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Experimental Section
General Methods and Materials

Starting materials and reagents were purchased from Sigma Aldrich and Cambridge Isotope Laboratory,
and used as received. All reactions were performed in dry solvents under N, atmosphere unless otherwise
specified. The final [Pd(IT)(dppe)DPNDI], zigzag coordination polymer was characterized by 'H, °C, "°F
NMR and COSY spectroscopy at 298 K in DMSO-ds on Bruker Avance 400 MHz and 600 MHz
spectrometers. Tetra-n-butylammonium (TBA) salts of F-, CI', Br, I', AcO", H,PO4, NO,, NO; and PFg
~ were purchased from Sigma-Aldrich and were protected from moisture. Freshly prepared solutions of
zigzag coordination polymer and anions in dry, HPLC grade solvents were used for all spectroscopic and
electrochemical measurements.

DPNDI: DPNDI was prepared as described in the literature.’! Briefly, a mixture of 1,4,5,8-naphthalene
tetracarboxylic dianhydride (NDA) (0.8 g, 3 mmol) and 4-amino pyridine (0.56 g, 6 mmol) in DMF (20
mL) was heated under reflux for 8 h. A crystalline solid precipitated on cooling and was collected by
filtration. The crude product was purified by recrystallization from DMF to obtain compound 1 as an off-
white crystalline solid in 81% yield (1.02 g, 2.43 mmol). 'H NMR (400 MHz, DMSO-d;, 25 °C): 8 =
8.81 (dd, J = 1.6 Hz and 3 Hz, 4H.), 8.75 (s, 4H,), and 7.58 (dd, J = 1.6 Hz and 4.5 Hz, 4H,) ppm. "C
NMR (150 MHz, DMSO-dq, 25 °C): 6= 162.80, 151.23, 144.0, 131.01, 127.43, 127.21, and 124.96 ppm.
MS (HR-ESI, +ve) m/z: Observed 421.0942 [M+H]", [M+H] cuea = 421.0937. FT-IR: 3069.97, 1712.27,
1661.71, 1574.39, 1491.67 cm ™.

Pd(II)(dppe)(TfO7),: The reaction of 1 equiv of Pd(dppe)Cl, [dppe = 1,2-bis(diphenylphosphino)ethane]
with 2 eqiv AgOSO,CF; (silver trifluoro methanesulphonate) in DCM resulted in the desired cis
bis(triflate) complex (2).* '"H NMR (400 MHz, CD;CN, 25 °C): § = 7.82—7.76 (m, 12H), 7.68-7.63 (m,
8H), 2.98-2.94 (m, 2H), and 2.88-2.83 (m, 2H) ppm. MS (ESI-MS) m/z: 803.14 [M+H]".

[PA(ID)(dppe)(DPNDI)], coordination polymer: A mixture of NPNDI (0.1 g, 0.24 mmol), 2 (0.2 g, 0.24
mmol) in DMF (60 mL) was stirred for 5 h at room temperature. DMF was evaporated under the vacuum
and zigzag Pd(IT) complex was obtained as an off-white solid in 71% yield (0.84 g, 0.17 mmol). 'H NMR
(400 MHz, DMSO-ds, 25 °C): 6 = 8.84 (br, Hg proton, 4H), 8.75 (s, Ha proton, 4H), 7.90-7.85 (m, Hp
proton, 8H), 7.78-7.75 (m, H proton, 4H), 7.68—7.65 (m, Hg proton, 8 H) and 7.61-7.60 (d, Hc proton, J
= 5.4 Hz, 4H) ppm. “C NMR (150 MHz, DMSO-d,, 25 °C): = 162.23, 162.08, 151.35, 133.37, 133.30,
130.51, 129.67, 129.59, 126.79, 125.64, 125.28, 121.71, 119.58 and 30.71 ppm. "’F NMR (400 MHz,
DMSO-dq, 25 °C): 6= 79.28 ppm. ESIMS (+ve) m/z: Observed 462.1 [{Pd(dppe)}(DPNDI),]*"™*, 1073.0
[{Pd(dppe)}(DPNDI),(TfO),]"™", 548.0 [{Pd(dppe)}«(DPNDI),(TfO)]"", 828.9 [{Pd(dppe)}4(DPNDI),
(TFO)s]™, 2297.0 [{Pd(dppe)}«(DPNDI)4(TfO )¢]*". FT-IR: 3058.94, 1720.47, 1679.18, 1664.68,
1644.37,1608.71, 1582.10, 1497.53 cm ™.

Energy Minimized Structures of DPNDI, TfO /DPNDI/TfO” and THF/DPNDI/THF

B3LYP/6-31+G** energy minimization®® was conducted using Gaussian 03 Software.** Electrostatic
potential (ESP) map has been used to determine the charge distribution of NDI. Electron rich regions are
depicted in red and electron deficient regions are in blue.

Electrospray Ionization Mass Spectrometry (ESI-MS)

ESI-MS were recorded on a JEOL AccuTOF JMS-T100LC mass spectrometer using positive ionization
mode for the detection of the Pd(II) coordination polymer. ESI-MS shows the presence and isotope
distribution patterns of [ {Pd(dppe)}(DPNDI),]*" and [{Pd(dppe)},(DPNDI),(TfO )] [n=1,2,3.4...] at
m/z 462.1 and 1073.0 respectively. Moreover, ESI-MS also shows the presence and isotope distribution
patterns of [{Pd(dppe)}4(DPNDI)y(TfO)]", [{Pd(dppe)}+(DPNDI),(TfO);]”" and [{Pd(dppe)}s
(DPNDI)4(TfO )e]*" at m/z 548.0, 828.9 and 2297.0 respectively, indicating a preponderance of the
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tetranuclear (n=4) complex. ESI-MS data show isotope distribution patterns of DPNDI and TfO™
complexes: [DPNDI-TfO ] and [TfO -DPNDI-TfO .

UV/Vis Spectroscopy

UV/Vis spectra were recorded on a PerkinElmer Lambda-25 UV/Vis spectrophotometer. DPNDI ligand
and [Pd(II)(dppe)DPNDI], complex concentrations were taken at 10 uM and 2.5 pM, respectively and
the TBAX solutions were 30 times more concentrated.

Electrochemistry and Spectroelectrochemistry

Cyclic voltammetry (CV) was conducted on a Princeton Applied Research (PAR) VersaStat-3-200
potentiostat/galvanostat instrument using a standard electrochemical cell, consisting of a glassy carbon
working electrode, Pt-wire counter electrode, and Ag/AgCl (3 N aq. NaCl) reference electrode. CV was
recorded at 1 mM of DPNDI and Pd(II)(dppe)(DPNDI) containing zigzag coordination polymer in 0.1 M
TBAPF, / DMF supporting electrolyte solution at room temperature at 100 mV/s scan rate.

Spectroelectrochemistry was conducted in an Optically Transparent Thin Layer Electrochemical
Cell (OTTLE) fitted with a Pt-gauge working electrode, Pt-wire counter electrode, and Ag/AgCl (3 N aq.
NaCl) reference electrode using 0.5 mM of DPNDI and 0.2 mM of [Pd(II)(dppe)DPNDI], zigzag
coordination polymer in 0.1 M TBAPF¢ / DMF supporting electrolyte solution at room temperature.
UV/Vis spectra were recorded at 2 min. intervals on a PerkinElmer Lambda-25 UV/Vis
spectrophotometer while the applied potential was controlled by the PAR potentiostat, using Virtual
Potentiostat software. For the DPNDI™ radical anion formation the applied potential (£,,) was held at —
450 mV until the corresponding spectra reached the saturation point and did not show any difference
between two consecutive spectra. The same was done for the detection of DPNDI*™ by setting E,, at 900
mV.

Crystal Growth and Crystallographic Data

Rectangular shaped single crystals were grown by a slow vapor diffusion of THF into CH;CN solution of
the [Pd(II)(dppe)DPNDI], complex. Numerous crystals were analyzed before the most suitable single
crystal was mounted on a goniometer head of a Bruker SMART APEX II diffractometer using a nylon
loop with a small amount of Paratone oil (Hampton Research). The crystal was cooled to 153 K in a cold
stream of N, gas. After finding a crystal that indexed to give a satisfactory unit cell, a full low-
temperature data set at 153 K was recorded using a sample-to-detector distance of 6 cm. Diffraction data
of the compound was measured with Mo Ka (A = 0.71073 A) radiation. The size of the crystal required
100 s collection times with omega scans. Even so, reflections were found only at considerably below
optimal angles-only about 8 = 19°. The Bruker suite of programs on the APEX II was used to integrate
the data and SADABS was used for absorption corrections.>>® The structure was readily solved by direct
methods and refined using the SHELXTL.®” This crystal has a very open structure containing a lot of
disordered THF solvent molecules. The structure shows a zigzag pattern of [Pd(II)(dppe)(DPNDI)],
chains. We have attempted to resolve solvent molecules, with and without various restraints.
Interestingly, all attempts to assign the disordered THF molecules resulted in elevated R-values. THF is
known to cause disorder in crystal structures. Since the use of restraints to control the THF molecules
yielded problematic results, Platon SQUEEZE program was used. Four tetrahydrofuran molecules were
present as the solvent molecule among which two has been removed using SQUEEZE. Thus eight carbon,
sixteen hydrogen and two oxygen atoms of tetrahydrofuran molecule were added to the chemical formula
to adjust the density, molecular mass and FOOO value. In the main residue N2, N4, C21, C27, C28, C32,
C33, C37 and C38 were left isotropic since anisotropy for these atoms was not stable." The final R-value
was R1 = 0.0731 and wR2 = 0.1950 for 5085 observed reflections / > 2¢(/). In the title compound,
[Pd(ID)(dppe)DPNDI], the complex molecule has crystallographically imposed inversion symmetry. The
stereochemistry about each PAN,P, center is square planer. Crystallographic data has been deposited at
the Cambridge Crystallographic Data Center with reference number CCDC 841999. These data can be
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obtained free of charge from The Centre via

http://www.ccdc.cam.ac.uk/data_request/cif.

Cambridge Crystallographic  Data

Formula moiety C50H36N4O4P2Pd, 4(C4H80), 2(CF303S)
Formula sum C60H52F6N4012P2Pd82
Formula weight 1511.58

Crystal system Monoclinic
Space group P2(1)/c

a, A 21.140(4)

b, A 14.841(3)

c, A 25.156(5)

B, ° 96.51(2)

Z 4

v, A’ 7842(3)

Dcalcd, g Cm} 1.411

i, mm 0.395 (Mo Ko
T,K 153(2)

A 0.71073 (Mo Ka)
R1 0.0731

WwR2 0.1950

Rin 0.0623

No. of reflections measured 23941

No. of independent reflections 6504

Goodness of fit on F~ 1.085

CCDC no 841999
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Figure S1. (a) COSY NMR (400 MHz)

spectra of the [Pd(ll)(dppe)DPNDI], coordination polymer in
DMSO-d; at 298 K. (b)'H NMR spectra (DMSO-d;, 298 K) of free DPNDI ligand (bottom) and the [Pd(ll)

(dppe)DPNDI], coordination polymer (top) indicating how pyridine protons Hg and H, of DPNDI ligand
shifts to downfield and become broad as a result of the complex formation.
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Figure S2(a and b). ESI-MS shows the presence and isotope distribution patterns of [{Pd(dppe)},

(DPNDI), ]2 (a) and [{Pd(dppe)},(DPNDI),(TfO"),]"* where n=1,2,3,4
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Figure S2(c-e). ESI-MS shows the presence and isotope distribution patterns of (c) [{Pd(dppe)},(DPNDI),
(TFO)I™, (d) [{Pd(dppe)},(DPNDI),(TfO")5]** and (e) [{Pd(dppe)},(DPNDI),(TfO")s]*".
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Figure S3. '°F NMR spectrum of TfO- in [Pd(I)(dppe)DPNDI],, coordination polymer (DMSO-d;, 298 K).
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Figure S4. UV/Vis spectra of (a) free DPNDI ligand (10 yM/DMSQ) and (b) [Pd(ll)(dppe)DPNDI],
coordination polymer (2.5 yM/DMSOQO). UV/Vis spectra of free DPNDI ligand in DMSO with (c) TfO-
and (d) THF.

S10



Electronic Supplementary Material (ESI) for CrystEngComm
This journal is © The Royal Society of Chemistry 2012

Intensity (16800)

(a) x10°

16 1

{[DPNDIJ-
10+

laz1.4

/422A1

/4228

0_ ‘ g

483.3

486.5

542.7
|

[DPNDI-TfO-]

570.8

571.8

572.8

T T
420

x10>  Intensity (18140)

1 [TfFO--DPNDI-TfO"]

—t—

358.2

359.2

3602

352.2 364.9

366.4

l/353.2

U e e ==

[ T ——
T T T T

480

T
500

mi

Y PR
e : =

TR R RrIrY

T
520

|' 5466
!
T T

T T
540 560

P -

||I I
T T
580

[N421.1

[DPNDIJ-

I__l_\

4152 4192
|

4221

T T
340 350 360 370

380

m/z

L
390

T

i n‘Ith‘J ; .i.a.'«...‘i ..“I

T
400 410 420

T
430
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Figure S6 (a and b). B3LYP/6-31+G** energy minimized structure of (a) [TfO—-DPNDI-TfO]
complex and (b) [THF-DPNDI-THF] complex.
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Figure S7. UV/Vis spectra of [Pd(ll)(dppe)DPNDI], coordination polymer (2.5 yM/DMSO) with excess
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Cartesian coordinates and total energies (Hartrees) of B3LYP/6-31+G** energy minimized

structures of NDI/anion complexes
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.13222600
.69160600
.31242400
.69184800
.04724600
.30992500
.04724600
.30992500
.52038200
.84729500
.93678900
.01225500

02999300
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OO O W0n e

4
2

-4

.29794800
.94812400
-1.
-2.
-1.
-3.
.29794800
-2.

72918600
05329600
83822400
11262100

94812400

Total energy = -3364.6552446

DPNDI*2THF

N

TITDT T OQOQZ2 o000 D DT TTOoOQZ200000000zx DT OO0OQOQO2000000000Q0

.47643200
.84472400
.39955700
.72990800
.41015300
.85549600
.71211100
.65317600
.33341300
.65622100
.77875100
.39970200
.76800400
.32283100
.63538300
.73296000
.27640300
.17083500
.24755800
.19966200
.48798100
.46833300
.39162300
.41122600
.88387400
.84959900
.19169700
.59750000
.65032800
.28096300
.56999400
.97569600
.00001600
.55072300
.80714500
.77285900
.11495800
.52077300
.57360900
.20424400
.49324500
.89894900
.92330500

-3.
.97533700
.29053300
.51640000
.34841300
.21604500
.61378300
.97533700

W w s O,

61378300

.79940000
.66406700
.31171700
.13034000
.27779900
.62958000
.16191400
.20658100
.35406700
.17143600
.70587400
.87563800
.74025600
.38793100
.23813500
.09517300
.21378000
.38232900
.30612600
.29006200
.76836700
.83127400
.90741500
.84469700
.14225600
.14104700
.52727500
.80330400
.74974500
.47545100
.90694600
.22612400
. 77931300
.27744400
.21849100
.21730100
.60352500
.87953100
.82595100
.55166000
.83067100
.14985800
.85550000

|
NPFPFONMNRPEPE PR ORFRRFE O

.49963700
.47214300
.52038200
.84729500
.93678900
.01225500
.49963700
.47214300

.00458300
.25963800
.23817200
.00199000
.23291700
.25165400
.43316200
.00068400
.23559200
.43187000
.25433000
.00190800
.25696400
.23549800
.43048800
.42919600
.36034300
.36265500
.36532800
.36301800
.28548600
.29465500
.29198200
.28816200
.00591200
.02422000
.02465600
.00847400
.00898600
.01110800
.03775300
.03868800
.02194600
.02559600
.00323700
.02314500
.02351700
.00579800
.01319700
.01538400
.03798000
.03879300
.02740300
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-4.47401300
-4.59186500
-3.19822700
-2.44153800
-3.39405500
-4.78655500
-5.11442700
-4.92432600
-1.70450300
-1.89465200
-3.13810200
-3.32545300
-5.26467600
.45203000
4.33126300
.91837400
.23615200
.26333600
.62007900
.66495500
.79352300
.65643900
.52783900
.20396600
.07725500
.27593300
.14922400

T DD D T oQ@mDn D@D D DD Q000 0xE
|
(@)

OO W WE PR & D WNDDN

Total energy =-1906.7059077

OO W WNDN S DWNDNDW

.35363500
.61344100
.31783300
.52207900
.71265200
.12423900
.07942700
.18969100
.55059100
.44029900
.40423800
.29556600
.50563600
.39696500
.34533300
.14643300
.40298000
.52730900
.84240100
.83123700
.84250600
.42651300
.41524100
.18127200
.17016500
.13530700
.12420000

O ORFP OO0OO0OO0OOoOOoOOo

.03117200
.13071000
.00284300
.14940200
.12199700
.05939700
.70401300
.11300900
.69378800
.12368600
. 71773200
-1.
.99475000
.79600600
.04501400
.05571000
.09599700
.01672300
.07459200
.98275500
.84295300
.05432000
.77184300
.92102000
.87829700
.78156700
.01775000

07302400
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