of
significant topical interest due to thelr utility in an
increasing number of synthetic applications.”* Recent notable
developments use borenium cations as Lewis acid catalysts* for
hydrogenation, hydrosilation, and hydroboration®™® and as
stoichiometric reagents for effectmg intermolecular arene
borylation®*~"* and haloboration.”®> For successful H, and
certain arene C—H bond activation reactions it was essential to
combine a borenium cation with 1 equivalent of a Lewis base
that had sufficient steric bulk to ensure “frustration” of Lewis
adduct formation.”'* Lewis pair frustration enables the
synergic, or sequential, reactivity of the Lewis acid and base
necessary for heterolytic ¢ bond cleavage.">™"” In addition to
preventing strong dative bond formation, frustrated Lewis pair
(FLP) combinations have to be resistant to other deactivation
pathways; for example, hydride abstraction from Et;N and
related aliphatic amines by the neutral borane B(CF;); can
complicate or even preclude FLP reactivity.'® The use of
cationic main group Lewis acids in FLPs presents additional
challenges to FLPs containing neutral borane Lewis acids
including; anion decomposition (eq 1), a greater susceptibility
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of the cation to undergo deprotonation (eq 2),'>'?7*!

dealkylation,”>** and even C—H insertion reactions.”**> With
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judicious design silicon*® and boron” cationic Lewis acids have
been incorporated into FLPs and subsequently used to activate
H,.

We are interested in generating FLPs that contain highly
Lewis acidic borenium cations, especially examples compatible
with simple weakly coordinating anions, e.g, [AICL]™, and
derived from inexpensive Lewis bases. [(2,6-disubstituted
pyridyl)BCl,]* cations are an attractive motif for constructing
FLPs, as steric bulk at the 2,6-positions induces a perpendicular
arrangement of the pyridyl and {BCL}* moieties."”*” This
orthogonality maximizes steric shielding of the boron center,
particularly the formally empty p, orbital, essential for FLP
formation. The ortho substituents on 2,6-disubstituted pyridyls
are also important to facilitate halide abstraction from (2,6-R,-
pyrldyl)BCl3 due to steric effects lowering the chloride ion
affinity."” Replacing 2,6-lutidine with 2,6-dichloropyridine or
acridine will prevent the deprotonation observed in FLPs
containing [(2,6-lutidine)BCl,][AICL,], 1[AICL,] (eq 2), there-
by facilitating the formation of stable borenium cation
containing FLPs. Herein we report on the Lewis acidity and
synthetic accessibility of [(2,6-Cl,-pyridine)BCL,][AICL,] and
[acridineBCL,][AICL,] and, in the latter case, its subsequent
reactivity toward H, and an arene nucleophile.

B RESULTS AND DISCUSSION

Initially the Lewis acidity of the target cations, [(2,6-Cl,-
pyridine)BCL]* and [(acridine)BCl,]* ([2]* and [3],
respectively), was assessed by calculations at the M06-2X/6-
311G(d,p) level with a solvation model (PCM, CH,Cl,). The
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relative (to BEt;) hydride ion affinity (HIA) was calculated
using a previously reported protocollg’28 and confirmed that
[2]" would be a strong Lewis acid (HIA = —64.6 kcal mol™")
comparable to [1]* (HIA = —61.7 kcal mol™"). The situation
for [3]* is more complex, as addition of a hydride to the C9
position of acridinium salts is well documented;** 3! thus, the
hydride ion affinity of boron and C9 were both calculated for
[3]*. While the HIA of the Lewis acidic boron center in [3]*
was comparable to that calculated for [1]* and [2]*, the HIA of
the C9 position was surprisingly found to be considerably
greater (Figure 1). The addition of hydride to C9 forms an
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Figure 1. Relative (to BEt;) HIA of the boron and C9 positions of
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acridane with a boat conformation for the central six-membered
ring and significant multiple-bond character between the amido
N and boron (N-B = 1.40 A)>* The development of
considerable B=N character presumably contributes to the
large HIA calculated for the C9 position. For comparison the
HIA of the C9 position in protonated acridine was —51.8 kcal
mol~’, considerably lower than that for [3]*. The HIA values of
the C9 position in [3]* and, to a lesser extent, [H-
(acridinium)]* are both greater than that of B(CgFs)s,"
suggesting that these cations may react as carbon-based Lewis
acids in FLP chemistry.**>~>°

The calculated relative (to AICl;) chloride ion affinities
(CIA) of the boron centers of [2]* and [3]" were also
determined and both found to be within 1 kcal mol™" of that for
[1]* (CIA values (kcal mol™): [1]*, +20.7; [2]*, +20.0; [3]%,
+20.2)." For comparison purposes the relative CIA values of
the C9 position of [3]* were calculated to be +27.9 and +31.4
kcal mol™ (for chloride in cis and trans positions of the boat
isomer, respectively), indicating that the C9 position is less
Lewis acidic than the boron center toward harder bases such as
chloride. The disparity between the relative HIA and CIA of B
and C9 in [3]" is attributed in part to the different electrostatic
contributions to bonding; this will be larger in the B—CI bond
than in the C—Cl bond on the basis of relative electro-
negativities. The CIA values for both [2]* and [3]" indicated
that halide abstraction using AICl; is feasible, provided that
(pyridyl)BCl; adducts are accessible. However, all attempts to
form [2][AICl,] by combining BCl,, 2,6-dichloropyridine, and
AICI; were unsuccessful. The absence of dative bond formation

between BCl; and poorly nucleophilic 2,6-dichloropyridine
presumably precludes halide abstraction, a rationale supported
by the ''B NMR spectra showing no change on addition of
equimolar 2,6-dichloropyridine to BCl,.

In contrast, the acridine analogue (acridine)BCl;, termed 3-
Cl, is readily accessible as an extremely poorly soluble but
analytically pure material. A single-crystal X-ray diffraction
study confirmed Lewis adduct formation. There is significant
structural distortion in 3-Cl due to steric effects (Figure 2, left)
which are best exemplified by (i) boron projecting out of the
plane of the central pyridyl moiety (C9—N—B = 161.45°) and
(i) acridine deviating away from planarity (the angle between
the planes of the two outer six-membered rings of acridine is
16.6°). As predicted by the calculated CIA, halide abstraction
by AICl; cleanly converts 3-Cl to 3[AICl,]. There is no
evidence for the competing formation of acridine(AICl;), which
is observed when AICl; is added to 9-chloro-9-borafluorene/
acridine mixtures.*® The NMR chemical shifts of 3[AICl,] are
fully consistent with an ionic borenium formulation (including
Sy 49.3 ppm and a sharp *’Al resonance at 5, 103.8 ppm
consistent with [AICl,]7). An alternative resonance form for
[3]" containing an amido group, B=N character, and a
carbocationic center at C9 is disfavored, as the chemical shift
for the C9 carbon nucleus for 3[AICI,] was observed at 154.6
ppm. This shift is considerably upfield from that reported for
the 9-(B(Mes),)-N-Me-acridinium cation (5o, 175 ppm),
which does possess significant carbocation character at
C9.7%% A borenium cation formulation for 3[AICI,] was
corroborated by X-ray diffraction studies. The solid-state
structure has angles at boron summing to 360° and CLAICI---B
contacts >4 A, while the planes defined by {BCL}" and the
central ring of acridine are approaching orthogonality (77.3°),
as expected, precluding any significant N—B 7 donation
(Figure 2, right). Structural distortions arising from sterics in
[3][AICL,] are now minimal, with acridine effectively planar
and a C9—N-B angle of 174.5°.

While small nitrogen Lewis bases (e.g., pyridine) coordinate
to boron in [3][AICL,], it was envisaged that [3][AICl,] would
form FLPs with bulkier bases, including acridine. Surprisingly,
addition of 1 equivalent of acridine to 3[AICl,] resulted in an
upfield shift of the ''B resonance (to &z +7.8 ppm). The
presence of only one set of acridine proton resonances and a
YAl NMR spectrum confirming the persistence of [AICL,]~
indicated the formation of the boronium salt [(acridine),BCl, ]-
[AlCL] (4[AICL,]). On standing in CH,Cl,, 4[AICl,]
spontaneously precipitated as a crystalline solid suitable for
X-ray diffraction. The asymmetric unit of 4[AICl,] contained
two metrically similar equivalents; thus, only one is discussed
herein. The structure of 4[AICl,] exhibits considerable
distortion (Figure 3), exemplified by the C9—N—B angles

Figure 2. ORTEP representations of 3-Cl (left) and the cationic portion of 3[AICl,] (right), with thermal ellipsoids at the 50% probability level.
Selected bond distances (A) and angles (deg): for 3-Cl, B-N = 1.603(2), B—CI2 = 1.859(2), N—C = 1.380(1) and 1.380(2), N—B—CI2 =
110.57(11); for [3]*, B—CIS = 1.717(3), B—Cl6 = 1.721(3), B-N = 1.503(3), N—C = 1.372(4) and 1.382(4), N—B1—ClI5 = 120.1(2), N-B1—Cl6

= 118.5(2), CIS—B—Cl6 = 121.3(2).
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Figure 3. ORTEP representation of 4[AICL,], with thermal ellipsoids
at the 50% probability level and hydrogens and [AICI,]™ omitted for
clarity. Selected bond distances (A) and angles (deg): Cl1—B1
1.826(6), Cl2—B1 1.863(6), N1-B1 1.598(7), N2—B1
1.608(7), N2—B1—NI1 = 108.4(4).

(161.2 and 162.4°) and a hinging of each acridine along the N—
C9 axis to minimize steric repulsion between the two acridines
(the average angle between the planes of the outer six-
membered rings of acridine is 16.4°). The two significantly
distorted acridines in 4[AICl,] clearly indicate some degree of
sterically derived destabilization, suggesting that B—N dissoci-
ation may be thermally accessible. However, attempts to use
4[AICl,] as a thermally induced FLP* to activate H, resulted
in no observable reaction (at 100 °C). In contrast to the case
for 4[AICl,], equimolar B(C4Fs),/acridine is sterically
prevented from B—N dative bond formation and this FLP
rapidly activates H, at 20 °C. The calculated HIA of 3[AIC,]
as a boron-based Lewis acid is 19 kcal mol™ greater than that
of B(C¢Fs);; thus, the failure of 4[AICl,] to activate H, is
consistent with considerable FLP “preparation energy” being
required to cleave a strong dative bond in 4[AICI,].*

Borocation-containing FLPs are accessible with 3[AICL,] by
using the bulky phosphine P(mesityl); (PMes,), but this FLP
undergoes undesired reactivity initiated by photoinduced one-
electron transfer from the phosphine to [3]*. At 20 °C the 'H
NMR spectrum showed rapid consumption of 3[AICl,] and
PMes; and formation of [Mes;PH]* and multiple acridine
resonances, with BCl; observed as the major soluble boron-
containing product by "B NMR spectroscopy. A yellow
crystalline solid precipitated during the course of the reaction,
enabling identification by X-ray diffraction as a dicationic bis-
borenium salt, S[AICL,], (Figure 4, left). S[AICL,], is derived
from a photoinduced radical dimerization through the C9
position of acridine (Figure 4, right); a related photoinduced
dimerization of [ N-methylacridinium]* in the presence of PPh,
as the one-electron donor has been reported.*' Post-
dimerization ligand scrambling with 3[AICI,] will produce
BCly and S[AIClL,], a less Lewis acidic borenium cation
stabilized by an amido z donor (B—N,,q4, distances are
consistent with multiple-bond character). Support for this
proposed mechanism is provided by the observation of a radical
attributable to Mes;P** in the X-band EPR spectrum during the
course of the reaction.’> Furthermore, a comparable ligand
scrambling proceeded on combination of 1[AICl,] and
Pr,NBCl, to form BCl; and [(Pr,N)B(CI)(2,6-lutidine)]-
[AICL,]. The instability of the 3[AICL]/PMes; FLP neces-
sitated the generation of a FLP between 3[AICl,] and a
nonoxidizable Lewis base.

2,4,6-Tri-tert-butylpyridine (TBP) is sufficiently bulky and
resistant to oxidation and thus forms a stable FLP with
3[AICl,]. This FLP did not activate H, at 20 °C, but after it
was heated at 100 °C for 16 h in 1,2-C¢H,Cl,, the resultant 'H
NMR spectrum (at 20 °C) showed that 50% of TBP was
transformed to [HTBP]* and concomitantly a new resonance
appeared consistent with a substituted acridane.*” Repeating
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O + 3[AICI,] O

[AICI)
\?:CI CI\IIB’CI
CLUD) e 00
= - [PMes,]*+ ”
+ 3[AICI] [AICI) . H
3
1. MeszP, DCM
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over 48 hours
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+ BCl, + [HPMes;][AICl,]
+ unidentified products

Figure 4. (left) ORTEP representation of the dicationic portion of 5[AICL,],, with thermal ellipsoids at the 50% probability level and hydrogens
omitted for clarity. Selected bond distances (A) and angles (deg): Cl1-B1 = 1.757(5), Cl2—B2 = 1.780(6), N1-B1 = 1.522(6), N2—B1 = 1.391(6),
N3-B2 = 1.524(6), N4—B2 = 1.370(7). N2—B1-N1 = 122.3(4), N4—B2—N3 = 123.7(4). (right) Postulated mechanism for the formation of

s[AICL,],.
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the reaction under D, resulted in deuterium incorporation at
both of these positions, confirming dihydrogen activation by
3[AICI,]/TBP. The "B NMR spectrum after complete
consumption of 3[AICl,] consisted of a broad resonance
centered at 32 ppm and the resonance of BCl;, consistent with
ligand scrambling. The *’Al NMR spectrum confirmed no
anion decomposition, while the aromatic region was complex in
the 'H NMR spectrum, suggesting >1 acridine environment.
We assign the broad &ty resonance at 32 ppm to [(acridine)-
B(Cl)(acridane)]* (eq 3), consistent with [5]** and literature

cl ¢l CI\ cl Cl acridine
+1eq.TBP, ! N
AN H, 100°C, N +0.5 31
05 — 05 (3)
Z -0.5BC!
0-CgH4Cly - 3
[3]+ H H HH
+0.5 [HTBP]*

values.*”*® The observed 1:1 ratio of [HTBP]* and TBP is also
fully consistent with rapid ligand scrambling, as the formed
amido stabilized borenium cation (right, eq 3) will be
insufficiently Lewis acidic to activate H, in an FLP with TBP.

The formation of an acridane confirms that the ultimate
location for the hydride derived from heterolytic cleavage of H,
with 3[AICL,]/TBP is not boron but instead is the C9 position.
This is consistent with the relative HIA values of C9 and boron
in [3]* (—73.8 and —59.9 kcal mol ™/, respectively) and suggests
that the C9 position of [3]* may be acting as the Lewis acid in
an FLP for H, activation. Unambiguous H, activation by
carbon Lewis acids is rare, with a notable exception being
Bertrand’s electrophilic carbenes, where the empty p orbital is
functioning as a carbon Lewis acid;** trityl cations, fullerenes,
and an amidine dication may also be acting as carbon Lewis
acids to cleave H,.*™* While carbon Lewis acids have been
used in bimolecular FLPs, to date their reactivity has been
limited, e.g, to heterolytic activation of S—S, with no H,
activation observed.>>*®* However, we cannot definitely
assign the initial position of hydride addition to [3]* to C9,
as heating BHCl, (acridine) even to only 60 °C led to complete
consumption of BHCl,(acridine) within 1 h (by 'H NMR
spectroscopy) and the appearance of resonances consistent
with a substituted acridane. Therefore, an alternative scenario
of slow H, activation at 100 °C involving the boron center/
TBP followed by rapid hydride transfer from boron to C9
(intra- or intermolecular) is also feasible. In an attempt to

unambiguously observe H, cleavage with a carbon Lewis acid,
equimolar [H(acridine)][AICl,]/acridine was heated at 100 °C
under 4 atm of H, (or D,), but this led to no H, activation.
[H(acridine)]* has been demonstrated to be a strong Lewis
acid toward hydride,*® as demonstrated by the reduction of
acridine using H,/B(C4F;)3, which involves transfer of hydride
from [HB(CF;);]™ to the C9 of [H(acridine)]" to produce
acridane and B(CF();>° As the C9 position in protonated
acridine has a greater HIA than B(C4F;);, H, activation using
[H(acridine) ][ AICl,]/acridine is thermodynamically favored
overall, but its absence indicates a significant kinetic barrier, the
origin of which is currently unclear.

To probe the propensity of the C9 position in [3][AIC,] to
react as an electrophile, the electrophilic aromatic substitution
of thieno[3,2-b]thiophene was investigated with and without
the base TBP. Importantly, while protonated acridines are
sufficiently electrophilic at C9 to react with highly nucleophilic
arenes, such as indoles and anilines,*° there was no reaction
between [H(acridine)][AICl,] and the less nucleophilic arene
thieno[3,2-b]thiophene at 100 °C even in the presence of
additional acridine, thereby simplifying our subsequent studies.
In the absence of a base [3][AICl,] borylates thieno[3,2-
b]thiophene at 20 °C to give the a-borylated (thienyl)BCl, as
the major product (Figure S, top) after 2 h. However, when the
FLP 3[AICL]/TBP was used, borylated thieno[3,2-b]-
thiophene was only a minor product. The major product was
associated with a broad resonance at 32 ppm in the ''B NMR
spectrum, while the 'H NMR spectrum revealed formation of
[HTBP]*, substitution of the a position of thieno[3,2-
b]thiophene, and a resonance attributable to the C9 position
of an aryl-substituted acridane.”* These observations are
consistent with arylation of [3]* at C9 enabled by
deprotonation of the intermediate arenium cation by TBP
(Figure S, bottom). The absence of significant borylation when
using the FLP 3[AICI,]/TBP indicates that the kinetic position
for addition of a heteroarene to [3][AICl,] is at C9 but that
without a base this interaction is reversible (Figure S, left). In
contrast, attack of thieno[3,2-b]thiophene at boron in 3[AICL,]
is ultimately irreversible, as steric pressure at boron in the four-
coordinate intermediate leads to acridine dissociation and
subsequent deprotonation (Figure S, top): this was previously
found for heteroarene borylation with the related borenium salt
[1][AIC1,]."* The C9 functionalization of 3[AICl,] observed in
the presence of TBP also confirms that coordination of {BCl,}*
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Figure S. Schematic for the reaction of [3]* with thieno[3,2-b]thiophene with and without TBP.
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Figure 6. (left) Formation of [6]** from [4]*/thieno[3,2-b]thiophene. (right) ORTEP representation of the dicationic portion of 6[AICL,],, with
thermal ellipsoids at the 50% probability level and hydrogens omitted for clarity apart from those bound to nitrogen.

to acridine activates the C9 position of the heterocycle toward
nucleophilic attack to a greater extent than simply protonation
at nitrogen.

Further confirmation for the functionalization of the C9
position of acridine was forthcoming from heating equimolar
4[AICl,] and thieno[3,2-b]thiophene to 100 °C in 1,2-
C¢H,Cl,. This resulted in the formation of an acridane and
the growth of a resonance at 32 ppm in the ''B NMR spectrum.
Over 16 h a red crystalline solid precipitated in 46% vyield,
which was identified as the dication 6[AICL,], (Figure 6).
Identical reactivity was observed, including precipitation of
6[AICL,],, when the reaction was repeated in the dark,
precluding photoinduced radical pathways.’® While the
presence of other unidentified products in the reaction mixture
precludes a detailed mechanistic discussion, the isolation of
6[AICL,], confirms the ability of the C9 position to be
extremely electrophile when acridine is bound to a borocation
fragment.

B CONCLUSIONS

An acridine-stabilized borenium cation, [(acridine)BCl,]*, can
be incorporated as the Lewis acidic component of a frustrated
Lewis pair (FLP), provided the base is extremely bulky and
resistant to oxidation. Remarkably, [(acridine)BCl,]" exhibits
electrophilic reactivity at both boron and the C9 position of
acridine, with the presence of an added base allowing control of
the mode of reactivity. The C9 position in [(acridine)BCl,]*
has a hydride ion affinity (HIA) 14 kcal mol™ greater than that
at boron and 22 kcal mol™" greater than that for [H(acridine)]",
making it an extremely strong carbon Lewis acid. Carbon-based
Lewis acids are currently underutilized as components of
frustrated Lewis pairs for small-molecule activation and
catalysis. With the HIA of [H(acridine)]* being greater than
that of B(C4F;); (by calculations and experimental reactivity),
acridinium and related cations may be suitable as carbon Lewis
acids in FLP-based small-molecule activations.

B EXPERIMENTAL SECTION

General Considerations. All manipulations were performed using
standard Schlenk techniques or in an argon-filled MBraun glovebox
(O, levels below 0.5 ppm). Solvents used were purified by an
Innovative Technology PS-MD-S solvent purification system or
distilled from appropriate drying agents, degassed, and stored over
molecular sieves. Deuterated solvents were distilled from appropriate
drying agents and degassed. All materials were purchased from
commercial vendors and used as received. Elemental analysis of air-
sensitive compounds was performed by the London Metropolitan
University service.

Synthesis of 3-Cl. BCl; (1.0 M in DCM, 7.85 cm?, 7.85 mmol)
was added as a single portion to a suspension of acridine (1.4 g, 7.81
mmol) in DCM (5 cm?), generating a bright yellow solution and

6716

resulting in immediate formation of a bright yellow precipitate. The
reaction mixture was stirred overnight, giving a bright yellow
precipitate and a dark supernatant. The solid was isolated by filtration,
washed with DCM (3 cm®), and dried in vacuo to give the product
(1.96 g, 6.6 mmol, 85% yield). The resultant product, though too
insoluble in DCM or 1,2-C4H,Cl, to allow NMR characterization, was
found to be of good purity by elemental analysis. Anal. Calcd for
C;3;HoNBCl;: C, 52.68; H, 3.06; N, 4.73. Found: C, 52.69; H, 3.17; N,
4.68.

Synthesis of 3[AICI,]. 3-C1 (87 mg, 0.3 mmol) and AICl; (40 mg,
0.3 mmol) were combined as solids, DCM (3 cm?) was added, and the
mixture was stirred to generate an intense yellow solution. Crystals
were grown by slow diffusion of hexanes into the reaction mixture.
The supernatant was decanted, and the crystals were washed with
hexane (5 cm?) and then dried in vacuo to give 3[AICL,] (82 mg, 0.19
mmol, 63% yield). "H NMR (d,-DCM, room temperature): 5 10.08
(1H, 5); 8.73 (2H, d, J = 8.5 Hz); 8.53 (2H, ddd, ] = 8.6, 7.0, 1.6 Hz),
8.14 (2H, m). "B NMR (d,-DCM, room temperature): & 49.3 (bs).
BC NMR (d,-DCM, room temperature): 5 154.55 (s), 141.38 (s),
139.50 (ws), 13323 (s), 129.78 (s), 126.55 (ws), 118.67 (s). *’Al
NMR (d,-DCM, room temperature): 5 103.8 (s, AlCl,). Anal. Calcd
for C3HoAIBCN: C, 36.34; H, 2.11; N, 3.26. Found: C, 36.41; H,
2.12; N, 3.32.

Synthesis of 4[AICl,]. 3-Cl (58 mg, 0.2 mmol) and AICl; (28 mg,
0.2 mmol) were combined in a J. Young Schlenk and dissolved in
DCM (1 cm?), forming a yellow solution. Acridine (36 mg, 0.2 mmol)
was dissolved in DCM (1 cm®) and added in one portion to the
reaction mixture, resulting in a darkening toward amber. The mixture
was stirred and then allowed to stand for 1 week. The volume was then
reduced by 50% in vacuo and the reaction mixture allowed to stand for
1 week, during which time orange crystals of 4[AICl,] grew. The
mother liquor was removed, and the crystals were washed with hexane
(2 cm®) and dried in vacuo, giving 4[AICL,] (51 mg, 0.084 mmol, 42%
yield). Anal. Caled for C,H,;AIBCIN,: C, 51.28; H, 2.98; N, 4.60.
Found: C, 51.43; H, 2.89; N, 4.69.

Synthesis of 5[AICl,],. 3-Cl (145 mg, 0.5 mmol) and AICl, (67
mg, 0.5 mmol) were combined in a J. Young Schlenk and DCM (1.6
cm®) added, the whole mixture being stirred to produce an intense
yellow solution. To this solution was added trimesitylphosphine (390
mg, 1 mmol) in DCM (1.2 cm?®) in one portion, with immediate
formation of a black color. The mixture was sealed and allowed to
stand for 10 days, over which time the solution became less dark and
yellow crystals grew. The supernatant was decanted, and the crystals
were washed with DCM (1 cm®) and hexane (2 cm?®) then dried in
vacuo, giving S[AICL,], (64 mg, 0.056 mmol, 44% yield by 3-Cl). Anal.
Caled for Cg,HyALB,ClL (N, (solvent of crystallization lost on
drying): C, 54.45; H, 3.16; N, 4.88. Found: C, 54.61; H, 3.07; N, 4.96.

Reaction of 4[AICl,] + Thieno[3,2-b]thiophene. 3-Cl (60 mg,
0.2 mmol) and AICl; (27 mg, 0.2 mmol) were combined in a NMR
tube fitted with a J. Young tap and preloaded with a de-DMSO
capillary. 1,2-C¢H,CL, (1 cm®) was added and the tube inverted until
dissolution was complete, generating a yellow solution. Acridine (26
mg, 0.2 mmol) was added and the tube inverted to ensure mixing; the
tube was then heated briefly to 100 °C to ensure complete dissolution
and reaction, forming 4[AICl,]. The tube was cooled (yellow crystals
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of 4[AICl,] formed upon cooling) and thieno[3,2-b]thiophene (28
mg, 0.2 mmol) added. The tube was again inverted to ensure mixing
and dissolution and then heated at 100 °C for 16 h. Upon removal, the
reaction mixture was a blood red color and contained copious red
precipitate. The supernatant was removed, the solid was washed with
1,2-C4H,Cl, (1 cm®), and the residual solvent was removed in vacuo
to give 6[AICL], (38 mg, 0.046 mmol, 46% yield by 3-Cl) as a
microcrystalline red solid. Crystals suitable for single-crystal X-ray
diffraction were grown by repeating the reaction and slowly cooling
the NMR tube from 100 °C to room temperature over 2 h. 6[AIC,],
is essentially insoluble in chlorinated NMR solvents at room
temperature, with no dissolution in d,-DCM even upon addition of
excess Et;N to achieve deprotonation to facilitate solubility. Anal.
Caled for Cy,H,,ALCELNS,S,: C, 45.28; H, 2.45; N, 3.41. Found: C,
46.29; H, 2.53; N, 3.28.
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