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Facile syntheses of thiophene-substituted 1,4-diazabutadiene (a-diimine)
ligands and their conversion to phosphenium triiodide salts†
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Four novel N-aryl-2-thienyl substituted 1,4-diazabutadiene (a-diimine) ligands 5–8 have been prepared
by cyanide ion-catalyzed intermolecular coupling of the appropriate aromatic aldimines. A ligand
featuring a phenyl spacer moiety between a thiophene carbon atom and each imino nitrogen atom (12)
has been prepared by a similar synthetic route. Ligands 5–8 and 12 were characterized on the basis of
1H and 13C NMR, IR and MS-CI spectroscopy. Upon treatment with PI3 in CH2Cl2 solution, ligands
5–8 undergo redox reactions to furnish the triiodide salts of the corresponding phosphenium cations
13–16 which were characterized by 1H, 13C and 31P NMR, and MS-CI spectroscopy. The phosphenium
triiodide salt 15, and ligands 5–7 and 12 were also structurally authenticated.

Introduction

The 1,4-diaza-1,3-butadiene (a-diimine) ligand class is employed
widely in main-group, transition metal and lanthanide chemistry.1

One facet of interest in such ligands is their ability to undergo
redox chemistry. For example, in the context of lanthanide
chemistry, it has been found that the Eu oxidation state of
decamethyleuropocene diazabutadiene complexes can be either
+2 or +3 depending on the nature of the substituents on the
diazabutadiene ligand.2 A logical next step in terms of the further
development of this area of chemistry would be to incorporate
1,4-diazabutadiene complexes into oligomers and polymers with
a view to assessing their physical and photophysical properties.
Inspired by the work of Holliday et al.3 on the assembly of a pho-
toluminescent Eu-containing polymer by electropolymerization
of a 3,4-(ethylenedioxy)thiophene (EDOT)-substituted monomer,
we decided to synthesize analogous thiophene-substituted di-
azabutadiene monomers. Due to the moisture sensitivity of
thiophene-substituted primary amines it was necessary to attach
the thiophene moieties to the carbon atoms of the diazabutadiene
ligands.

To the best of our knowledge, the literature contains only
one reference to a compound of this type.4 In this case, the
yield was low (28%) and no characterization data were provided.
Moreover, attempts to repeat this synthesis were unsuccessful.
Clearly a more facile reaction pathway was needed. Very recent
research by Miller et al.5 has shown that phenyl analogues of this
molecule can be synthesized via symmetrical aldimine coupling.
This relatively unexplored methodology was employed for the
synthesis of ligands 5–8 and 12. As a second way of avoiding the use
of thiophene-substituted primary amines, we have also prepared
the first example of a diazabutadiene ligand that features phenyl
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spacers between the thiophene moieties and the diazabutadiene
nitrogen atoms (12).

The profound impact of N-heterocyclic carbenes (NHCs) on
catalysis,6 synthetic chemistry7 and materials science8 has stim-
ulated interest in a quest for analogous systems that feature an
element other than carbon. Since phosphenium ions (R2P+) are,
like carbenic carbon, six-electron species, interest has emerged
in so-called N-heterocyclic phosphenium ions (NHPs).9 Such
species might be expected to be strong p-acceptor ligands as
opposed to NHCs which function primarily as strong s-donors.
As pointed out by Miller et al., 4,5-diaryl-substituted heterocyclic
imidazolylidene carbenes and their precursor diazabutadienes are
relatively rare.5 The use of phosphenium cations as ligands for
transition-metal catalysts has inspired further exploration into
the synthesis of novel scaffolds capable of supporting potentially
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interesting phosphenium cations.10 In the present work we report
the first examples of thiophene-substituted NHPs.

Results and discussion

Preliminary attempts to prepare the desired ligands 5–8 focused
on the traditional synthetic approach to diazabutadienes, namely
the reaction of a diketone with a primary amine (Scheme 1).

Scheme 1 Attempted arylamine condensation reactions.

However, even under Dean–Stark conditions or in the presence
of an acid catalyst, it was only possible to isolate the ketoimines
rather than the desired a-diimines. Moreover, the ketoimine prod-
ucts were accompanied by several side-products that were difficult
to separate. In the present work, the desired diazabutadienes were
prepared by cyanide ion-catalyzed intermolecular coupling of the
appropriate aromatic aldimines 1–4. The synthetic approach is
outlined in Scheme 2.

Scheme 2 Synthesis of N-aryl-2-thienyl substituted 1,4-diazabutadiene
ligands.

The initial step in the process involves the formation of
2-thiophene-substituted aldimines 1–4 via a condensation reaction
of 2-thiophene carboxaldehyde with the appropriate arylamine.
The cyanide-catalyzed coupling of the aldimines to form the
corresponding diamines is best carried out in polar aprotic solvents
such as DMF or DMSO because of the ability of these solvents
to dissolve sodium cyanide. Moreover, the limited solubility of
the resulting diamine in these solvents presents an additional
driving force for the C–C coupling reaction. Although the diamine
products were not isolated, the yields of these products were
estimated to fall in the 50–60% range on the basis of NMR
assays of the reaction mixtures. The aldimine coupling reactions
result in little or no side-product formation; however, the yields
of the diamine products were not quantitative. Some conversion
of the diamines to the corresponding diazabutadienes took place
autogenously upon column chromatographic separation of the

product mixtures. However, in order to complete the oxidation
reactions it was necessary to bubble oxygen through the initially-
formed solutions of the products. This process can be monitored
conveniently by 1H NMR.

The cyanide coupling method is apparently only effective for the
syntheses of aryl-substituted diazabutadienes. Alkyl-substituted
aldimines have not been shown to react, possibly owing to their
failure to stabilize the carbanion intermediate as suggested in
previous work.11 The aryl substituents can range from electron
withdrawing to electron donating. However, in the present work,
it was found that the use of a para-nitro substituted ketimine
in the coupling reaction resulted in an inseparable mixture of
products. Another limitation is that aryl-substituted aldimines
with sterically demanding groups such as 2,6-diisopropylphenyl or
2,4,6-trimethylphenyl fail to undergo the coupling process. Steric
and electronic limitations clearly exist and further exploration into
this area is warranted.

As mentioned in the Introduction, a second way of avoiding
an unstable thiophene-substituted primary amine is to employ a
phenyl spacer between a carbon atom of the thiophene and the
imino nitrogen atom. The phenyl spacer also has the ability to
lower the oxidation potential of the thiophene proton at the
2-position, thus stabilizing the radical cation that is necessary to
initiate polymerization.12 The synthetic route to the targeted
a-diimine 12 comprises two steps and is outlined in Scheme 3.

Scheme 3 Synthesis of the “phenyl spacer” a-diimine ligand 12.

The first step in the procedure involves the reduction of
4-thienyl-nitrobenzene 9 to form the primary amine 4-thienylanil-
ine 10. The aldimine intermediate 11 is then synthesized by treat-
ment of 4-thienylaniline with benzaldehyde. This is followed by
cyanide coupling of the aldimine to form the desired 1,2-diimine
ligand 12. In contrast to the syntheses of 5–8, complete oxidation
of the diamine to the diimine took place spontaneously in air fol-
lowing chromatographic separation of the unreacted monoimine.

The new diazabutadiene analogues 5–8 and 12 were charac-
terized on the basis of 1H and 13C NMR, IR, and CI mass
spectroscopic data. Each compound exhibits an IR-active C=N
stretching frequency at approximately 1600 cm-1. The low energy
of this vibration is indicative of extensive p-conjugation. Surpris-
ingly, aromatic C–H vibrations were not detectable for any of these
ligands. CV data were obtained for each of the five new ligands
in dichloromethane solution. For 5–8, an irreversible oxidation
wave was observed at slightly lower potential than that of the
CH2Cl2 solvent wall, and no evidence for electropolymerization
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was found. It is possible that oxidative coupling of the pendant
thiophene moieties occurred in a similar fashion to that described
by Swager et al.13 In the case of 12, a reversible redox process
was evident at E1/2 = 0.12 V vs. Ag/AgCl, which may represent
reversible oxidation of the diamine to the diimine. The presence
of the phenyl spacer, however, did not lead to a lowering of the
oxidation potential of the thiophene moieties within the solvent
windows of either DCM or acetonitrile.

Recently, Macdonald et al.14 and our group15 demonstrated that
NHPs can be prepared by a simple high-yielding redox reaction
between PI3 or PCl3/SnCl2 and diazabutadienes. We were therefore
interested in exploring the reactivity of the new thiophene-
substituted diazabutadiene ligands with PI3. Each of the four
thiophene-substituted diazabutadiene ligands reacts readily with
PI3 in CH2Cl2 solution to afford the air-sensitive triiodide salts of
the corresponding phosphenium cations. Clearly the outcomes of
these redox reactions are not sensitive to the electron withdrawing
or electron donating character of the aryl substituents. The
reactions take place within a few minutes as evidenced by a color
change of the reaction mixture from yellow to reddish brown.

As in the case of previously reported phosphenium triiodide
salts,14,15 a 31P NMR singlet is observed in the d 190–200 ppm
region. The 19F NMR chemical shift of 13 is ~ d 10 ppm
downfield compared with that of the precursor diimine ligand 5,
which suggests donation of electron density from the para-fluorine
substituent to the cationic phosphorus center some six bonds away.
Single-crystal X-ray diffraction data were acquired for diimines 5,
6, 7, 12, and phosphenium salt 15. However, discussion is restricted

Table 2 Selected bond distances (Å) and bond angles (deg) for diimines
7 and 12 and phosphenium cation 15

Param 7 12 15

C(1)–C(2) 1.514(3) 1.516(6) 1.366(8)
N(1)–C(1) 1.277(3) 1.282(4) 1.394(7)
N(2)–C(2) 1.287(2) 1.275(4) 1.389(7)
N(1)–P(1) 1.659(5)
N(2)–P(1) 1.663(5)

N(1)–P(1)–N(2) 89.5(2)
N(1)–C(1)–C(2) 124.49(18) 124.1(3) 110.8(5)
N(2)–C(2)–C(1) 125.96(17) 124.1(3) 110.1(5)

to the structures of 7, 12, and 15; structural data for 5 and 6 are
available from the CCDC by citing numbers 707513 and 707514,
respectively. Details of the data collection and refinements are
provided in Table 1, and a listing of pertinent metrical parameters
is presented in Table 2.

The X-ray crystal structures of diimines 7 and 12 and phosphe-
nium triiodide salt 15 are illustrated in Figs. 1, 2 and 3, respectively.
None of the structures shows evidence of any unusually short
contacts. Diimines 7 and 12 adopt the s-cis conformation and the
metrical parameters for the diimine fragments are in line with
expectation. Akin to other phosphenium cation structures,14,15

Fig. 1 ORTEP diagram of 7 showing thermal ellipsoids at 50% probabil-
ity with H atoms omitted for clarity.

Table 1 Selected crystal data, data collection and refinement parameters for 7, 12, and 15

7 12 15

Formula C30H32N2S2 C35H26Cl2N2S2 C30H32N2PS2I3

Formula weight 484.72 609.62 896.37
Crystal system Triclinic Triclinic Orthorhombic
Space Group P-1 P-1 P212121

a/Å 9.7281(19) 9.5726(19) 11.682(2)
b/Å 12.001(2) 10.449(2) 16.724(3)
c/Å 12.295(3) 15.535(3) 17.083(3)
a/◦ 110.01(3) 100.09(3) 90
b/◦ 98.25(3) 103.56(3) 90
g /◦ 96.87(3) 95.64(3) 90
V/Å3 1312.6(5) 1471.3(5) 3337.4(11)
Z 2 2 4
Pcalcd/g cm-3 1.226 1.376 1.784
F(000) 516 632 1728
Crystal size/mm 0.24 ¥ 0.16 ¥ 0.13 0.18 ¥ 0.15 ¥ 0.12 0.16 ¥ 0.14 ¥ 0.09
q range/◦ 2.05 to 27.47 2.00 to 27.49 2.11 to 27.48
No. of reflns. collected 8618 10484 7608
No. of indep. reflns. 5933 6669 7608
R1[I > 2s (I)] 0.0524 0.0709 0.0417
wR2 (all data) 0.1465 0.1649 0.0954
Peak and hole/e Å3 0.324 and -0.376 0.427 and -0.452 0.825 and -0.812
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Fig. 2 ORTEP diagram of 12 showing thermal ellipsoids at 50%
probability with H atoms omitted for clarity.

Fig. 3 ORTEP diagram of phosphenium cation 15 at 50% probability
with H atoms omitted for clarity. A disorder model has been applied to
both thiophene rings.

the C(1)–C(2) bond distance of 1.366(8) Å for 15 is markedly
shorter than the C(1)–C(2) bond distance for the free diimine 7.
This results from a two-electron reduction of the diimine by PI3

leading to a C(1)–C(2) bond order of approximately two. Bond
distance data from Table 2 also indicate a lengthening of the
C–N double bond to a bond order of approximately one. The
C(1)–N(1) and C(2)–N(2) bond distances listed in Table 2 for
15 fall within the observed range for other phosphenium ion com-
plexes. These bond distances, however, appear to be slightly longer
than those of typical a-diimine phosphenium complexes.15,16 The
steric bulk introduced at the C(1) and C(2) positions provides a
rational explanation for these increased bond distances.

The mechanism of the reaction of diimines with PI3 has not been
established. However, it is plausible that the first step involves
the formation of I2 and a donor–acceptor complex between the
a-diimine and PI, from which I- is abstracted by I2. Completion
of the process is achieved by the subsequent or concomitant
transfer of two electrons from the P+ moiety into the LUMO of the
a-diimine.15

Conclusions

A relatively unexplored transformation has been employed for the
synthesis of a new class of thiophene-substituted diimine ligands.
These ligands have been fully characterized and their behavior
appears to mirror that of conventional 1,2-diimine systems. The
first structurally characterized example of a ligand with a phenyl
spacer between a thiophene carbon atom and an imino nitrogen
atom has also been prepared. The thiophene-substituted diimines
undergo redox reactions with PI3 to produce the corresponding
phosphenium triiodide salts. These complexes are the first ex-
amples of NHP analogues of 4,5-diaryl-substituted heterocyclic

carbenes. Investigation of the reactivity of these phosphenium salts
with transition metal moieties is currently underway.

Experimental

General procedures

All manipulations and reactions were performed under a dry,
oxygen-free, catalyst-scrubbed argon atmosphere using a com-
bination of standard Schlenk techniques or in a Vacuum At-
mospheres drybox. All glassware was oven-dried and vacuum-
and argon-flow degassed before use. All solvents were distilled
over sodium benzophenone ketyl, except dichloromethane which
was distilled over calcium hydride and degassed prior to use.
Phosphorus triiodide was obtained from a commercial source and
used without further purification.

Physical measurements

Low-resolution chemical ionization mass spectral data (MS-CI)
were collected on a Finnigan MATTSQ-700 mass spectrometer,
and high-resolution CI-MS spectra were recorded on a VG
Analytical ZAB-VE sector instrument. All MS analyses were
performed on samples that had been sealed in glass capillaries
under an argon atmosphere. Solution-phase NMR spectra were
recorded at 298 K on a Varian Inova instrument (1H NMR,
300.14 MHz; 13C NMR, 75.48 MHz; 31P NMR, 121.52 MHz and
19F NMR, 282.41 MHz) using CDCl3 as an internal reference
unless otherwise stated. The data for the phosphenium salts were
recorded immediately following removal of the sample from the
drybox. The 31P NMR chemical shift values are reported relative
to an external 85% H3PO4 reference. The 19F NMR chemical shift
values are reported relative to Freon-11.

X-Ray crystallography

A suitable single crystal of 5, 6, 7, 12 or 15 was removed from a
vial sealed inside a Schlenk tube, placed on a glass slide, covered
with degassed hydrocarbon oil, and mounted on a thin nylon
loop. The X-ray diffraction data were collected at 153 K on a
Nonius Kappa CCD area detector diffractometer equipped with
an Oxford Cryostream low-temperature device and a graphite-
monochromated Mo Ka radiation source (l = 0.71073 Å). In each
case, corrections were applied for Lorentz and polarization effects.
The structures were solved by direct methods and refined by full-
matrix least-squares cycles on F2.17 All non-hydrogen atoms were
refined with anisotropic thermal parameters, and all hydrogen
atoms were placed in fixed, calculated positions using a riding
model (C–H 0.96 Å). Pertinent experimental data are listed in
Table 2.

Preparation of thiophene monoimines 1–4

A round-bottom flask was charged with thiophene carboxalde-
hyde (2.244 g, 20 mmol), and appropriate arylamine (22 mmol)
and 200 mL of absolute EtOH. The reaction mixture was heated at
reflux for 12 h, following which it was cooled to room temperature
and the EtOH was removed under reduced pressure. Purification
of the crude products was effected by flash chromatography (SiO2)
using 80% hexanes and 20% ethyl acetate.

2524 | Dalton Trans., 2009, 2521–2527 This journal is © The Royal Society of Chemistry 2009
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4-Fluoro-N-[thiophen-2-ylmethylidene]aniline (1)

Yellow oil (90%). 1H NMR (300.14 MHz, CDCl3): d 8.52 (s, 1H),
7.46 (m, 2H), 7.18 (m, 2H), 7.11 (dd, 1H, J = 5.4, 3.6 Hz), 7.04 (t,
2H, J = 9.0 Hz). 13C{1H} NMR (75.48 MHz, CDCl3): d 160.96
[J(19F-13C) = 972 Hz], 152.63 (J(19F-13C) = 4.2 Hz), 147.13 [J(19F-
13C) = 12.9 Hz], 142.35, 132.25, 130.19, 127.62, 122.22 (J(19F-
13C) = 32.7 Hz), 115.63 (J(19F-13C) = 89.7 Hz). 19F{1H} NMR
(282.41 MHz, CDCl3): d -116.78 (m). IR (cm-1) 1615 (C=N), 1498
(C–Carom), 1428 (C–Carom), 1230, 1188, 819.

3,5-Dimethyl-N-[thiophen-2-ylmethylidene]aniline (2)

Yellow oil (88%). 1H NMR (300.14 MHz, CDCl3): d 8.56 (s, 1H)
7.46 (m, 2H), 7.12 (t, 1H J = 5.4 Hz), 6.86 (s, 1H), 6.84 (s, 2H),
2.40 (s 6H). 13C{1H}NMR (75.48 MHz, CDCl3): d 152.07, 150.96,
142.66, 138.24, 131.70, 129.67, 127.42, 127.35, 118.48, 20.95. IR
(cm-1) 1616 (C=N), 1600 (C–Carom), 1584 (C–Carom), 1425 (C–Carom),
1237, 1217, 1143, 1044, 945, 926, 846.

4-t-Butyl-N-[thiophen-2-ylmethylidene]aniline (3)

Yellow solid (95%). 1H NMR (300.14 MHz, CDCl3, TMS): d 8.50
(s, 1H), 7.39 (m, 2H), 7.32 (d, 2H, J = 4.5 Hz), 7.08 (d, 2H J =
4.5 Hz), 7.04 (t, 1H J = 3.6 Hz), 1.35 (s, 9H). 13C{1H} NMR
(75.48 MHz, CDCl3): d 152.23, 149.02, 148.60, 142.94, 131.82,
129.89, 127.58, 125.90, 120.56, 34.38, 31.32. IR (cm-1) 1616 (C=N),
1498 (C–Carom), 1428 (C–Carom), 1230, 1189, 914.

4-Methoxy-N-[(E)-thiophen-2-ylmethylidene]aniline (4)

Yellow solid (92%). 1H NMR (300.14 MHz, CDCl3): d 8.58 (s,
1H), 7.46 (m, 2H), 7.24 (d, 2H, J = 6.6 Hz), 7.12 (dd, 1H, J =
1.8, 1.5 Hz), 6.92 (d, 2H, J = 6.6 Hz), 3.78 (s, 3H). 13C{1H} NMR
(75.48 MHz, CDCl3): d 158.13, 150.97, 144.22, 142.99, 131.53,
129.66, 127.59, 122.51, 114.21, 55.32. IR (cm-1) 1615 (C=N), 1500
(C–Carom), 1463 (C–Carom), 1429 (C–Carom), 1292, 1246, 1193, 1163,
1107, 1032, 959, 832.

Preparation of diimines 5–8

Each of the imines 1–4 was added to a Schlenk flask along with an
equimolar amount of NaCN. The reaction vessel was degassed
and dry DMF (15 mL) was added via cannula. The reaction
mixture was stirred at room temperature for 3 days under argon,
following which it was diluted with 20 mL of DI water. The solid
product was extracted with diethyl ether (100 mL), washed with
DI water (5 ¥ 50 mL) and back-extracted with 50 mL of diethyl
ether. The organic layers were combined, dried with MgSO4,
filtered and concentrated to yield the crude product. In each case,
purification of the crude product by flash chromatography (SiO2)
with hexanes and ethyl acetate resulted in a mixture of the diamine
and the diimine. The latter mixture was then dissolved in 50 mL
of DCM and oxygen gas was bubbled through the solution until
the conversion was deemed complete (4 hours).

4-Fluoro-N-2-[(4-fluorophenyl)imino]-1,2-di(thiophen-2-
yl)ethylidene]aniline (5)

The reaction of 1 (2.63 g, 12.80 mmol) with NaCN (0.63 g,
12.80 mmol) resulted in the formation of a yellow–green solid.

The fully oxidized product was purified by flash chromatography
(SiO2) with 80% hexanes and 20% ethyl acetate to yield 5 as a
yellow solid (69%). 1H NMR (300.14 MHz, CDCl3, TMS): d 7.46
(d, 2H, J = 5.4 Hz), 7.26 (d, 2H, J = 5.1 Hz), 6.99 (dd, 2H, J =
5.7, 4.5 Hz), 6.74 (t, 4H, J = 6.9 Hz), 6.48 (m, 4H). 13C{1H} NMR
(75.48 MHz, CDCl3): d 160.44 [J(19F-13C) = 972.0 Hz], 157.34,
157.33, 144.39 [J(19F-13C = 10.8 Hz), 144.20, 131.54 [J(19F-13C) =
266.4 Hz], 128.17, 122.22 [J(19F-13C) = 32.7 Hz], 115.25 [J(19F-
13C) = 89.4 Hz). 19F{1H} NMR (282.41 MHz, CDCl3): d -117.23
(m). LRMS (CI+, m/z): 409 (100% M + H+). IR (cm-1) 1601 (C=N),
1495 (C–Carom), 1422 (C–Carom), 1216, 1195, 1184, 881, 850, 821.

3,5-Dimethyl-N-[2-[(3,5-dimethylphenyl)imino]-1,2-di(thiophen-2-
yl)ethylidene]aniline (6)

The reaction of 2 (2.00 g, 8.57 mmol) with NaCN (0.428 g,
8.57 mmol) resulted in the formation of a yellow solid. Following
oxidation, the resulting yellow solid was purified by flash chro-
matography (SiO2) with 80% hexanes and 20% ethyl acetate to
yield 6 as a yellow solid (45%). 1H NMR (300.14 MHz, CDCl3):
d 7.46 (d, 2H, J = 5.4 Hz), 7.23 (d, 2H, J = 5.4 Hz), 7.04 (t,
2H, 4.8 Hz), 6.65 (s, 2H), 6.15 (s, 4H) 2.08 (s, 12H). 13C{1H}
NMR (75.48 MHz, CDCl3): d 157.26, 148.55, 144.87, 137.69,
131.56, 130.42, 127.89, 126.57, 118.19, 21.18. LRMS (CI+, m/z):
429 (100% M + H+). IR (cm-1) 3064 (methyl C–H), 1617 (C=N),
1581 (C–Carom), 1419 (C–Carom), 1290, 1234, 1145, 1055, 1047, 851,
843.

4-t-Butyl-N-[2-[(4-t-butylphenyl)imino]-1,2-di(thiophen-2-
yl)ethylidene]aniline (7)

The reaction of 3 (1.79 g, 7.35 mmol) and NaCN (0.360 g,
7.35 mmol) resulted in the formation of a yellow solid. Following
oxidation, the resulting yellow solid was purified by flash chro-
matography (SiO2) with 80% hexanes and 20% ethyl acetate to
yield 7 as a yellow solid (53%). 1H NMR (300.14 MHz, CDCl3,
TMS): d 7.40 (d, 2H, J = 5.4 Hz), 7.23 (d, 2H, J = 5.2 Hz), 6.97
(m, 6H), 6.42 (d, 4H, J = 6.6 Hz), 1.19 (s 18H). 13C{1H} NMR
(75.48 MHz, CDCl3): d 156.63, 148.15, 145.70, 144.81, 131.40,
130.21, 127.96, 125.16, 120.33, 34.32, 31.33. LRMS (CI+, m/z) 485
(100% M + H+). IR (cm-1) 2959 (tBu C–H), 1591 (C=N), 1498(C–
Carom), 1460(C–Carom), 1421(C–Carom), 1360, 1268, 1202, 1176, 894,
850.

4-Methoxy-N-[2-[(4-methoxyphenyl)imino]-1,2-di(thiophen-2-
yl)ethylidene]aniline (8)

The reaction of 4 (2.50 g, 11.51 mmol) and NaCN (0.56 g,
11.51 mmol) resulted in the formation of a yellow solid. Fol-
lowing oxidation, the yellow solid was purified by flash chro-
matography (SiO2) with 60% hexanes and 40% ethyl acetate
to yield 8 as a yellow solid (52%). 1H NMR (300.14 MHz,
CDCl3, TMS): d 7.38 (d, 2H, J = 5.4 Hz), 7.17 (d, 2H, J =
5.6 Hz), 6.92 (dd, 2H, J = 5.4, 4.5 Hz), 6.69 (d, 4H, J =
6.6 Hz), 6.60 (d, 4H, J = 6.6 Hz), 3.65 (s, 6H). 13C{1H}
NMR (75.48 MHz, CDCl3): d 157.53, 156.49, 144.19, 141.40,
131.09, 130.24, 127.96, 122.75, 113.75, 55.28. (CI+, m/z) 433
(100% M + H+). IR (cm-1) 2922 (methyl C–H), 1602 (C=N),
1587 (C–Carom), 1500 (C–Carom), 1462 (C–Carom), 1422 (C–Carom),
1357, 1301, 1283, 1243, 1192, 1106, 1056, 1028, 925, 890.
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4-Thienylnitrobenzene (9)

Palladium(II) acetate (0.073, 0.325 mmol) was added to a
250 mL Schlenk under an inert atmosphere, following which
degassed DMF (65 mL) was added via cannula. Next, 1-Iodo-4-
nitrobenzene (2.70 g, 10.83 mmol), DABCO (0.070 g, 0.649 mmol),
and K2CO3 (4.50 g, 32.50 mmol) were added against an argon
backflow. Next, 2-thiophene boronic acid (2.08 g, 16.25 mmol)
was added and the reaction was monitored until deemed complete
by TLC (24 h). The reaction mixture was then diluted with diethyl
ether (100 mL), washed with DI water (4 ¥ 50 mL) and back-
extracted with diethyl ether (100 mL). The combined layers were
dried with MgSO4, filtered and concentrated to yield 9 as a yellow
solid (86%). 1H NMR (300.14 MHz, CDCl3, TMS): d 8.17 (d, 2H,
J = 6.4 Hz), 7.68 (d, 2H, J = 6.4 Hz), 7.41 (d, 1H, J = 4.8 Hz),
7.37 (d, 1H, J = 4.7 Hz), 7.09 (dd, 1H, J = 4.8, 4.2 Hz). LRMS
(CI+, m/z): 206 (100% M + H+).

4-Thienylaniline (10)

SnCl2 (8.78 g, 46.29 mmol) and 9 (1.90 g, 9.26 mmol) were added
under an inert atmosphere to a three-neck round-bottom flask
equipped with a condenser. Degassed absolute EtOH (15 mL) was
then added via cannula and the reaction mixture was heated to
reflux. Following this, a suspension of NaBH4 (0.175 g, in EtOH
(15 mL) was added dropwise to the solution and the reaction
mixture was heated at reflux overnight. The reaction mixture was
then cooled to 0 ◦C and quenched with 50 mL of DI water. After
adding sufficient 1 M NaOH to render the solution strongly basic,
the product was extracted into diethyl ether (50 mL) and washed
with DI water (3 ¥ 50 mL). The aqueous layer was then back-
extracted with diethyl ether (50 mL). The combined organic layers
were dried with MgSO4, filtered and concentrated to afford yellow-
green solid 10 (90%). 1H NMR (300.14 MHz, CDCl3, TMS): d 7.34
(d, 2H, J = 8.4 Hz), 7.09 (m, 2H), 6.96 (t, 1H, J = 4.8 Hz), 6.61
(d, 2H, J = 8.4 Hz), 3.70 (b, 2H). 13C{1H} NMR (75.48 MHz,
CDCl3): d 145.93, 144.90, 127.75, 127.02, 124.95, 122.96, 121.15,
115.18.

N-[phenylmethylidene]-4-(thiophen-2-yl)aniline (11)

3 Å Molecular sieves (6.00 g) and 10 (1.30 g, 7.42 mmol) were
added to a 100 mL Schlenk flask equipped with a condenser
and the mixture was degassed. Absolute EtOH (40 mL) was then
added via cannula. The reaction mixture was heated to reflux
and benzaldehyde (0.71 g, 6.74 mmol) was added dropwise to
the reaction mixture, following which it was heated at reflux
under argon for 24 h. The molecular sieves were then filtered
off and the EtOH was removed under reduced pressure to
yield green solid 11. Purification of the crude product by flash
chromatography (SiO2) with 90% hexanes and 10% ethyl acetate
afforded the pure product as a yellow powder (75%). 1H NMR
(300.14 MHz, CDCl3, TMS): d 8.42 (s, 1H), 7.84 (m, 2H),
7.57 (d, 2H, J = 8.4 Hz), 7.40 (m, 3H) 7.24 (d, 1H, J =
4.8 Hz), 7.17 (m, 3H), 7.01 (t, 1H, J = 4.8 Hz). 13C{1H}
NMR (75.48 MHz, CDCl3): d 160.02, 151.07, 143.98, 136.11,
132.26, 131.42, 128.81, 128.75, 128.05, 126.63, 124.64, 122.85,
121.50. IR (cm-1) 1623 (C=N), 1574 (C–Carom), 1491 (C–Carom),
1449 (C–Carom), 1314, 1260, 1199, 1168, 1113, 846, 815.

4-Thienyl-N-[2-[(4-thienylphenyl)imino]-1,2-diphenyl
ethylidene]aniline (12)

11 (0.36 g, 1.37 mmol) and NaCN (0.07 g, 1.37 mmol) were added
to a 50 mL Schlenk flask and degassed. Dry DMF (10 mL) was
added via cannula into the reaction mixture and the resulting
mixture was stirred under argon at 25 ◦C for 48 hours. The reaction
mixture was then quenched with DI water (20 mL), following
which it was extracted into diethyl ether (50 mL) and washed with
DI water (3 ¥ 50 mL). The aqueous layer was then back-extracted
with diethyl ether (50 mL). The combined organic layers were
dried with MgSO4, filtered and concentrated to yield 12 as a yellow
powder. Purification of the crude product by flash chromatography
(SiO2) with 90% hexanes and 10% ethyl acetate afforded the pure
product as a yellow powder (70%). 1H NMR (300.14 MHz, CDCl3,
TMS): d 7.84 (d, 4H, J = 6.4 Hz), 7.37 (m, 6H), 7.28 (d, 4H, J =
6.2 Hz), 7.18 (d, 4H, J = 6.2 Hz), 6.98 (t, 2H, J = 4.8 Hz),
6.51 (d, 4H, J = 6.4 Hz). 13C{1H} NMR (75.48 MHz, CDCl3,
TMS): d 163.87, 148.54, 144.14, 137.39, 131.26, 131.14, 128.83,
128.32, 127.99, 125.88, 124.40, 122.57, 120.80. LRMS (CI+, m/z):
525 (100% M + H+). IR (cm-1) 1601 (C=N), 1593 (C–Carom), 1576
(C–Carom), 1494 (C–Carom), 1448 (C–Carom), 1259, 1212, 1196, 1167,
1020, 959, 934, 848.

Preparation of phosphenium triiodide complexes 13–17

Each of the diimines 5–8 and 12 was added to a 50 mL Schlenk
flask along with an equimolar amount of PI3 under an inert
atmosphere. The reaction vessel was covered with aluminium
foil and 20 mL of dry, degassed DCM was added via cannula.
The reaction mixture was allowed to stir for 24 hours under
argon. Removal of volatiles under reduced pressure resulted in the
formation of powdered products, each of which was recrystallized
from a 4:1 dichloromethane/hexanes mixture at -40 ◦C under an
argon atmosphere to form dark red crystalline 13–17.

13. The reaction of 5 (0.100 g, 0.245 mmol) with PI3 (0.101 g,
0.245 mmol) resulted in the formation of 0.140 g (70%) of a dark
red powder. 1H NMR (300.14 MHz, CD2Cl2): d 7.64 (m, 4H), 7.41
(d, 2H, J = 5.4 Hz), 7.18 (t, 4H, J = 6.6 Hz), 7.04 (d, 2H J =
5.4 Hz), 6.93 (t, 2H, J = 5.2 Hz). 13C{1H} NMR (75.48 MHz,
CD2Cl2): d 158.41 [J(19F-13C) = 965.0 Hz], 156.32, 156.15, 146.48,
133.16, 130.43, 129.64 (dd, 2C, J = 21.9, 13.2 Hz), 127.56, 116.94
[J(19F-13C) = 93.9 Hz). 31P{1H} NMR (121.52 MHz, CD2Cl2):
d 191.57. 19F{1H} NMR (282.41 MHz, CDCl3): d -107.70 (m).
LRMS (CI+, m/z): 439 (100% 5 + P+). HRMS (CI+, CH4):
Calculated for C22H14N2F2S2P+, 439.0304; found 439.0298.

14. The reaction of 6 (0.100 g, 0.233 mmol) with PI3 (0.096 g,
0.233 mmol) resulted in the formation of 0.110 g (56%) of a dark
red powder. 1H NMR (300.14 MHz, CD2Cl2): d 7.35 (d, 2H, J =
5.7 Hz), 7.29 (s, 4H), 7.08 (s, 2H), 7.07 (d, 2H, J = 5.4 Hz),
6.91 (dd, 2H, J = 6.0, 5.4 Hz), 2.25 (s, 12H). 31P{1H} NMR
(121.52 MHz, CD2Cl2): d 194.03. LRMS (CI+, m/z): 460 (100% 6 +
P+). HRMS (CI+, CH4) Calculated for (C26H24N2S2P+), 459.1119;
found 459.1111.

15. The reaction of 7 (0.100 g, 0.206 mmol) with PI3 (0.084 g,
0.206 mmol) resulted in the formation of 0.130 g (70%) of a dark
red powder. 1H NMR (300.14 MHz, CD2Cl2): d 7.51 (m, 8H),
7.38 (d, 2H, J = 5.4 Hz), 7.02 (d, 2H J = 5.2 Hz), 6.89 (t, 2H,
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J = 5.4 Hz), 1.35 (s, 18H). 13C{1H} NMR (75.48 MHz, CD2Cl2):
d 154.35, 151.73, 138.60, 136.85, 133.40, 131.16, 130.56, 127.02,
126.53, 35.18, 31.30. 31P{1H} NMR (121.52 MHz, CD2Cl2): d
188.21 LRMS (CI+, m/z): 515 (100% 7 + P+). HRMS (CI+, CH4):
Calculated for C30H32N2S2P+), 515.1745; found 515.1744.

16. The reaction of 8 (0.100 g, 0.232 mmol) with PI3 (0.095 g,
0.232 mmol) resulted in the formation of 0.135 g (69%) of a dark
red powder. 1H NMR (300.14 MHz, CDCl3): d 7.58 (d, 4H, J =
6.9 Hz), 7.34 (d, 2H, J = 5.2 Hz), 7.05 (d, 2H, J = 5.1 Hz),
6.90 (m, 6H), 3.82 (s, 6H). 13C{1H} NMR (75.48 MHz, CD2Cl2):
d 161.32, 159.92, 144.82, 136.79, 133.32, 130.56, 128.99, 127.48,
115.02, 56.03. 31P{1H} NMR (121.52 MHz, CDCl3): d 192.06
LRMS (CI+, m/z): 313 (100%, 8–4-OMe anil), 463 (20%, 8 + P+).
HRMS (CI+, CH4): Calculated for (C24H20N2O2S2P+), 463.0704;
found 463.0703.

17. The reaction of 12 (0.100 g, 0.19 mmol) with PI3 (0.078 g,
0.19 mmol) resulted in the formation of 0.140 g (79%) of an
insoluble brown solid which was not characterized.
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