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Abstract:

A series of organometallic octupolar 1,3,5-subs&de?,4,6-styryl-benzene complexes
was synthesized by post-modification of parent [[MNCN-CHO-4)], i.e.1,3,5-tri-R-
2,4,6-tris[(4-(PtCl)(3,5-bis[(dimethylamino)methstyryl)Jbenzene (NCN =
[CsH2(CH2NMe,),-2,6] in which R = OMe, H, BrX=3). Their synthesis involved a
triple Horner-Wadsworth-Emmons reaction of [PtCINKCHO-4)] with the
appropriate tris[(diethoxyphosphoryl)Jmethyl]beneerderivative. The ***Pt{*H}
NMR chemical shift reflects the electronic propestiof ther-system to which it is
connected. The UV/Vis bands of the octupolar platincomplexes are only slightly
red-shifted (by 5 — 12 nm) with respect to thosecafresponding stilbenoid Pt-Cl
pincer compounds (i.e., the separate branchesyestigg that there is only a limited
electronic interaction between these branchesfllibeescence Stokes shift, quantum
yields and lifetimes ofl-3 also are of the same order of magnitude as thbse o
stilbenoid Pt-Cl pincer compounds, indicating thatdipolar excited state is formed,
which is localized on one of the three branchese Tlyper-Rayleigh scattering
technique revealed hyperpolarizabilifss of 430, 870 and 188 10 esu forl, 2
and3, respectively, which are among the highest fanditecon metal complexes. The
highest value was found for the compound lackirdpaor or acceptor group at the
central core, lending support to the idea thatetispn overwhelms charge transfer in

determining the magnitude of the first hyperpolaliity in octupolar compounds.



Introduction

The development of new optical materials containorganometallic groupings
attracts a great deal of attention in materialeaesh.Materials with notable non-
linear optical propertié? or light-emitting diode properti&& have been discovered,
comprising molecules in which one or several orgaetallic fragments are
connected to a conjugated system. The observedabpiid photophysical properties
of these materials often rely also on the presafiagdectron donor and/or acceptor
groups. Depending on the nature of these lattargyings and the conjugated system,
the electronic properties and/or the nonlinearogpt{NLO) properties can be fine-
tuned?*°

Guerchais et al. reported an example of electrfinectuning for cyclometalated 'Pt
complexes, containing a 4-styryl-2-phenylpyridingahd, with different substituents
on the styryl grouf.In a similar study we reported on 4,4"-disubstitListilbenoid
NCN-pincer Pt complexes [PtCI(NCN-R-4)] (NCN-R-4 = [8,(CH,NMe,),-2,6-R-
4]" in which R = GH.,CgH4-R'-4', with R' = NMg, OMe, SiMeg H, I, CN, NQ), see
Figure 1™ For these systems a linear correlation was fowstdiden the Hammett
substituent constart, of R', and thed***®Pt NMR chemical shifts of the metal center,
pointing to a substantial electronic interactiorthod para positioned substituents and
the NCN-P! fragment. Photoinduced charge separation, in wiietPt functionality
functions as an electron donor, was shown to oddug.nature of the donor-acceptor
interaction, i.e. in terms of separate inductive amesomeric contributions, between
the para-substituent and the NCN-Pragment could be further studied in a series of
organometallic  4,4’-substituted benzylidene anilineomplexes 4-CIPt-3,5-
(CH,NMe,),C;H,CH=NCH,R-4’, with R’ = NMe,, Me, H, Cl, CN, see Figure'f.

NMe,
H
/ Pt—Cl
_— |
NMe,
X=CHorN

Figure 1. Stilbenes (X=CH) and benzylideneanili®sN) used for studying donor-

acceptor communication betwepsra-R substituents and the Pt-Cl fragmé&nt’



Linear correlations were found between the azomethH, the **Pt NMR and
various™®*C NMR chemical shifts, and the substituent pararseteandcy of R’ at
the aniline site. The dual substituent parameeatinent of the azomethind NMR
shift gave important insight into the unique belaviof the Pt-pincer group as a
substituent. Inductively, it is a very strong eteotwithdrawing group, whereas

mesomerically it behaves like a very strong electionating group?

Within non-linear optics research, octupolar comqmsurepresent an interesting class
of materials**® In general, compounds consisting of a multi-brasclkonjugated

backbone with three-fold (approximatesyp symmetry have been subject of
investigation'® These compounds consist of a central core withegielectron

donating or accepting characteristics to which éhreconjugated branches are
connected, which often also contain electron aaegpir donating substituents. The
relation between the NLO-characteristics and thergdh transfer pattern is, however,
not immediately obviou Organometallic and coordination compounds have als

been explored as octupolar NLO matertgis:

Building on our success with the 4,4'-disubstituséitbenoid and benzylideneaniline
bridged pincer Pt-complexes, we were interestetb aghether octupolar NLO-active
compounds could be developed from these pincer camgs. Hence, in this study we
report the synthesis and optoelectronic propertésdonor/acceptor substituted
octupolar stilbenoid NCN-pincer platinum complexds3,5-tri-R-2,4,6-tris[(4-
(PtCI)(3,5-bis[(dimethylamino)methyl]styryl)]benzen(R = OMe, H, Br) 1-3)
(Figure 2).
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Figure 2. Donor-acceptor star shaped stilbenoid pincers

These molecules contain a central aromatic ringytiech three styryl NCN-pincer
platinum fragments are connected on theta positions. The central aromatic ring
will be used to tune the electronic properties g introduction of substituents R.
The complexes are fully characterized using NMR, Hrgh resolution mass
spectroscopy, and with elemental analysis. Furtbeznthe electronic, physical, and
optical properties of these compounds are studsdguNMR, UV/Vis, emission

spectroscopy and hyper-Rayleigh scattering (HRS).
Results and discussion

Synthesis In our (post-modification) strategy to synthesitee organometallic
octupolar moleculed-3, we used the Horner-Wadsworth-Emmons protocol (see
Scheme 2% In this reaction a benzylphosphonate ester is leduywith an aromatic
aldehyde, in the presence of a strong baBei(dK). After hydrolysis, the two
fragments are connected via a carbon-carbon ddadsid, with a predominarnitans
configuration. The Horner-Wadsworth-Emmons protogak used in the previously
reported synthesis of the 4,4'-substituted stileMNCN pincer Pt(Il) complexes, and
showed to be compatible for the organometallic gimgatinum fragment: To afford

a series of electronically different octupolar coexes, first the diethyl
benzylphosphonate ester precurs®esc had to be synthesized. This was done
according to reported procedures (Scheme 1). Tierszyl bromide8a (R = OMe)
was synthesized via bromomethylation of the aramatig of the commercially
available 1,3,5-trimethoxybenzedaising formaldehyde and a mixture of HBr/acetic

acid (reaction).'®%24
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Scheme 1Synthetic route towards diethyl benzylphosphoeaterQa—c.

Reagents and conditions: i: (CHO),, 33% HBr/AcOH, 80C; ii: a) MeOH, HSQ,,
reflux; b) LiAIH,4, THF, reflux;iii: 33% HBr/AcOH, rtjiv: Br,, FeCj (cat.), GH4Cl,,
reflux; v. NBS, BPO, CCj, reflux;vi: P(OEt}, 110°C.

Benzyl bromide8b (R = H) was obtained via a multistep reaction prhge starting
with 1,3,5-benzenetricarboxylic ackwhich was converted into tris-benzylalcolol
(i1), which was subsequently converted 8o with a mixture of HBr/acetic acid
(iii).?** Tribromomesitylene7 was obtained via an aromatic bromination of
mesitylene with brominei\).?° In the next stepvf 7 was converted into benzyl
bromide 8c by a radical bromination of the mesityl groups ngsi N-
bromosuccinimidé’ Finally the benzyl bromideSa—c were converted into the
benzylphosphonate este@a—c, according a Michaelis-Arbusov reaction with
triethylphosphite\§de infra).*>2% 28

As described above, in order to synthesize the nongetallic octupoles, metallo-
aldehyde [PtCI(NCN-CHO-4)] 10) was coupled with the corresponding
benzylphosphonate este®s—c. After hydrolysis of the reaction mixture, the eur
trans isomers of the octupolds-3 were isolated in good yields (75-92%), noting that

this reaction involves three coupling reaction®ae central molecule (Scheme 2).
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Scheme 2.

The air stable solidd—3 were fully characterized bH, **c{*H}, ***Pt{*H} NMR
spectroscopy, elemental analysis, and high-resolutiass spectrometry.

NMR spectroscopy.Solutions 0fl-3 in CD,Cl, were studied byH, “*C{*H}, and
19pt{*H} NMR spectroscopy. In thtH NMR spectra resonances for theH{N and
the ArCH;N protons of the CENMe, substituents were observeddat 3.06 ppm and
at 0 = 4.06 ppm, respectively, accompanied with charatic satellites resulting
from platinum couplingJ(H, Pt) Only in 1 and2 this coupling on the CHprotons
could be resolved®§(H, Pt) = 37—-38 Hz). The other platinum couplingéhwthe
protons of the CHand CH groups in these compounds appeared as a broaal aign
the base of the singlet peaks. Furthermore theacteistic resonances of the olefinic
protons were observed &t 6.3—7.5 ppm with large coupling constarit§H, H) =

16 Hz) indicative of drans configuration. Forl (R = OMe) the resonances of these
protons were found at much lower fieldHyans = 7.47/7.18 ppm), compared with the
signals of3 (R = Br), which were found at higher field Hyas = 6.94/6.68 ppm),
showing that these proton chemical shifts are tgteby the nature of the substituent.
Also, in the®*c{*H}, and the'*®Pt{*H} NMR spectra ofl-3 the net electronic effect
exerted by the substituents R on the conjugatetersyss directly reflected in the
positions of the (s (to platinum) carbon atorrﬁ(wcipso = 146 to 148 ppm), and the
platinum NMR chemical shifts of the metal centérPt = —3149 to —3158 ppm)

(Table 1). Going through frorh, which contains three donating OMe groups, towards



3, containing the, primarily, electron withdrawing oups, both resonances shift to
lower field. This effect points to an electronitaraction between the central aromatic
ring and the end bound organometallic fragment;, ekectron density is shifted from
the metal to the central core. For 4,4'-disubstitutstilbenoid Pt-pincers:>Pt
chemical shifts of —3164 and —3158 ppm is foundtlier 4-MeO and H substituents,
respectively! The effect of the substituent on tH&Pt chemical shift in the octupolar

compounds is thus about equally large as in thisesie-Pt pincers.

Table 1 Selected*C{*H} and ***Pt{*"H} NMR data of 1,3,5-tri-R-2,4,6-tris[(4-
(PtCI)(3,5-bis[(dimethylamino)methyl]styryl)]benzen—3
Compound 1(R=0Me) 2(R=H) 3(R=Br)

0 *Cipso{ *H} 146.8 147.3 148.1
O Pt{*H} ™ -3158 —3154 —-3149

[a] 0.024 M solutions in CECl,; oin ppm, [b]NaPtCk as the external reference

UV/Vis spectroscopy. The complexesl-3 are freely soluble in dichloromethane,
whereas they show a limited solubility in less pdalvents like diethyl ether (Table
2). As a result of the restricted solubility thesafption coefficient of the complexes
was only determined in dichloromethane. The absworppectra forl-3 (Figure 3,
Table 2) show a weak band between 251-253 nm atigon from the excitation of
the singlet ground state )Sto a higher excited state (e.go-S3,).>*?* A more
intense lower energy bandS,), is observed in the range of 343-364 nm. The
position of the absorption band is found at thedstwvavelength foB, followed byl
and 2. Given that the Pt-Cl moiety behaves as an eleadmor™ there is no clear
relation with the donor-acceptor character of RtHat case the longest wavelength
would be observed for the electron acceptor Btpfatéd by H and OMe. Fat and2

in all solvents, the absorption maxima are onlghgly red-shifted (by 5 — 12 nm) in
comparison to the transitions in stilbenoid Pt-@icpr compounds with the same R-
group (i.e., the separate brancHds)This suggests that there is only a limited
electronic interaction between these branches.abserption spectra d~3 show no
distinct solvent polarity dependence (Table 2)jdating that the (vertical) electronic
excitation is not accompanied by a substantial ghaim dipole moment. Similar



behavior was observed for three-fold symmetric diptamino-substituted

triphenylbenzené®
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Figure 3. Normalized UV/Vis (left) and emission spectra fitlgof 1-3 in dichloromethane.

Table 2. UV/Vis and fluorescence data b3.18

Solvent Amax (NM) Ag (nm)®! @ m(ns)  k(-10sHT kK, (-10 sHI
1 (R = OMe)
Acetonitrile 353 433 0.010 0.17 5.9 5.8
Dichloromethane 251[22.7] 425 0.008 0.17 4.7 5.8
359 [90.2]
Tetrahydrofuran 361 422 0.006 0.14 4.3 7.1
Ethyl acetate 357 420 0.003 0.15 2.0 6.6
Diethyl ethef®! 358
2(R=H)
Acetonitrile 356 444 0.020 0.19 10.5 5.2
Dichloromethane 253[27.1] 428 0.015 0.16 9.4 6.2
362 [89.5]
Tetrahydrofuran 364 423 0.010 0.15 6.7 6.6
Ethyl acetate 346 420 0.006 0.15 4.0 6.6
Diethyl ethel’
3(R=Br)
Acetonitrile 343 467 0.0012 0.20 0.6 5.0
Dichloromethane 253[29.1] 454 0.015 0.15 10.0 6.6

348 [65.3]



Tetrahydrofuran 354 465 0.0005 0.17 0.3 5.9
Ethyl acetate 348 467 0.0012 0.17 0.7 5.9
Diethyl ethel

[a] Lower energy absorption wavelength (nm) at raemperature in air-saturated solutioas:( 10° M),
absorption coefficient between brackets (n - 1¢ m~* cnm™); [b] Excitation wavelength 370 nm, argon flushed
solutions at room temperatuey 10° M; [c] k. = &y / ; [d] kye = (1 =Py ) 1); [€] restricted solubility; [f]

insoluble.

As reflected by their absorption coefficientof 65-90 - 16 M~ cm™ the absorption
bands of1-3 show intense absorption bands. These values ang &lwo (for 3) to
three times (forl and 2) larger than the value obtained for linear dipoliad'-
substituted stilbenoid pincer platinum compleXesshich is in agreement with the
factor found between the similar organic 4,4'-sititsid stilbene and octupolar

compounds (factor 2. 7.

Emission spectroscopyThe compounds are luminescent, and were therstadeed
for their photophysical properties by determinatajrthe fluorescence maximas(,
guantum yields¢y) and excited state lifetimeg;§. From these data the radiativg) (
and non-radiativek(,) decay constants were calculated.

Emission spectra and excited state lifetimes wemdrded in solvents of different
polarity (Table 2). The emission spectraleB show a broad non-structured emission
band in the range ofy = 420-467 nm, and examples of the emission spdéttra
dichloromethane are depicted in Figure 3. For campge 1 and 2 a small
bathochromic shift of the emission maximum withiacrease in solvent polarity is
observed. The occurrence of this positive solvatmoiism reflects the formation of a
polar or charge separated excited state.3tris behavior was not observed. The
solvatochromism and Stokes’ shifts are, howevet,asolarge as observed for other
threefold symmetric molecules like diphenylamindstituted triphenylbenzerfeand
1,3,5-methoxy-2,4,6-trisstyrylbenzene derivatiVesonfirming that only a limited
extent of charge separation takes place. In viewhefweaker donor and acceptor
used in the present study this does not come apase.

The complexes are only weakly luminescent, showthbylow quantum yields# =
0.0005-0.02), with the lowest values found3oAlthough one would expect that this
may be caused by the heavy-atom effect (which fauttersystem crossing), thke

andk,, data indicate that it is rather the radiative pérthe decay that is slower f8r

10



(with the exception of the data in dichloromethardjernatively, the very lowdy

for 3 may be caused by a fraction of non-emitting coxgsdethat decay too fast to
contribute to the measureag. The observation that radiative rate constants ihe
order of 18 s suggests that fluorescence is responsible foratiiative decay to the
ground state (not phosphorescence). The relaxptimeess is, however, dominated by
the non-radiative decay process which is two oradrsnagnitude larger than the
radiative decay. Presumably the presence of the -RE@N fragment favors non-
radiative decay, which is likely to be caused by lleavy atom effect.

The fluorescence Stokes’ shift, quantum yields Eietimes of 1-3 are of the same
order of magnitude as those of stilbenoid Pt pirm@npounds! and hence their
photophysics are roughly similar. In common withe tramino substituted
triphenylbenzenes, it is thus likely that a dipodcited state is formed, which is
localized on one of the three branches. In theteddtate, energy transfer between

the three branches may océr.

NLO-properties. A general drawback of the application of linearalg molecules
in electro-optic devices is that they must be adyparallel to the applied electric
field to exhibit second-harmonic generation (SHGgveral techniques have been
developed to align these molecules in a parallghitan, opposing the tendency of
dipoles to orient in an antiparallel pattéfrithe problem can be overcome with the
development of octupolar complexes, which have etodipole moment. Therefore,
octupolar materials containing NLO properties ageyvnteresting for the application
in electro-optic device¥' In this study the second-order hyperpolarizabiftyvas
determined for octupolesl-3 using the hyper-Rayleigh scattering (HRS)
technique**® in dichloromethane solution. The obtained datatabelated in Table
3. This table shows the measured val@igs, the only non-zero hyperpolarizability
tensorBox (B = ((21/8) Bure)’, assuminddsn symmetry) and the static (frequency

independent) valuegrg0). The latter ones were obtained by

Birs (0) = Birs(@) (wriax

- 46‘)2)(a)rznax - 602)

max

11



where4rs(0) is the hyperpolarizability at the used laseqgtrencyw, andwnax is the

frequency at the absorption maximum of the NLOv@ctiompound®

Table 3 HRS results of R-trisstilbene pincers. Valuesilesu

complex Brrs B Brs(0)
1(R = OMe) 430(x45)  700(x70) 66(<7)
2(R = H) 870(x105) 1410(x170)  125(x15)
3(R=Brn) 183(19)  300(+30) 36(+4)

[a] solution in CHCI,, laser 800 nm

The largesiB values are found fa2 (R = H). Thefyrs and B Values are as high as
870 and 141810 esu, respectively. However, one should not fotigat resonance
enhancement occurs f@3, as their optical transitions are relatively closehe used
laser wavelength of 800 nm. Correction with the reiaplified two-level modéP
yields the numbers 36-128 10°° esu. Because of the closeness of the second-
harmonic wavelength (400 nm) to the resonance \eaggh of the lowest-energy
absorption (approximately 360 nm in gEl), the resulting statigi0) values are
underestimated. Nevertheless, the resulting vaBidisare of the same order of
magnitude as the highe8t of other transition metal containing NLO-compdeyiz.
metal acetylide and vinylidene complexg0) values up to 40& 10 esu*® and
alkynyl ruthenium dendrimersB(0) values up to 228 10°>° esu)?® They compare
favourably to subphthalocyanines, for whiflks (0) values of 10 - 8& 10° esu)
were reported®” Recently, a very large value of 17800°° esu (static value 1300
x10*° esu was reported for an octupolar bis(porphyripetbium(li) complext*

It is of interest to also compare the data Te8 with those of the stilbenoid pincer
platinum complexe&.For these compoung%0) values were found to range from 46
(R = SiMe) to 216x 10>° esu (R= I; this value was much larger than foratteer
substituents, which might be related to the larg#anwability of the iodine
substituent). The optical nonlinearities for thésdtilbene analogues are thus of
comparable magnitude, the latter compounds haviegadvantage of a vanishing

static dipole moment.

12



In comparison td and3, the S values for compound are noticeably high. Thus, the
highest value is found for the compound lackingoaat or acceptor group at the
central core, which supports the idea that the gghéransfer characteristics are not
decisive in the behavior &; symmetric compound€. The subtle difference in the
absorption characteristics is responsible (Talkdm@ Figure 1, notice the strong red-
shifted shoulder foR), as it has been noticed that "dispersion overmuketharge
transfer in determining the magnitude of the firgperpolarizability" in octupole¥.

A more quantitative analysis of this effect wouljuire the detailed description of
the absorption bands based on band fitting andapipdication of the Thomas-Kuhn
Sum rules, together with more experimental datthefstrong dispersion of the first
hyperpolarizability close to the resonance wavetehgThis would allow a much

finer dispersion analysis than the crude two lenetlel.
Conclusions

The electronic properties of the octupolar platinaomplexes do not differ very
much from those of the separate branches bearmgdime substituents (i.e., the
corresponding stilbenoid Pt-Cl pincer compoundsj)e Effect of the substituent on
the ***Pt NMR chemical shift in the octupolar compoundsitisut as large as in the
stilbene-Pt pincers, while UV/Vis bands of the @diar compounds are only slightly
red-shifted. This indicates that there is onlyraitied electronic interaction between
the individual branches df3. Furthermore, the fluorescence properties (Steskédg
guantum vyields and lifetimes) df-3 also are similar to those of the stilbenoid Pt
pincer compounds. This can be explained by formatib a dipolar excited state,
which is localized on one of the three branchesvéler, energy transfer between the
three branches may occur.

Hyperpolarizabilities5 of the octupolar compounds are however higher thase of
Pt-stilbene compounds. In this respect, the ocarpoiture of the electronic system
really makes a difference; the reported values among the highest for
organometallic compounds. It is furthermore of et that the highest
hyperpolarizability was found for the compound lagka donor or acceptor group at
the central core, which supports the idea thatedgpn rather than charge transfer is

important in the NLO-behaviour &3 symmetric compounds.

13



All in all, it can be concluded that the introdwacti of the NCN-pincer platinum
fragment as a substituent led to the developmentesd organometallic octupolar

systems with attractive NLO properties.

EXPERIMENTAL

General: All reactions involving air- or moisturersitive reagents were performed
by standard Schlenk techniques unless stated adeerivoluene, pentane, THF and
Et,O were distilled from Na/benzophenone, LLH was distilled from Cakl and
triethylamine was distilled from KOH prior to us@&he platinum precursor
[PtCI(NCN-CHO-4)], and thepara-substituted diethyl benzylphosphonat&svere
prepared according to published procedures (sep'téR All other reagents were
obtained commercially and used without further fization. *H and **C{*H} NMR
spectra were recorded at 25 °C on Bruker AC 300 NbtRVarian Inova 300
spectrometers (operating at 300 and 75 MHz, respede), chemical shifts are
depicted in ppm and referenced to residual solveessnances:**Pt{*H} NMR
spectra were recorded on a Varian Inova 300 MHz NdpBctrometer (operating at
64.4 MHz) and referenced to externabReCk (1 M in D;O, 8 = 0 ppm)*®

Elemental analyses were performed by Kolbe, Mikabgisches Laboratorium
(Mulheim, Germany). ES-MS spectra were obtainednfrine Biomolecular Mass
Spectrometry Department of the Utrecht Univerdiityra-red spectra were recorded
with a Perkin Elmer Spectrum one FT-IR spectromei&t spectra were collected on
Cary 1 or Cary 5 spectrophotometers in spectrophetoc grade solvents.
Fluorescence emission spectra were obtained oreaMporolog spectrofluorimeter,
equipped with a Spex 1680 double excitation mormulator, a Spex 1681 emission
monochromator and a Spex 1911F detector. Fluorescgpectra were corrected for
the detector spectral response with the aid of mectbon file provided by the
manufacturer. Fluorescence quantum yields wererrdated relative to 9,10-
diphenylanthracened) = 0.90, excitation wavelength 370 nfi)Solvents used for
fluorescence measurements were of spectrophotangeaie (Acros).

Lifetime measurements were performed by using a Biaant PDL 800-B laser as
the excitation source\{x= 406 nm, 55 ps pulse width, 2.5- 40 MHz repetitiate).
The luminescence was collected through a focuseng, lfiltered through a crossed
polarizer and a combination of suitable optical-afiitfilters, dispersed by a 0.1 m
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monochromator (1350 lines/mm grating, blazed at BO() and detected by a fast
Hamamatsu photo-multiplier tube (PMT) (H5738P-0The PMT signal was
amplified by an inverting preamplifier (PAM-102-T RicoQuant) and used as the
start input for a Time Harp 200 multi-channel comepucard, which was
synchronized with the laser pulg the stop input. The decay curves were obtained
by time correlated single photon counting (TCSRi@)time-to-amplitude conversion
(TAC). The ratio of stop to start pulses was kept (below 0.04) to assure good
statistics. The instrument response function (IR&s measured by using a diluted
suspension of silica particles (LUDOX) as the sgaiy medium and the same
experimental conditions used for the fluorescerasayg measurements. The raw data
was deconvoluted from the IRF and analyzed by ardélscence decay analysis
software (Fluofit 3.3). The instrumental resolutisras 30 ps (10% of the IRF
FWHM).

Accurate hyperpolarizabilitie8 were determined by hyper-Rayleigh scattering &t 80
nm as described elsewhéfendividual samples in dichloromethane were measure
at five different concentrations and different miadion frequencies, in order to
exclude contributions of multiphoton fluorescengent the nonlinear scattering

signal.

General procedure octupolar pincer compounds 1-3:

In a dry Schlenk tube, [PtCI(NCN-CHO-4)1L@ (3 equiv.) and the appropriate
benzylphosphonate est@a— (1 equiv.) were dissolved in dry degassed THF (50—
mL). While stirring,t-BuOK (6 equiv.) was added to the reaction mixtuneder a
nitrogen outflow, which directly caused a strondgocahange from light yellow to
orange of the reaction mixture. After stirring al B8h), the mixture was quenched at
0 °C by the subsequent addition of ice and an aqué@ solution (to prevent
halogen abstraction on the Pt center). The formmedipitate was isolated by filtration
through a glass filter. The residue was dissolvedichloromethane and dried using
MgSQ,, filtered, and evaporated to leave the crude mbdlhe crude product was
purified by precipitation out of a small amountdithloromethane by the addition of

pentane, and isolated after centrifugation.

1,3,5-Tri-OMe-2,4,6-tris[(4-(PtCl)(3,5-bis[(dimethylamino)methyl]styryl)]-
benzene (1): 1,3,5-Trimethoxy-2,4,6-tris[(diethoxyphosphoryl)ing]benzene 9a
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(92 mg, 0.15 mmol)]10 (200 mg, 0.44 mmol). Produdt was isolated as a light-
yellow powder (196 mg, 0.13 mmol, 87%){ NMR (300 MHz, CRCl,): 5= 7.47 (d,
3J(H,H) = 16.7 Hz, 3H;trans CH=CH), 7.18 (d,%J(H,H) = 16.5 Hz, 3H:trans
CH=CH), 7.05 (s, 6H; ArH), 4.06 (§)(H,Pt) = 38.2 Hz, 12H; NC}), 3.70 (s, 9H,
OCH), 3.06 (s3J(H,Pt) = broad, 36H; NCH; **C{*H} NMR (75 MHz, CD;Cl,): 0=
156.6, 146.8 ({pso), 144.4, 134.7, 134.5, 122.4, 117.8, 117.0, 78IGHy), 60.3
(OMe), 54.6 (NCH); **Pt{*H} NMR (64 MHz, CD,Cl,): = —3158 ; IR (ATR)T =
3464, 2981, 2918, 1622, 1585, 1450, 1398, 13340,13270, 1235, 1189, 1141,
1098, 1004, 970, 945, 879, 835, 706, 668 ¢S (ES+; CHCl,) m/z : 1504.40
[M+H]*; elemental analysis calcd (%) foki8sClaNeOsPt (1505.72): C 40.68, H
4.62, N 5.58; found: C 40.76, H 4.65, N 5.43.

1,3,5-tris[(4-(PtCI)(3,5-bis[(dimethylamino)methylktyryl)]benzene (2): 1,3,5-
Tris[(diethoxyphosphoryl)methyllbenze® (66 mg, 0.12 mmol)10 (200 mg, 0.44
mmol). Produc® was isolated as an off-white powder (162 mg, ®riiol, 92%).'H
NMR (300 MHz, CDCL,): d= 7.51 (s, 3H; ArH), 7.13 (FJ(H,H) = 16.7 Hz, 3H;
trans CH=CH), 7.07 (d2J(H,H) = 16.7 Hz, 3Hirans CH=CH), 7.04 (s, 6H; ArH),
4.06 (s,%J(H,Pt) = 37.3 Hz, 12H; NCH, 3.06 (s,°J(H,Pt) = broad, 36H; NCH;
¥3c{*H} NMR (75 MHz, CD.Cl,): J = 147.3 (Gpso), 144.4, 139.1, 133.0, 130.8,
125.6, 123.0, 118.0, 77.9 (NGH54.6 (NCH); ***Pt{*H} NMR (64 MHz, CD,Cl,):
J0=-3154; IR (ATR):¢ = 3456, 3012, 2916, 1625, 157850, 1399, 1337, 1270,
1230, 1179, 1140, 1085, 1014, 958, 870, 839, 788.cé1"; MS (ES+; CHCIlp) m/z:
1415.37 [M+H]; elemental analysis calcd (%) forsd8s:ClsNgPtz (1415.65): C
40.72, H 4.49, N 5.94; found: C 40.88, H 4.43, [R5.

1,3,5-Tri-Br-2,4,6-tris[(4-(PtCI)(3,5-bis[(dimethylamino)methyl]styryl)]benzene

(3): 1,3,5-Tribromo-2,4,6-tris[(diethoxyphosphoryl)mgibenzene9c (90 mg, 0.12
mmol), 10 (166 mg, 0.37 mmol). ProduBtwas isolated as a light-yellow powder 145
mg (0.09 mmol, 75%)H NMR (300 MHz, CDCl,): 5= 7.04 (s, 6H; ArH), 6.94 (d,
3J(H,H) = 16.5 Hz, 3H;trans CH=CH), 6.68 (d,%J(H,H) = 16.5 Hz, 3H:trans
CH=CH), 4.06 (s2J(H,Pt) = broad, 12H; NC}), 3.06 (s,%J(H,Pt) = broad, 36H:;
NCHs); *C{*H} NMR (75 MHz, CD,Cl,): J = 148.1 (Gpso), 144.5, 140.3, 138.2,
131.9, 125.9, 123.6, 118.1, 77.9 (Y, 54.6 (NCH); *Pt{'H} NMR (64 MHz,
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CD,Cly): 0=-3149; IR (ATR)N = 3463, 2980, 2914, 1626, 158849, 1399, 1339,
1295, 1270, 1230, 1086, 1014, 959, 875, 838, 668;dMiS (ES+; CHCl,) m/z :
1653.08 [M+HJ; elemental analysis calcd (%) foud8eBrsClsNgPt (1652.34): C
34.89, H 3.66, N 5.09; found: C 34.75, H 3.76, BK4.
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Highlights

-Efficient, single step post-modification of parent [PtCI(NCN-CHO-4)] with severa 1,3,5-
trig[ (diethoxyphosphoryl)methyl]benzene derivatives leads to the formation of a series of
organometallic octupolar title compounds.

- Thereis only limited electronic interaction between the individual branches of 1-3 pointing
to the formation of a dipolar excited state, which islocalized on one of the three branches.
-Hyperpolarizabilities £ of the octupolar compounds are higher than those of the parent Pt-
stilbene compounds, i.e. the octupolar nature of the electronic system realy makes a
difference

providing S-values that are among the highest for organometallic compounds.



