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Abstract

3-Diphenylthiophosphorylaniline and isophthalic 26-pyridinedicarboxylic acids were
used as key precursors for the synthesis of ditgincer ligands bearing thioamide and
thiophosphoryl donor groups. Depending on the eawfr a (hetero)aromatic spacendta
functionalized phenylene or pyridine rings), trgahds derived underwent coordination either at
the lateral or central pincer units, selectivelipedfing binuclear (in the case of phenylene-based
ligand) or mononuclear (in the case of pyridinedaaderivative) Pd(ll) pincer complexes. The
mononuclear pyridine-based palladacycle is pronéefarotonation of the secondary thioamide
groups, resulting in sulfide clusters. A structarfethe tetramer obtained was elucidated by
single-crystal XRD.
Key words: pincer complex, ditopic ligand, palladium, cyclo@alation.

1. Introduction

Among the rich variety of organometallic compoungiscer complexes comprise one of
the most thoroughly studied classes that attraatimoous research interest [1, 2]. High stability
and tunability provided by specific tridentate g promote wide application scope of these
complexes—from organic synthesis and catalysis dterrals science and medicinal chemistry.
Whereas the overwhelming majority of the reportgdneples represent mononuclear species,
there are a limited number of Pd(ll), Pt(ll), Ru)lland Re(l) binuclear and trinuclear complexes
combining several pincer motifs in their structuieee, for example, Fig. 1) [3]. Besides
interesting reactivity patterns and supramolecusiauctures [3c—f,h—j,m,n], these complexes
exhibited remarkable redox properties [3a,g], e#tal activity [3k,I], and photophysical
characteristics [3b], sometimes exceeding in thiopaance their mononuclear prototypes.
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Fig. 1. Examples of ditopic pincer complexes.

Most of the known ditopic pincer complexes are apleel with nitrogen donors, while
their sulfur- and phosphorus-containing analogsaianessentially underexplored. At the same
time, mononuclealS,C,Spincer complexes, in particular, those bearingrthi sulfur donors
were shown to possess intriguing chemical behavaiyable luminescence properties, and high
catalytic activity in different reactions (Fig. B]. Therefore, it seemed interesting to develop
related ditopic pincer systems. In this communargtwe report on the synthesis of potentially
dinucleating ligands having thiophosphoryl and ¢aiamoyl coordination arms, where two
pincer moieties are bridged by (hetero)aromaticersg The peculiarities of their complexation

with Pd(Il) ions are considered.
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Fig. 2.Mononuclear pincer complexes with thione sulfur etsn

2. Results and discussion
A convenient key precursor for the synthesis of ehollgands appeared to be 3-

diphenylthiophosphorylaniliné (Scheme 1). It should be noted that its phosphtegl analog
has been used successfully for the creation of ithyB;C,Spincer ligands that led to
mononuclear Pd(ll) complexes [5]. The synthesistlué P(S)-functionalized aniline was
accomplished by analogy with its P(O)-counterptattsig from triphenylphosphine oxide. An
additional thionation step was introduced to féamié the construction of a multidentate ligand
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framework, since the conversion of tertiary phosphoxides to the corresponding sulfides
requires harsh reaction conditions and is more t¢ioatpd than the thionation of amides [6].
Interestingly, this modification did not affect tlogerall yield of the target product. In contrast,
optimization of the reaction conditions and isaatprocedures led even to the more facile and
efficient multigram synthesis of the key phosphqgotescursor.

P(O)Ph, P(S)Ph, P(S)Ph,

KNOj, H,S0, (conc.) Ry, PhCl, SNCly2H,0, EtOH,

50-60°C, 3 h reflux, 3 h reflux, 9.5 h
PhsP=O —m _ 7

NO, NO, NH;
1

S
R.= MEO_QB<2:E©_OME
Scheme 1Synthesis of key thiophosphorylated aniline

The reactions of anilind with isophthalic and 2,6-pyridinedicarboxylic acithlorides
under mild conditions smoothly afforded bis(amid2dnd 3 in high yields (Scheme 2). The
latter were transformed to the corresponding bisétinides) (compound4 and5, Scheme 2)
upon refluxing with an excess of the Lawesson netagechlorobenzene. The structures of the
ligands derived were unambiguously confirmed byrthdtinuclear NMR and IR spectroscopic
data. In particular, 2D NMR spectra (COSY, HMQC,daHMBC) allowed for the full
assignment of the signals of hydrogen and carbartengsee, for example, Figs. S1-S8 in
Supplementary Data (SD)). In the case of bis(thidaid, most of the signals in the NMR
spectra registered at room temperature appeardake tbroadened; however, a temperature
decrease to 258 K afforded the resolved signatsEs@erimental section).

The choice of the mentionedhetafunctionalized carbonyl derivatives ensured the
formation of two lateral pincer motifs. At the sarmime, the central (hetero)aromatic moiety
with two thiocarbamoyl pendant arms can also adoptidentate coordination mode, either
monoanionic (in the case of phenylene-containiggnd4) or neutral (in the case of pyridine-
substituted ligand5). The realization of the second complexation sgenaould afford
mononuclear complexes with two equivalent five-mensld fused palladacycles, whereas the
expected ditopic coordination involving the P=S d@dS donor groups would lead to 5,6-
membered unsymmetrical binuclear derivatives. Tihese it seemed interesting to estimate the

possibility of selective cyclopalladation in thesestems.
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Scheme 2Synthesis of ditopic pincer ligands with (heterojaatic spacerg and>s.

Reaction of ligand with two equivalents of PAgINCPh) in CH,Cl, at room temperature
smoothly afforded the desired binuclear compewith two pincer fragments in a high yield
(Scheme 3). Interestingly, tH& NMR spectrum of the reaction mixture at room terafure in
5 days displayed broadened signals in the rangé.6t48.6 ppm, which were partially resolved
upon cooling to 258 K (Fig. S9 in SD). Presumalbihe steric congestion of a ditopic pincer
system with the bulky BR(S) pendant arms resulted in restricted rotatioth fmrmation of
conformational isomers, which slowly interconveriadchlorinated hydrocarbonside infra).
Thus, for example, addition of DMF led to conversif these signals to a sole singlet at 48.4
ppm (Fig. S10 in SD). A significant downfield shdt the phosphorus resonances compared to
that of the free ligand unambiguously indicatedrdowtion of the P=S donor groupsse up to
~5.5 ppm). Note that a relatively long reactiondifof. 5 days instead of 1 day in the case of a
mononuclear analog [5]) was stipulated by the stowersion of an intermediate complex (or a
mixture of complexes) formed immediately after mixiof the reagents, which, in turn, was
connected with its (or their) low solubility in GEI,. The addition of more polar solvents, such
as DMF, although accelerated the reaction, butnéisdlg complicated the product isolation.

The*P NMR monitoring of the analogous reaction of liddn having a pyridine spacer,
with PACL(NCPh} in CH,Cl, did not reveal coordination of the thiophosphogybups.
Independent from a relative amount of the metatymsor (1-3 equivalents), tHéP NMR
spectra showed signals in a narrow range of 42-@3-—pa region typical for the non-
coordinated phosphine sulfides. Furthermore, a sioiglet signal (at 42.3 ppm) was detected
only in the case of 1.1 metal/ligand ratio. Thig@ests that the coordination of ligahdccurred
selectively at the central pincer unit involvingetpyridine ring and the thiocarbamoyl donor
groups. Optimization of the reaction conditionsoaid for the isolation of mononuclear
complex7 in a good yield (Scheme 3).
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Scheme 3Complexation of ditopic pincer ligandsand5 with Pd(ll) ions.

The compositions of complex@&sand7 were confirmed by the elemental analyses. Their
structures were supported by the IR spectroscogia. d’hus, the lower-frequency shift of the
P=S bond stretching vibrations was detected onlyth@ case of comple¥. This is a
characteristic feature of pincer complexes invalviP=S ancillary donor groups [5, 6]. In the
case of complex, the mentioned absorption band was observed inedien typical for free
phosphine sulfidesct. 640 cm™ for complex7 and 637 cii for the corresponding ligans).
Furthermore, the IR spectra of the complexes obthshowed N—H stretching vibrations in the
range of 3150-3220 cthinstead of 3234-3258 cinfor the free ligands, which confirms the
coordination of thioamide groups in both compounds.

Unfortunately, after isolation and drying, compléxappeared to be poorly soluble in
chlorinated hydrocarbons. Furthermore, as wellnathé case of the reaction mixture, tHe
NMR spectrum of a solution of this palladacycle @DCl; at room temperature showed
broadened signals in the region characteristic tfer coordinated BR(S) groups, which
converted to a number of singlet signals in thegeaof 45.5-48.6 ppm upon cooling to 258 K
(Fig. S11 in SD). The existence of several confesmeas further supported by the presence of a
range of well resolved signals at 11.33-12.51 pprthe*H NMR spectrum registered at the
reduced temperature, which were attributed to tReC($) protons (Figs. S12 and S13 in SD).
Although complex6 rapidly decomposes in coordinating solvents,*feand'H NMR spectra
registered in 5 min after its dissolution in (§£50 eventually confirmed the suggested structure
of this complex (Figs. S14 and S15 in SD). Notd tha content of undefined decomposition
products reached 12% even over such a short pefidiche. However, a strongly downfield-
shifted phosphorus resonance of the main compomastindicative of coordination of lateral
pincer units § = 49.09 ppm). Furthermore, thid NMR spectrum displayed the characteristic
singlet of H(C1) proton of the non-metallated cahtphenylene ring along with the other
aromatic and NHC(S) proton signals.

Dissolution of palladacycle/ even in non-coordinating solvents led to spontaseo

deprotonation of the secondary thioamide groupsrapanied by oligomerization. This made
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impossible its characterization by single-cryst®®X and NMR spectroscopy. Thus, the
NMR spectra registered directly after dissolutidnttos complex in CDGl did not reveal the
expected signals of the NH protons and containdgl broadened patterns in the range of
aromatic proton signals. Slow diffusion of,8t into NMP—-CHC} solution of complex7
afforded red prisms suitable for XRD analysis. Téier appeared to be tetran®rresulting
from deprotonation of the coordinated NHC(S) mei{Scheme 4, Fig. 3). This confirmed that
coordination of liganc involved the central pincer unit. All the thioamaigroups in chloride-
free complex8 converted into iminothiolate ones; and one ofithmothiolate group from each

dianionic pincer fragment serves as a bridgingiiha
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Scheme 4Clusterization of complex 7.

P (S)Ph2
Fig. 3. General view of comple8. For clarity, PBP(S) groups are shown as thermal ellipsoids of the

phosphorous atoms given at 50% probability levelv&@e NMP and CHGImolecules are omitted.

Deprotonation of secondary thioamide groups SiN,Spincer systems with central
pyridine units has already been described in ttezaliure [7]. Thus, the spontaneous loss of

protons in one or both of the NHC(S)Ph coordinateoms in symmetrical ligands afforded
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stable mononuclear Pd(ll) and Pt(ll) complexes witiher mono- or dianionic ligands [7¢€]. In
the case of the related Ru(ll) complex, the stepwiisprotonation of the thioamide protons led
firstly to a mononuclear derivative, which then eerted to a dimer with two dianiontg,N,S
ligands [7a]. A propensity of a Pt(ll) bis(thioara)d pincer complex for reversible
deprotonation/protonation enabled its use as a culale switch for half sulfur mustard [7b].
Finally, treatment of Pd(Il) counterparts with amgainc or Grignard reagents afforded
bis(thioimide) pincer clusters which efficientlytabyze the Negishi cross-coupling [7c,d]. Thus,
the coordination behavior of ligarftdwith a pyridine central ring is in good agreemerth the
literature data, and the presence of the thiophmgplpendant arms does not affect the
selectivity upon complexation with Pd(ll) ions, rdugh facilitates deprotonation of the
thioamide groups. As for the related monotopic pirgystems with phenylene central moieties,
a literature survey has revealed only several mociear complexes with iminothiolate donor
groups (M = Pt, Ru, Ni) which were formed upon &ddi of strong bases [8]. Spontaneous
deprotonation in phenylene-based bis(thioamidegapirsystems was observed only once and
afforded a Pt(ll) chalcogenide cluster in 4% yig{l Therefore, the stability of complekis in
line with the previously published data. What isportant to note about this system is the
selective activation of unsymmetrical lateral pingeits instead of a symmetrical central pocket.
Furthermore, the conjugation of tv&C,Spincer units through metaphenylene spacer resulted

in a sterically congested system with complicatgdrconversion of conformational isomers.

3. Conclusions

In this work, new ditopic pincer ligands bearingPand C=S donor groups were shown to
undergo site-selective cyclopalladation/coordinatiepending on the nature of (hetero)aromatic
spacers. Further studies will shed more light om tbactivity and properties of the related
dinucleating systems with thione sulfur donors.

4. Experimental
4.1. General remarks

Unless otherwise mentioned, all manipulations veareied out without taking precautions
to exclude air and moisture. Dichloromethane waslidid over BOs. Isophthaloyl [10] and 2,6-
pyridinedicarbonyl [11] dichlorides were obtainegl tbeatment of the corresponding acids with
an excess of SOghccording to the published procedures. All othemaicals and solvents were
used as purchased.

The NMR spectra were recorded on Bruker Avance &) Avance 500 spectrometers,

and the chemical shift$) were referenced internally by the residual sahagnals relative to
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tetramethylisilane'H, *°C) or externally to EPO, (*'P). In most cases;C{'H} NMR spectra
were registered using tRIIMODECHO mode; the signals for tii@nuclei bearing odd and even
numbers of protons have opposite polarities. Tisggament of the NMR spectra of ligands
and5 was carried out based on th¢-"H-COSY, HMQC, and HMBC experiments. The results
obtained were used for interpretation of the NMRcma of the other compounds from this
study.

The IR spectra were recorded on a Nicolet Magn&IRFT-spectrometer, resolution 2
cm, 128 scans. The assignment of absorption banteifR spectra was made according to
ref. [12]. Column chromatography was carried ouhg@dviacherey-Nagel silica gel 60 (MN
Kieselgel 60, 70-230 mesh). Melting points wereedained with an MPA 120 EZ-Melt

automated melting point apparatus (Stanford Rebegystems).

4.2. Syntheses

3-Diphenylthiophosphorylaniline, 1.

A mixture of triphenylphosphine oxide (10.40 g,370mol) and conc. $¥$0, (50 mL) was
stirred at room temperature until complete dissotubf PRP(O). Then KNQ (4.25 g, 0.042
mol) was added portionwise, and the mixture wagdaeat 50-60 °C for 3 h. After cooling to
room temperature, it was poured onto ice, and éselting solution and resin-like precipitate
were extracted with chloroform. The organic layesswseparated, sequentially washed with
saturated aq. NaHGCand water, dried over anhydrous,8@y, and evaporated to dryness. A
stirred mixture of the resulting residue, the Lasoes reagent (8.08 g, 0.020 mol), and
chlorobenzene (60 mL) was refluxed for 3 h. Theisoh obtained was diluted with chloroform,
washed with saturated aq. NaHC&nd water, dried over anhydrous,88y, and evaporated to
dryness. The resulting residue was purified by moluchromatography on silica gel (eluent:
CHCl;) to give a viscous brown oil bearing a mixture ofsomeric
(nitrophenyl)diphenylphosphine sulfides. A stirnaikture of this residue, Sn&£RPH,0 (50.7 g,
0.225 mol), and ethanol (150 mL) was refluxed fdr B. After cooling to room temperature, it
was poured onto ice. Then NaOH was added portienwipH ~10, and the resulting solution
was extracted with chloroform. The aqueous phase separated, filtered (using filter paper),
and additionally extracted with chloroform. The donmed organic layer was dried over
anhydrous Ng50O, and evaporated to dryness. The residue obtainedpwefied by column
chromatography (eluent: CH{l The crude product was additionally purified bglumn
chromatography using EtOAc—hexane (1:1) mixturgit@ 5.11 g ofmetathiophosphorylated
aniline as a white crystalline solid. Yield: 44%P{'H} NMR (161.98 MHz, CDC}): 43.73
ppm. Mp: 182-184 °C (compare with 182—-183 °C in [E3]).



General procedure for the synthesis of bis(amide®) and 3

A solution of the corresponding acid dichloride6®mmol) in CHCI, (10 mL) was added
to a stirred solution of aniling (402 mg, 1.30 mmol) and # (135 mg, 1.33 mmol) in Ci€l
(10 mL). The reaction mixture was stirred at ro@mperature for 2 h and left under ambient
conditions for 1 day. The solvent was removed urdeuum. The resulting residue was purified
by column chromatography (eluent: hexane—acetorig (2) or CH.CI—EtOH (100:1) 38)) to
give the target compounds as white crystallinedsolNote that bis(amided was additionally
rinsed with E2O to remove traces of the unreacted aniline.

N,N'-bis[3-(diphenylthiophosphoryl)phenyllbenzene-1,3icarboxamide, 2.

PhoPxg PP

Yield: 448 mg (92%). Mp: 149-151 °G'P{*H} NMR (161.98 MHz, CDCJ): 5 43.19
ppm.*H NMR (400.13 MHz, CDG): & 7.26-7.38 (m, 12H, ), 7.42-7.46 (m, 5H, K), 7.65
(dd, 8H,0-H in P(S)Ph, *Jup = 13.4 Hz,3Jyy = 7.2 Hz), 7.90-7.97 (m, 4H,H, 7.99 (d, 2H,
H(C8) + H(C8"),3J4p = 14.8 Hz), 8.28 (s, 1H, H(C1)), 8.88 (br s, 2H{)Nopm.*C{*H} NMR
(100.61 MHz, CDGJ): § 123.97 (s, C12 + C12'), 124.08 (d, C8 + E&p = 13.2 Hz), 125.52 (s,
C4), 127.94 (d, C10 + C1GJcp = 10.3 Hz), 128.57 (dn+-C in P(S)Ph, *Jep = 12.6 Hz), 129.08
(d, C11 + C113Jcp = 13.6 Hz), 129.22 (s, C1), 131.39 (s, C3 + CB),.12 (sp-C in P(S)Ph),
132.13 (sjpso-C in P(S)Ph, “Jcp = 82.6 Hz), 132.14 (ch-C in P(S)Ph %Jcp = 10.8 Hz), 133.31
(d, C9 + C9'!Jcp = 85.0 Hz), 134.49 (s, C2 + C6), 138.34 (d, C7#, Ocp = 15.4 Hz), 165.51
(s, C=0) ppm. IR (KBry/cm™): 513(m), 581(vw), 615(w), 640(myR=S), 691(m), 716(s),
747(w), 791(vw), 997(vw), 1027(vw), 1102(m), 118&{y 1244(m), 1306(m), 1395(sh, w),
1412(m), 1436(m), 1480(m), 1529(m) (C(O)NH), 158Y,(m659(sh, m) and 1677(m) (both
vC=0), 3053 (vw), 3309 (br, wyNH). Anal. Calcd for G4H34N.O-P.S;: C, 70.57;H, 4.58; N,
3.74. Found: C, 70.31; H, 4.83; N, 3.80%.

N,N'-bis[3-(diphenylthiophosphoryl)phenyl]pyridine-2,6-dicarboxamide, 3.

3 X5

11 2 N8 1

PhoPxg #PPhe

Yield: 410 mg (84%). Mp: 270-272 °C (dec*}P{*H} NMR (161.98 MHz, CDCJ): &
43.06 ppm*H NMR (400.13 MHz, CDG)): 5 7.38-7.50 (m, 16H, k), 7.71 (ddd, 8Hp-H in
P(S)Ph, 3Jup = 13.4 Hz2Juy = 7.8 Hz,*Juy = 1.5 Hz), 7.97-8.00 (m, 2H,.H, 8.04—-8.10 (m,



10

3H, Har), 8.42 (d, 2H, H(C3) + H(C5%Jun = 7.8 Hz), 9.82 (br s, 2H, NH) pprtC{*H} NMR
(100.61 MHz, CDGJ): 6 124.70-124.92 (m, overlapping signals of C3, C§, &d C8'), 125.85
(br s, C12 + C12'), 128.47-128.60 (m, overlappiggas ofm-C in P(S)Ph C10, and C10),
128.99-129.15 (unresolved signal of C11 and C1387,63 (sp-C in P(S)Ph), 132.17 (do-C

in P(S)Ph, “2Jcp = 10.8 Hz), 132.36 (dpso-C in P(S)Ph "Jcp = 85.3 Hz), 133.65 (d, C9 + C9',
YJep = 84.9 Hz), 137.41 (d, C7 + C73cp = 15.4 Hz), 139.23-139.32 (unresolved signal of, C4
148.76 (s, C2 + C6), 161.95 (s, C=0) ppm. IR (KBcm™): 494(w), 512(m), 615(w), 640(m)
(vP=S), 693(m), 716(s), 748(w), 793(vw), 837(vw), @&Vv), 998(w), 1027(vw), 1072(w),
1102(m), 1243(vw), 1312(w), 1421(m), 1436(m), 14850(1481(m), 1530(br, m) (C(O)NH),
1550(m), 1583(m), 1672(m) and 1685(m) (be@=0), 2922(w), 3054(w), 3286(br, wyNH).
Anal. Calcd for GgzH3sN3O.P,S,: C, 68.88;H, 4.44; N, 5.60. Found: C, 68.77; H, 4.58; N,
5.66%.

General procedure for the synthesis of bis(thioamiels) 4 and 5.

A mixture of the corresponding bis(amide) (0.35 njnamd the Lawesson reagent (162
mg, 0.40 mmol) in chlorobenzene (15 mL) was reftukar 5 h @) or 9 h §). After cooling to
room temperature, the reaction mixture was dilutgtth chloroform and sequentially washed
with saturated ag. NaHGO2x50 mL) and water (50 mL). The organic layer vgaparated,
dried over anhydrous N8O, and evaporated to dryness. In the case of contbdurihe
resulting residue was purified by column chromaapdyy (eluent: acetone—hexane (1:2)) to give
the target bis(thioamide) as a yellow crystallioéids In the case of compouri] the resulting
residue was recrystallized from EtOAc—hexane amh thurified by column chromatography
(eluent: CHCI,) to give the target bis(thioamide) as an orangstaline solid.

N,N'-bis[3-(diphenylthiophosphoryl)phenyllbenzene-1,3dicarbothioamide, 4.

T
thPi\S SZIPth

Yield: 188 mg (69%). Mp: >172 °C (dec}}P{*H} NMR (202.47 MHz, CDC}, 258 K):&
43.09 ppm.*H NMR (500.13 MHz, CDG, 258 K): & 7.35-7.38 (m, 3H, H(C4) + H(C11) +
H(C11'), 7.40-7.45 (m, 10Hn-H in P(S)Ph + H(C10) + H(C10"), 7.49-7.53 (m, 4fkH in
P(S)Ph), 7.64—7.68 (m, 8Hp-H in P(S)Ph), 7.86 (d, 2H, H(C12)3Jun = 7.8 Hz), 7.98 (s, 1H,
H(C1)), 7.99 (d, 2H, H(C3) + H(C5}Jun = 7.3 Hz), 8.05 (d, 2H, H(C8) + H(C83Jp = 14.2
Hz), 10.14 (br s, 2H, NH) ppm®*C{*H} NMR (125.76 MHz, CDC}, 258 K): 8 123.66 (s, C4),
127.24 (s, C12 + C12'), 127.77 (d, C8 + C&p = 12.5 Hz), 128.86 (dn-C in P(S)Ph, 3Jcp =
12.6 Hz), 129.05 (s, C1), 129.38 (d, C11 + CiLp = 13.2 Hz), 130.20 (d, C10 + C18cp =
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10.7 Hz), 131.37 (dpso-C in P(S)Ph, *Jcp = 85.9 Hz), 131.51 (s, C3 + C5), 132.111¢d; in
P(S)Ph, *Jcp = 3.0 Hz), 132.25 (h-C in P(S)Ph, 2Jcp = 11.0 Hz), 133.08 (d, C9 + C&lcp =
85.4 Hz), 139.01 (d, C7 + C?Jep = 15.2 Hz), 141.80 (s, C2 + C6), 197.33 (s, CI8npIR
(KBr, vicm™): 514(m), 614(w), 639(m)vP=S), 692(s), 715(s), 749(w), 798(vw), 921(vw),
998(w), 1027(vw), 1103(s), 1185(w), 1308(w), 1344(m), 1413(m), 1436(s), 1479(m),
1517(br, m), 1585(m), 2924(w), 3053(w), 3234 (br,(mH). Anal. Calcd for G4H34sN-P,S,: C,
67.67;H, 4.39; N, 3.59. Found: C, 67.45; H, 4.77; N, 3.41%
N,N'-bis[3-(diphenylthiophosphoryl)phenyl]pyridine-2,6-dicarbothioamide, 5.
3 X5

11 PN 1

PhoPx PP

Yield: 238 mg (87%). Mp: 277-280 °C (dec*}P{*H} NMR (161.98 MHz, CDCJ): &
43.04 ppmH NMR (500.13 MHz, CDG): & 7.44-7.48 (m, 8HmM-H in P(S)Ph), 7.51-7.54
(m, 4H,p-H in P(S)Ph), 7.59 (dt, 2H, H(C11) + H(C11'§J4n = 7.8 Hz,*Jue = 3.6 Hz), 7.66
(dd, 2H, H(C10) + HC(10"YJup = 12.5 Hz 23y = 7.8 Hz), 7.77 (dd, 8Hy-H in P(S)Ph, 3Jup =
13.4 Hz,%Juy = 7.8 Hz), 8.03 (t, 1H, H(C4Juy = 7.9 Hz), 8.17-8.19 (m, 2H, H(C12) +
H(C12), 8.45 (d, 2H, H(C8) + H(C8YJ.p = 14.3 Hz), 8.88 (d, 2H, H(C3) + H(CS)ln = 7.9
Hz), 11.29 (br s, 2H, NH) ppm*C{*H} NMR (125.76 MHz, CDC)): § 126.44 (d, C12 + C12,
“Jep = 2.8 Hz), 127.25 (d, C8 + C&Jcp = 12.6 Hz), 127.91 (s, C3 + C5), 128.68 i@ in
P(S)Ph, %Jcp = 12.6 Hz), 129.52 (d, C11 + C13)p = 13.3 Hz), 130.48 (d, C10 + C18)cp =
10.1 Hz), 131.80 (dp-C in P(S)Ph, “Jcp = 3.1 Hz), 132.30 (h-C in P(S)Ph, 2Jcp = 10.7 Hz),
132.34 (djpso-C in P(S)Ph “Jcp = 85.8 Hz), 134.15 (d, C9 + C9cp = 84.5 Hz), 138.53 (d,
C7 + C7'3Jcp =15.3 Hz), 138.73 (s, C4), 149.71 (s, C2 + C68.58 (s, C=S) ppm. IR (KBr,
viem™): 515(s), 561(w), 584(w), 615(m), 637(s)PES), 693(s), 717(s), 733(m), 750(m),
771(vw), 790(w), 823(vw), 873(vw), 904(vw), 998(vD)028(vw), 1077(m), 1104(s), 1158(vw),
1187(w), 1309(m), 1364(m), 1417(m), 1437(s), 1478(mh526(m), 1542(m), 1584(m),
2924(vw), 3053(w), 3074(vw), 3258(myNH). Anal. Calcd for GsH33N3P.Ss: C, 66.05; H,
4.25: N, 5.37. Found: C, 65.91; H, 4.28: N, 5.41%.

Binuclear complex 6 [14].
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A solution of PAGI(NCPh) (29 mg, 0.076 mmol) in Ci€l, (3 mL) was added dropwise
to a solution of ligand (30 mg, 0.038 mmol) in Ci€l, (4 mL). The resulting mixture was left
under ambient conditions for 5 days. During thiedj a yellow precipitate that was formed
immediately after mixing of the reagents gradudilssolved and regenerated in a small amount
of unidentified brown crystals, which were filtereff. The filtrate was evaporated to dryness.
The resulting residue was rinsed withy@&t collected by filtration and dried macuoto give
complex6 as a pale-yellow crystalline solid. Yield: 31 m$%). Mp: >210 °C (dec.). IR (KBr,
viem™): 481(w), 517(s), 569(vw), 611(m), 627(MPES), 690(s), 708(s), 718(m), 747(m),
794(w), 998(w), 1026(vw), 1104(s), 1186(m), 1224 \we280(vw), 1310(vw), 1334(vw),
1382(w), 1406(w), 1437(s), 1481(w), 1527(vw), 1588(m), 2928(w), 3053(m), 3148(br, w)
and 3220(br, w) (botlNH). Anal. Calcd for G4H3.CIL.NP.PAS,: C, 49.73;H, 3.04; N, 2.64.
Found: C, 49.49; H, 3.09; N, 2.71%.

Mononuclear complex 7.

+

cl
thp\\s e PPh,

A solution of PAGINCPh) (14 mg, 0.036 mmol) in Ci€l, (2 mL) was added dropwise
to a solution of ligand (28 mg, 0.036 mmol) in Cil, (3 mL). The resulting red solution was
left under ambient conditions for 1 day, parti@laporated to initiate precipitation of the target
product, and left for another 4 days. The predeitzbtained was collected by filtration, rinsed
with Et,O and dried invacuoto give complex7 as a dark-red crystalline solid. Yield: 25 mg
(73%). Mp: >200 °C (dec.). IR (KBg/cm™): 515(m), 597(vw), 614(w), 640(myR=S), 692(s),
716(s), 749(w), 810(vw), 974(vw), 998(w), 1038(vi)102(s), 1182(vw), 1214(w), 1276(w),
1308(w), 1424(sh, m), 1436(s), 1468(sh, m), 1479@s38(br, s), 2923(vw), 3053(w), 3200(br,
vw) (vNH). Anal. Calcd for GsH33CloNsP.PdS: C, 53.84;H, 3.47; N, 4.38. Found: C, 53.65; H,
3.62; N, 4.60%.

4.3. X-ray diffraction

Crystals of comple (C172H12N12PsPhSi6 - 3.25(GH9NO) - CHCE, M = 3986.69) are
triclinic, space group P-1: a = 16.2564(16), b 2184(18), ¢ = 34.197(4) A& = 80.008(2)p =
83.310(2)y = 64.148(2), V = 8965.6(16) & Z = 2, dac= 1.477 gcr®, u(MoKa) = 7.57cm™,
F(000) = 4067. Intensities of 139667 reflectiongewmeasured at 120 K with a Bruker APEX2
DUO CCD diffractometer Y(MoKa) = 0.71072A,e-scans, 8<56°], and 43288 independent

reflections [Ry = 0.1457] were used for further refinement. Theittire was solved by the
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direct method and refined by the full-matrix leagtsares technique againétifr the anisotropic-
isotropic approximation. The positions of hydrogeéoms were calculated, and they were refined
in the isotropic approximation within the riding de. Note that the obtained crystals of
complex 8 contained solvatéN-methyl-2-pyrrolidone molecules most of which hadrtial
occupancy or were disordered or even both. Howewxar attempts to model this disorder did
not improve the quality of the structural model.r Rbe best one obtained, the refinement
converged to wR2 = 0.1896 and GOF = 0.997 forhedlihndependent reflections (R1 = 0.0682
was calculated against F for 22835 observed r&flestwith 1>20(1)). All calculations were
performed using SHELXTL PLUS 5.0. CCDC 1882961 eorg the supplementary
crystallographic information for this paper [15].

Acknowledgements

This work was supported by the Grant of the Predgidéthe Russian Federation for young
scientists, project no. MK-238.2017.3, and Russ$iaaondation for Basic Research, project no.
16-03-00915.

The NMR and X-ray experiments were carried out gidime equipment of Center for
Molecular Composition Studies of INEOS RAS.

Appendix A. Supplementary data
NMR spectra of ligané;
NMR monitoring of the reaction of ligartlwith PACL(NCPh);
NMR spectra of compleg;

Cif file of complex8

References

[1] (a) Pincer Compounds: Chemistry and Applicatioksl.: D. Morales-Morales, Elsevier:
Amsterdam,2018 DOI: 10.1016/C2016-0-02374-4; (Bhe Privileged Pincer—Metal Platform:
Coordination Chemistry and Applicatigng&ds.: G. van Koten, R. A. Gossage, Topics in
Organometallic Chemistry, Springer: Cha2@©16 Vol. 54 DOI: 10.1007/978-3-319-22927-0;
(b) Pincer and Pincer-Type Complexes: Applications ngadic Synthesis and Catalysisds.:

K. Szabo, O. F. Wendt, Wiley—VCH: Weinhei2014 (c) Organometallic Pincer Chemistry
Eds.: G. van Koten, D. Milstein, Topics in Organdatiec Chemistry, Springer: Berlin,
Heidelberg,2013 Vol. 40 DOI: 10.1007/978-3-642-31081-2; (@he Chemistry of Pincer



14

Compounds Eds.: D. Morales-Morales, C. M. Jensen, Elseviémsterdam,2007 DOI:
10.1016/B978-0-444-53138-4.X5001-6.

[2] (&) M. A. W. Lawrence, K.-A. Green, P. N. Nelson,CS Lorraine,Polyhedron 2018 143
11-27 DOI: 10.1016/j.poly.2017.08.017; (b) M. Asdy, Morales-MoralesDalton Trans,
2015 44, 17432-17447 DOI: 10.1039/c5dt02295a; (c) G. vanteK, J. Organomet. Chem.
2013 730, 156-164 DOI: 10.1016/j.jorganchem.2012.12.03%; JeL. Niu, X.-Q. Hao, J.-F.
Gong, M.-P. Songpalton Trans, 2011, 40, 5135-5150 DOI: 10.1039/c0dt01439g; (e) N.
Selander, K. J. Szab&hem. Rey.2011 111, 2048-2076 DOI: 10.1021/cr1002112; (f) M.
Albrecht, Chem. Rey.201Q 110, 576-623 DOI: 10.1021/cr900279a; (g) |. Moreno, R.
SanMartin, B. Inés, M. T. Herrero, E. Domingu€xyr. Org. Chem 2009 13, 878-895 DOI:
10.2174/138527209788452144; (h) J. Dupont, C. 8s@ui, J. Spence€hem. Rey2005 105,
2527-2571 DOI: 10.1021/cr030681r; (i) D. Moralestigles,Rev. Soc. Quim. MéxX004 48,
338-346; (j) J. T. SingletonTetrahedron 2003 59, 1837-1857 DOI: 10.1016/S0040-
4020(02)01511-9; (k) M. E. van der Boom, D. MilsteChem. Rey.2003 103 1759-1792
DOI: 10.1021/cr960118r; (I) M. Albrecht, G. van Ieat Angew. Chem.Int. Ed, 2001, 40,
3750-3781 DOI: 10.1002/1521-3773(20011015)40:2003ATD-ANIE3750>3.0.CO;2-6.

[3] () J. R. Gardinier, J. S. Hewage, B. BennettWang, S. V. LindemarQrganometallics
2018 37, 989-1000 DOI: 10.1021/acs.organomet.8b00013H(b%esolis, C. K.-M. Chan, G.
Gontard, H. L.-K. Fu, V. W.-W. Yam, H. Amou@rganometallics2017, 36, 4794-4801 DOI:
10.1021/acs.organomet.7b00680; (c) S. D. Ohmurioriuchi, T. Hirao,J. Inorg. Organomet.
Polym Mater, 2013 23, 251-255 DOI: 10.1007/s10904-012-9733-5; (d) DHErbert, O. V.
Ozerov,Organometallics 2011, 30, 6641-6654 DOI: 10.1021/om2008056; (e) R. Cengnie
Tiburcio, H. Torrens]norg. Chim. Acta2011, 376, 525-530, DOI: 10.1016/j.ica.2011.07.019;
(f) D. L. M. Suess, J. C. PeteGhem. Commun201Q 46, 6554—6556 DOI: 10.1039/c003163a;
(g) M. Gagliardo, C. H. M. Amijs, M. Lutz, A. L. &, R. W. A. Havenith, F. Hartl, G. P. M.
van Klink, G. van Kotenlnorg. Chem.2007, 46, 11133-11144 DOI: 10.1021/ic701501q; (h) O.
K. Kwak, J. J. Kim, K. S. Min, J. Kim, B. G. Kininorg. Chem. Commun2007, 10, 811-814
DOI: 10.1016/j.inoche.2007.04.012; (i) W. C. Youmt, M. Loveless, S. L. CraigAngew.
Chem, Int. Ed, 2005 44, 2746-2748 DOI: 10.1002/anie.200500026; (j) Md.Hassain, S.
Lucarini, D. Powell, K. Bowman-Jamesihorg. Chem, 2004 43 7275-7277 DOI.
10.1021/ic0489645; (k) T. Tsubomura, T. Tanihata,Ymakawa, R. Ohmi, T. Tamane, A.
Higuchi, A. Katoh, K. SakaiQrganometallics2001, 20, 3833—-3835 DOI: 10.1021/o0m0103862;
() R. Giménez, T. M. Swager). Mol Catal. A: Chem. 2001 166, 265-273 DOI:
10.1016/S1381-1169(00)00420-9; (m) J.-P. Sutter MD.Grove, M. Beley, J.-P. Collin, N.



15

Veldman, A. L. Spek, J.-P. Sauvage, G. van Kofemgew. Chem.Int. Ed, 1994 33, 1282-
1285 DOI: 10.1002/anie.199412821; (n) S. ChattopaghC. Sinha, S. B. Choudhury, A.
ChakravortyJ. Organomet. Chenl992 427, 111-123 DOI: 10.1016/0022-328X(92)83210-9.
[4] (@) D. V. Aleksanyan, V. A. KozlovJop. Organomet. Chem2016 54, 209-238 DOI:
10.1007/3418 2015 _115; (b) I. L. Odinets, D. V.&anyan, V. A. KozlovLett. Org. Chem.
201Q 7, 583-595 DOI: 10.2174/157017810793811731; (c) Nzalles, P. Le Floch, infhe
Chemistry of Pincer Compoundsds.: D. Morales-Morales, C. M. Jensen, ElsevAensterdam,
2007 ch. 11, pp. 235-271 DOI: 10.1016/B978-0444531/38@12-X.

[5] D. V. Aleksanyan, Z. S. Klemenkova, A. A. Vaail, A. Ya. Gorenberg, Yu. V. Nelyubina,
V. A. Kozlov, Dalton Trans, 2015 44, 3216-3226 DOI: 10.1039/c4dt03477e.

[6] V. A. Kozlov, D. V. Aleksanyan, Yu. V. Nelyubin&. A. Lyssenko, E. I. Gutsul, L. N.
Puntus, A. A. Vasil'ev, P. V. Petrovskii, I. L. @éts,Organometallics2008 27, 4062—-4070
DOI: 10.1021/0m8002762.

[7] (@) Y. Komiyama, J. Kuwabara, T. Kanba@rganometallics 2014 33, 885-891 DOI:
10.1021/0m400969p; (b) Q.-Q. Wang, R. A. Begum,W.. Day, K. Bowman-Jamesnorg.
Chem, 2012 51, 760-762 DOI: 10.1021/ic202087u; (¢) J. Liu, H. Wang, H. Zhang, X. Wu, H.
Zhang, Y. Deng, Z. Yang, A. Lei,Chem. Eur. J. 2009 15 4437-4445 DOI:
10.1002/chem.200802238; (d) H. Wang, J. Liu, Y. @eh. Min, G. Yu, X. Wu, Z. Yang, A.
Lei, Chem. Eur. J 2009 15, 1499-1507 DOI: 10.1002/chem.200801860; (e) RBégum, D.
Powell, K. Bowman-Jamegjorg. Chem 2006 45, 964—-966 DOI: 10.1021/ic051775h.

[8] (&) T. Teratani, T.-a. Koizumi, T. Yamamoto, Ranaka, T. Kanbardalton Trans, 2011,
40, 8879-8886 DOI: 10.1039/c0dt01283a; (b) T. Teiatdrra. Koizumi, T. Yamamoto, T.
KanbaraJnorg. Chem. Commu2011, 14, 836—-838 DOI: 10.1016/j.inoche.2011.03.001; (c) K.
Okamoto, T. Yamamoto, M. Akita, A. Wada, T. Kanhataganometallics 2009 28, 3307—
3310 DOI: 10.1021/0m800894;.

[9] K. Okamoto, J. Kuwabara, T. Kanbada,Organomet. Chem2011 696, 1305-1309 DOI:
10.1016/j.jorganchem.2010.11.028.

[10] T. Alpers, T. W. T. Muesmann, O. Temme, J. §loffers,Eur. J. Org. Chem2017, 609—
617 DOI: 10.1002/ejoc.201601298.

[11] Y.-Y. Zhu,C. Cui, N. Li, B.-W. Wang, Z.-M. Wang, S. Gagur. J. Inorg. Chem.2013
3101-3111 DOI: 10.1002/ejic.201300107.

[12] L. J. Bellamy;The Infrared Spectra of Complex MolecuMéley: New York,1975

[13] G. P. Schiemenz, K. R6hIRhosphorus Relat. Group V Eleh971 1, 187-190.



16

[14] For the NMR spectra of compléxin (CDs),SO registered in 5 min after dissolution, see
Figs. S14 and S15 in SD.

[15] G. M. SheldrickActa Crystallogr, Sect. A: Found. Crystallogr2008 64, 112-122 DOI:
10.1107/S0108767307043930.



mThiophosphorylaniline is used as akey precursor for new ditopic pincer ligands

Two pincer unitsin the resulting ligands are bridged by (hetero)aromatic spacers

The ligands obtained undergo site-selective cyclopalladation depending on the spacer

Dinculear SC,S and mononuclear SN,S-complexes are readily obtained in high yields

Pyridine-based SN,S-complex spontaneously converts to atetrameric sulfide cluster



