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Synthesis and Structural Characterization of a Fluorinated
o-Diimine Platinum(ll) Complex
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The preparation of an electron-deficient(N)PtCL complex in which the diimine C is substituted by
CRs is described. Thus, reactions between the diimine liga(®l = CF;, R = 2,6-dimethylphenyl) and
PtCkL (thermal reaction) or KPt@IC,H,) (photochemically activated) furnishes the corresponding (N
N)PtCL complex2. The ligandl and its Pt complexe®, as well as related (NN)PtCL complexes3 (R
= CO,CD3, R = 2,6-dimethylphenyl; a methanolysis product) ahR = H, R = 2,6-dimethylphenyl)
have been characterized by X-ray crystallography.

Introduction significant consequences for the mechanistic features and
inherent reactivities of diiminePt complexes in €H activation
Metal complexes with 1,4-diaza-1,3-butadiene ligarids chemistry’

(N—N = RN=C(R)C(R¥*NR’; R' = alkyl, aryl), which belong There have been a limited number of reports that describe
to the class of-diimine ligands, have inspired considerable the incorporation of R= perfluoroalkyl groups iro-diimines.
research efforts. For example, such complexes have foundDiel et all prepareda-diimines with R= CF;, CsFs, R =
widespread use in efficient olefin polymerization cataf/end SiMe; from perfluorobiacetyl and decafluorobenzil, respectively.
in C—H bond activation reactiorfs.” The interesting photo-  Uneyama and co-workéfs'2 synthesized a variety ofi-di-
chemical and photophysical properties of such compounds haveimines with R= CF;, C3F7, R = 4- and 2,6-substituted phenyl
also been thoroughly investigatédhe substituent R at the ~employing a CO-promoted Pd-catalyzed homocoupling of
imine carbon is most Common|y a hydrogen atom or an a|ky| fluorinated |m|d0y| iodides. An alternative approach was
or aryl group. Theseo-diimines are usually prepared by Presented by Sadighi et &F,starting from an analogous
condensation of primary amines or anilines with 1,2-diones (R fluorinated imidoyl iodide but using Smlas the reductive
= alkyl, aryl) or glyoxal (R= H). The strongz-acceptor ability ~ ceupling reagent (R= CFs, R' = 3,5-(CF),CH3). Finally, Diel
that results from a rather low-lying* LUMO is a characteristic et al. recently descnbed_ the reductwe_ coupling of perfluoroalkyl
feature of then-diimine systems.This property greatly influ- and perfluor_oaryl cyanides with .[QF'CI]Z followed by pro,-
ences the structure and reactivityodiimine metal coordina- tonolysis to liberate the formegkdiimines (R= CFs, CeFs, R

= 14
tion compoundg.Semiempirical calculations have shown that H).

the introduction of R= perfluoroalkyl, perfluoroaryl groups Despite the aforementioned reports afdiimines with
should further lower the LUMO and further enhance the perfluorinated hydrocarbyl groups at the diimine “backbone

. . . positions, the only metal complex of such diimines known to
s-acceptor ability of the ligand¥. This would render the metal date is a species in which a Pd(RRMmoiety is presumed to

center of their complexes more electron deficient, with possibly po - ordinated in an2(C,N) fashion to one imin& This

complex was not isolated and thence not structurally character-
* To whom correspondence should be addressed. E-mail: mats.tilset@ jzed; its structure was proposed solely on the basféfand

kjemi.uio.no. 19 S .
§ Present address: Borregaard Ind. Ltd., P.O.B. 162, N-1701 Sarpsborg, F NMR SPeCt,ra' which indicated nor,]equwalence OT the halves
Norway. of the diimine ligand and two nonequivalent phosphines. Metal
(1) tom Dieck, H.; Svoboda, M.; Greiser, Z. Naturforsch., B1981 chelate complexes of the fluorinated diimines have not yet been
36B 823-832. described
(2) van Koten, G.; Vrieze, KAdv. Organomet. Cheni982 21, 151— S L .
239 In this contribution we present thermal and photochemical
(3) Ittel, S. D.; Johnson, L. K.; Brookhart, MCchem. Re. 200Q 100, pathways to (N-N)PtChL (2; N—N = R'N=C(R)C(Ry=NR’
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3 (R = CO,CD3) that is derived from2, and the related Pt
complex4 (R = H, R = 2,6-Me&CgH3), which is of interest
for comparison of certain structural features foun@iand 3.

Results

1. Preparative Work. Attempts at metalating the-diimine
ligand 1 to furnish2 under thermal conditions with (SM)e-
PtChL and KPtC4(C,Hy4) (Zeise’s salt) in toluene or methanol
were unsuccessful. This is in line with previous observatidns.

Q”@ C%H

CD400C, ?oocog

C%H e

N\ /
cl \CI

v @cﬁ@

At ambient temperature, no reactions were detecteéHogr

Lersch et al.
Scheme 1
> < \@ a), b)orc)
D3C\ /CDS
0 Q
o
7\

uv

o
N
— = N\ 7/
Q \D CD;0D Pt.
Cl” ClI

a) KPtCl3(CoH,4), CD30D, UV light,
then ambient temp in the dark

b) (PhCN),PtCl,, PhCl, 100 °C, 4 days

¢) PtCl,, PhCI, 140 °C, 3 days

alegend: (a) KPtG(CH4), CDsOD, UV light, then ambient
temperature in the dark; (b) (PhGIRYCh, PhCI, 100°C, 4 days; (c)
PtCk, PhCI, 140°C, 3 days.

to be facilitated by UV irradiatiod? It should also be noted
that some metallic Pt is deposited during the reaction, which
also opens the possibility for Pt(0)-mediated Eactivation?l-23

An NMR tube containing equimolar amountsiodnd Zeise’s
salt in methanol, which was exposed to 20 h of irradiation
from the chromatography UV lamp furnish@ds dark crystals
in up to 48% yield, but only after standing in the dark for 15
weeks. We have not attempted a more elaborate study of the

% NMR; prolonged heating decomposed the Pt precursors tophotochemistry of the system with more sophisticated photo-

Pt black. Similarly, attempts at using microwave heating and
medium pressures<(LO bar) failed, producing Pt black within
minutes. In water/methanol mixtures,,®CL and 1 were
soluble but decomposed to Pt black upon heating.

However, in one NMR sample of the ligaridand KPtC}-
(CoHy) in methanole, which had only been moderately heated
so that the starting materials remained mainly intact, dark

chemical equipment.

Zeise's anion quantitatively yields the solvento complex
trans-PtCh(C;H4)(CH3OH) in methanol solutiod? Our results
indicate thatl does not thermally react with this species. On
the basis of the observation thais formed by a photochemical
reaction and not by a thermal reaction from Zeise’s salt, we
speculate that photochemically generatails-PtCh(CH;OH)-

crystals had formed after 6 months. These were indeed shown(L), where L= CHzOH, GH,, may be a crucial intermediate.

to be the desired produtby an X-ray diffraction analysis (vide
infra), and this was the first indication that this product is not

The primitive photochemistry experiments above established
that2 is indeed isolable and stable. In a search for Pt precursors

only accessible but also quite stable. A clue to what might have thermally more robust than Zeise’s salt or (SMBtCh, we

mediated the reaction was provided by the fact that the NMR
sample had been exposed to indirect daylight.

Zeise’s salt, known since 1827, continues to fascinate
chemists!® Its photochemistry has been well studied and differs
significantly from its thermal chemistif:17 Inspired by this,
we were gratified to find that attempts to facilitate the metalation
of 1 with UV light from an 8 W chromatography UV lamp
gave promising results. After 2 weeks of continuous irradiation
of a methanol, solution of1 and Zeise’s salt in an NMR tube,
crystals formed in the solution. However, these were identified
as3 by X-ray crystallography (vide infra) and are likely derived
from 2 by methanolysis of the trifluoromethyl groups (Scheme
1). Characteristid®F peaks appeared and later disappeared in
the®F NMR spectra during the course of the reaction, signaling
the presence of unidentified intermediates. Hydrolysis of tri-
fluoromethyl groups has been describedand is also known

(15) Benedetti, M.; Fanizzi, F. P.; Maresca, L.; Natile, Ghem.
Commun2006 1118-1120.

(16) Natarajan, P.; Adamson, A. \0.. Am. Chem. So4971, 93, 5599~
5605.

(17) Adamson, A. W., Fleischauer, P. D., E@oncepts of Inorganic
PhotochemistryWiley: New York, 1975.

(18) Kimoto, H.; Cohen, L. AJ. Org. Chem1979 44, 2902-2906.

(19) Kobayashi, Y.; Kumadaki, Acc. Chem. Re4.978 11, 197-204.

were intrigued by a report that (PhGIRYChL had been reacted
with unsymmetricabi-diimines in chloroform or toluene at their
reflux temperature®> Accordingly, whenl was stirred with an
equimolar amount of (PhCMPtChL for 3 days at 100°C in
chlorobenzene, ca. 25% conversion to the desired pr@wes
seen. Unfortunately, excess (PhGRIChL could not be separated
from 2. Attempts to remove excess (PhGRICL by reaction
with 2,2-bipyridyl resulted-not too surprisingly-in complete
loss of the ligandl from 2, presumably with the formation of
(2,2-bipyridyl)PtCh.

Interestingly, the direct reaction df with stoichiometric
guantities of PtGHironically, the simplest Pt(Il) source con-
ceivable for this chemistryfor 3 days in chlorobenzene at reflux

(20) Chaignon, P.; Cortial, S.; Guerineau, V.; Adeline, M. T.; Giannotti,
C.; Fan, G.; Ouazzani, £hotochem. PhotobioR005 81, 1539-1543.

(21) Colmenares, F.; Torrens, Bl. Phys. Chem. 2005 109, 10587
10593.

(22) Jasim, N. A.; Perutz, R. N.; Whitwood, A. C.; Braun, T.; lzundu,
J.; Neumann, B.; Rothfeld, S.; Stammler, H.@ganometallic2004 23,
6140-6149.

(23) Hofmann, P.; Unfried, GChem. Ber1992 125 659-661.

(24) Plutino, M. R.; Otto, S.; Roodt, A.; Elding, L.lnorg. Chem1999
38, 1233-1238.

(25) Yang, K.; Lachicotte, R. J.; Eisenberg, Brganometallics1997,

16, 5234-5243.
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Figure 1. F NMR spectrum oR with coupling*Je—r = 4.4 Hz.

complex R 9%t 9)
under an atmosphere of;ave pure? in 11% yield (Scheme 2 CFRs —-1183
1, reaction c). Excess ligand could easily be removed with 3 COOCDy —1559
pentane, and excess Pi@as removed by centrifugation or g (":'H _ﬁgg

5 _

by filtration of a dichloromethane solution of the crude product
through Celite. The unreacted starting materials could be
recovered and resubmitted to the reaction conditions, giving
another crop of product for a combined 19% vyield.

The reactivity of PtCltoward electron-deficiertt came as a
surprise to us, despite previous reports of direct reactions wit
less electron-deficient diimine ligan@sThe diimine ligandl
and the produc2 show a remarkable stability, even after several
days in refluxing chlorobenzene.

2. Spectroscopic CharacterizationComplete spectroscopic
and characterization data for all new compounds in this study
are provided in the Experimental Section. Only some notable
features are highlighted in the following.

2 shows a characteristic quartet from the;Qffoup due to
coupling with fluorine {Jc—r = 285 Hz). No Pt satellites were
observed in thé3C NMR spectrum, possibly due to increased
i chemical shift anisotropy (CSA) at the high field ugéd The
imine C resonance at 161.7 is significantly broadened (half-
height peak width ca. 100 Hz), due to the proximity of spin-
active N, F, and Pt nuclei, but these couplings could not be
resolved.

Since 3 was furnished inftH NMR silent methanot,, the
identity of this complex with itsH NMR unobservable ester
group remained a mystery until the complex was structurally

The fluorinated ligandL displays two broad signals with characterized by X-ray diffra_cti_on. The ester_functionality does,
different intensities for the N-aryl methyl signals in tHe (0 ho‘ivaer' show a characteristic IR absorption/¢t0) 1753
1.54 and 2.08; 1:0.83 intensity ratio) and for thes@Foups in cm-=
the 19F (0 —66.1 and—68.4) NMR spectra. This may be caused ~ The **Pt NMR spectra of the metal complexgs4 and6
by the coexistence oF and Z configurations relative to the ~ Show a clear trend in their chemical shifts, which correlates with
C=N bonds (see Discussion). At elevated temperatures in the electron-withdrawing ability of the R groups at the diimine
tolueneds, the *H NMR spectra ofl underwent gradual and  ligand backbone (Table 1). More electron-withdrawing groups
reversible changes so that the two N-aryl methyl peaks resultin a downfield shift. The colors of the metal complexes
underwent coalescence at ca.°Z0 Conversely, gradual cooling  in dichloromethane; solutions are red-purple(3) and orange-
to —80 °C resulted in sharpening, splitting, and further broaden- "ed @, 6), and these differences are manifested in the-UV
ing of peaks, indicative of the intervention of several unidentified Visible spectra (Figure 2).
dynamic processes. Interestingly, odlyand the related R= 3. Single-Crystal X-ray Crystallography. X-ray-quality
2,64PrCsH3 substituted ligand system have been reported to crystals of the fluorinated liganti, which is an oil at ambient
exhibit such behavior, whereas ligands with=R4-substituted temperature, were obtained by storing the pure compound in a
aryl groups show the expected NMR spectra that indicate simple,freezer at—20 °C. X-ray-quality crystals of and 3 appeared
symmetrical diimines with no discernible intervention of other in the NMR-tube reaction mixtures after 6 months and 2 weeks,
species! With the notable exception df, all other ligands and respectively (see Experimental Section for details). X-ray-quality
metal complexes discussed in the following exhibit the expected crystals of4 were obtained by crystallization from a saturated
C,, symmetry by NMR. dichloromethanek solution. Details of the structure determina-
The Pt complex2 was characterized By, 19, and'3C NMR tions are given in the Experimental Section. Table 2 gives
(the last was assigned by HSQC and HMBC spectsiee the experimental and crystallographic data, selected bond distances
Experimental Section for details) and elemental analysis. The
1% NMR spectrum of2 is quite diagnostic (Figure 1), as the (27) Lallemand, J. Y.; Soulie, J.; Chottard, J.X.Chem. Soc., Chem.

i — in di ibi Commun.198Q 436-438.
singlet for Ck at 6 —60.9 in dichloromethane; exhibits (28) Pregosin. P. Soord. Chem. Re 1982 44, 247-291.

i 19 4 —
coupling to*¥Pt ({Jpi—¢ = 4.4 Hz). The'*C NMR spectrum of (29) Dechter, J. J.; Kowalewski, J. Magn. Resorl984 59, 146-149.
(30) Anklin, C. G.; Pregosin, P. $agn. Reson. Chertt985 23, 671~
(26) Buffin, B. P.; Kundu, A.Inorg. Chem. CommurR003 6, 680— 675.

684. (31) Skvortsov, A. NRuss. J. Gen. Cher200Q 70, 1023-1027.
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Table 2. Crystal Data and Structure Refinement Details for -4
1 2 3 4
formula GoH1gFsN2 CooH18CIoNoFgPt CooH24CILN,O4PE CigH20CIoNLPt - CH,Cl,
formula wt 400.36 666.36 646.42 615.30
cryst syst orthorhombic monoclinic monoclinic orthorhombic
color yellow black black red
space group Pnna P2,/c P2i/n Pnna
alA 17.3068(10) 8.3808(2) 7.1784(12) 16.485(3)
b/A 13.2544(8) 12.9274(2) 18.192(3) 18.169(4)
c/A 8.1088(5) 19.9372(4) 18.014(3) 7.1720(14)
o/deg 90 90 90 90
Bldeg 90 100.8220(10) 93.953(3) 90
yldeg 90 90 90 90
VIA3 1860.09(19) 2121.62(7) 2346.8(7) 2148.1(7)
Zz 4 4 4 4
T/IK 105 105 105 105
F(000) 824 1272 1256 1184
radiation 0.710 73 0.71073 0.71073 0.71073
6 range/deg 2.3528.29 1.89-40.34 1.59-28.35 2.24-28.31
no. of rflns measd 15 957 36 018 22 632 19739
no. of unique rfins 2252 13009 5650 2716
no. of data/restraints/params 1262/0/127 9914/0/280 4679/0/280 2208/0/124
goodness of fitF 1.1102 1.0891 1.0230 1.0897

R1,wR2 ( > 30(l))
R1,wR2 (all data)
min, max diff peak/e A3

0.0434,0.0478
0.0684, 0.0736

—0.23,0.20

0.0229, 0.0264
0.0332, 0.0395
—1.54,3.26

0.0189, 0.0132
0.0239, 0.0138

—1.40,0.89

0.0152,0.0174
0.0200, 0.0224
—0.66, 1.12

Table 3. Selected Bond Lengths with Esd’s (A) and Angles (deg) from Crystal Structures of-14

1 2 3 4
Pt-N 1.9962(14)/1.9926(14) 2.0047(13)/1.9984(11) 2.0055(18)
Pt-Cl 2.2767(4)/2.2745(4) 2.2784(5)/2.2832(5) 2.2951(6)
N=Cinine 1.260(3) 1.307(2)/1.303(2) 1.303(2)/1.298(2) 1.292(3)
N—Cipso 1.421(3) 1.449(2)/1.454(2) 1.453(2)/1.454(2) 1.452(3)
Cimine™— Cimine 1.521(4) 1.469(2) 1.461(2) 1.456(4)
Pt—=N=Cinine 115.9/116.3 115.8/116.1 1151
Pt=N—Cipso 121.6/121.2 121.9/124.2 125.8
N—PtN 79.2 78.9 79.2
N—Pt—-ClI 96.3/95.8 96.1/95.8 94.6
Cl—-Pt—ClI 88.67 89.2 91.6
N=Cimine— Cimine=N 54.9 4.7 2.8 0.0
Cimine=N—Cipso— Corthd® 61.5 83.9/81.8 87.9/86.5 88.4

aTorsion angle between mean planes @fife=N—Cisso and the aryl group.

and angles for compounds-4 are given in Table 3, and Figure
3 gives ORTEP drawings of the structures.

Discussion

1. Structural Properties. When the crystal structure dfis
compared with the published structéfef the analogue that is
substituted with Chirather than Ckat the imine C’'s %), several
features are particularly noteworthy. What first strikes the eye
is that, whereas the structure fis folded (Figure 3), the
previously reported structure 6fis not (both are schematically

nomenclature priorities of the GHnd Ck groups). Structural
features similar to those dfhave been seen for related diimines
such as ArN=C(CR;)C(CR)=NAr (Ar = 4-CICgH4t 3,5-
(CRs)2CeH313) and ArN=C(Ph)C(PHENAr (Ar = 4-MeGH4%).
In solution, the observation of two setsf and!% signals of
unequal intensities suggests that at least two species with
different E/Z configurations coexist in solution at ambient
temperature (see also the description of even more complex low-
temperature spectra in the Results).

Despite ther-stacking andE configuration, Sadighi et al.
argue that the geometry of these diimines does not preclude

depicted in Chart 1). The methyl groups at the diimine backbone metalation to give«?(N,N) diimine complexesfor example,

of 5 are perfectly anti oriented with respect to the centralCC
bond, as demonstrated by the 180-C—C—N dihedral angle.
The aryl and methyl groups at each imine moietybiare cis
disposed relative to the=EN bonds E configuration). On the
other hand, inl—with the somewhat larger GFyroups at the
backbone-the structure is folded, resulting in what more closely

N,N'-diphenyl-9,10-phenanthrenequinonediimine is readily met-
alated by (PhCNJPdC), despite the fact that the free ligand
has the “wrong geometry*® The observed problems of meta-
lating ligands with R= CF; was rather attributed to the inductive
effect of the Ck group, which renders the imine N lone pair
poorly nucleophilic. This could well explain the great reluctance

resembles a syn relationship between the trifluoromethyl groupswith which 2 forms in this work.

at the backbone (NC—C—N dihedral angle of 549. The
folded structure ofl leads to obviousr-stacking between the
two aryl rings, which is facilitated by the fact that the aryl and
CFs groups are trans disposed relative to threNCbonds (but
also here with arE configuration because of the different

(32) Kuhn, N.; Steimann, M.; Walker, E. Kristallogr.: New Cryst.
Struct.2001, 216, 319.

The G=N bonds inl are shorter (by 0.015 A) and the central
C—C bond is longer (by 0.017 A) in the 1,4-diaza-1,3-butadiene
fragment than they are | This is possibly a result of negative
hyperconjugation in1,3435 stabilizing the GN bond. A

(33) Netland, K. A.; Krivokapic, A.; Tilset, M. Manuscript in preparation.
(34) Sleigh, J. H.; Stephens, R.; Tatlow, J. £.Chem. Soc., Chem.
Commun.1979 921-922.
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Figure 3. ORTEP drawings ofi—4. Ellipsoids are given at the 30% probability level fband the 50% level foR—4.

Chart 1 inductive effect of the C§ group therefore appears to be
FsC. CFs counteracted by the improved-acceptor properties of the
ligand. This observation is contrasted by a comparison of
NN HiC N-%;} structural data for TPPtMe; and TPCR:PtMes. Here, a
ﬁ{j >/—/< substantially weaker coordination of the fluorinated Tp ligand
Q_N c is suggested by longer PN bonds and slightly shorter Pt
CHj; bonds?” however, this comparison is less straightforward
to interpret, as the TpPt systems are Pt(IV) complexes.
comparison of the metric data fdrand2 shows that complex- The larger steric bulk of the substituents in the backbones of
ation of the diazabutadiene moiety ofat PtCh leads to a 2 and3 (R = CF;, CO,CD3) compared to that id (R = H) is
lengthening of the &N bonds (by 0.043 and 0.047 A) and a evidenced by the smaller PN—C(ipso) angles i”2 and3. The
shortening of the €C bond (by 0.052 A). These changes are €ffects of sterically demanding substituents in diimiié(11)
qualitatively expected, since Pt(ll) acts as a good electron donorcomplexes for ethene/acrylonitrile copolymerization has recently
toward the ligandz system; the ligand LUMO is €N been studied by Ziegler and co-workers by DFT meth§ds.
antibonding and €C bonding and is particularly prone to  Substituents such as R CF;, t-Bu led to reduced monomer
accept electron density due to the lowering of the LUMO level complexation energies. A slight decrease in polymerization
by the CR substituentg:10 activity was calculated for R= CF; compared with R= CHa.
The changes in metric parameters that occur upon complex-An increased activity was observed by introductrgu.
ation are far from equally pronounced for diimines that are 2. Spectroscopic Properties.The 9Pt chemical shift is
substituted by H or Me at the backbone. Unfortunately, structural proportional to and largely determined by the paramagnetic
data are not available for the free ligand4obr of complex6. shielding term opara®®4° This term is proportional to the
However, if we assume that the metric data for the backbone reciprocal electronic excitation energye. We have recently
of AIN=CHCH=NAr (Ar = 2,4,6-MeCsH.)38 will be similar found that, for a number of neutral diimine Pt(Il) complexes,

to those of the ligand of, it may be inferred that the €N there is a good linear correlation betwe@#Pt chemical shifts

bond lengthening will be ca. 0.019 A and the-C bond and the inverse of electronic excitation energhdss obtained

shortening ca. 0.007 A upon complexation of the free ligand of from UV—visible spectra or calculated HOM@UMO gaps*

4 at PtCh. The fact that much greater<C and G=N bond- A similar correlation is seen betwedfPt chemical shifts of

distance changes are seen upon complexatiof af PtCh the (N-N)PtCl, complexes in this work and the respectigx

underscores the important electronic effects that are introducedvalues of the lowest energy UwWis transitions (Figure 4f.max

by the backbone GFgroups. values for2 and 3 were estimated from the broad shoulders.
Thus, the bond alterations induced by thes@Foups in2 As expected for an MLCT transition, the electron-withdrawing

clearly emphasize the stromgacceptor abilities of the diimine  groups lead to red-shiftethax values. SmalleAE's (greaterl
ligand 1. The PN bonds of2 are slightly shorter than those

of 3and4, suggesting a stronger-PN interaction. The reduced 208%7)156523%%’5322E'd'kv R.; Lovell, S.; Goldberg, K.Qrganometallics
nucleophilicity of the imine N lone pair arising from the (38) ézabo, M.J.;'Galea, N. M.; Michalak, A.; Yang, S. Y.; Groux, L.
F.; Piers, W. E.; Ziegler, TJ. Am. Chem. So@005 127, 14692-14703.
(35) Dawson, W. H.; Hunter, D. H.; Willis, C. J. Chem. Soc., Chem. (39) Ramsey, N. FPhys. Re. 195Q 78, 699-703.
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Figure 4. Plot of Aymax Vs 1°%Pt chemical shifts o2—4 and6.

values) should lead to increased chemical sFift8as observed.
When the backbone R group is changed from @& CO,CD3
and H to CH, a substantial 1000 ppm upfield shift is seen for

Lersch et al.

recorded on a Perkin-Elmer One or a Nicolet Magna-IR 550
spectrometer. UVvisible spectra were recorded on an Agilent
8452A spectrophotometer and are reportedaggnm (€ x 1073/
(M~1cm™). Anax Values estimated from shoulders are marked with
sh. Mass spectra were recorded on a ProSpecQ instrument with
El. MS data are given asvz (relative intensities, fragment).
Elemental analyses were performed by lise Beetz Mikroanalytisches
Laboratorium, Kronach, Germany. All reactions involving metal
complexes were conducted under an atmosphere,of N

[ArN =C(CF3)C(CF3)=NAr]PtClI , (2). Method A: Thermal,
Preparative Scale from PtCh. PtCh (15.1 mg, 56.8:mol) and1
(20.0 mg, 50.Qumol) in 1 mL of chlorobenzene were stirred at
reflux (140°C) under nitrogen for 3 days. After evaporation of the
solvent, the residue was washed with pentane @mL) to remove
excess ligand (17.6 mg, 88% recovered). The residue was dissolved
in dichloromethane and sentrifuged. The precipitated A{2.8
mg, 85% recovered) was washed twice with dichloromethane. The
organic phases were combined, 5% heptane was added to facilitate
better powder formation, and the solvents were removed in vacuo
to yield pure2 as a black powder (3.6 mg, 11%). The recovered
ligand and PtGlwere resubmitted to the aforementioned reaction
conditions, yielding more@ after 3 days (2.7 mg), resulting in an
overall yield of 19% and a new portion of recovered, unreacted

8(195Pt). In comparison, chemical shifts change by less than 100 Starting materialsy, (200 MHz, CDCly): 2.320 (12H, s, Ar &),

ppm when substituents at the N-aryl groups are changed from

4-CR; to 4-CH.*! Thus, electronic tuning of the diimine

properties is greatly facilitated by backbone substitution, due

to the closer proximity of these substituents to Pt.
Conclusion

The fluorinatedo-diimine Pt(ll) complex2 can be prepared

by thermal and photochemical routes. The simplest procedure

involves heating the ligand with PtCk in chlorobenzene at
reflux for 3 days. Conveniently, the starting materials can be
recovered and reused. The structural feature? asrroborate
the notion that the metal complex is quite electron deficient.
195t chemical shifts 02—4 and6 span a range of nearly 1000
ppm and correlate well withimax values from UV spectra.

Experimental Section

General Considerations.In the following section, Ar is an
abbreviation for the 2,6-dimethylphenyl group. Zeise’s salt and,PtCl

were purchased from Strem Chemicals and Alfa Aesar, respectively.

All reagents were used as received. (Ph§EEh,* the diimine
complex6,% and the ligandsl'* and ArN=CHCH=NAr! were

7.21-7.37 (6H, m, ArH). d4 (200 MHz, CB;OD): 2.356 (12H, s,
Ar CHjg), 7.20-7.28 (6H, m, ArH). 6¢ (150 MHz, CCl,): 18.0
(Ar CH3), 119.9 (glJc—F = 285 Hz, N=CCF), 128.0 Cret, 129.6
(Cortho), 129.9 Cparg, 146.1 Cipso), 161.7 (br, N=CCF). O (188
MHz, CD,Cly): —60.9 ¢Jp_r = 4.4 Hz).dr (188 MHz, CDyOD):
—60.5.0p (107 MHz, CD,Cly): —1183.Amax (CH:Cly): 411 (6.3),
498 (2.6), 603 sh (1.4ywz (El): 630 (15, M- — HCI), 593 (16,
M+ — 2HCI), 524 (49), 385 (63), 200 (100y/z (El): found for
CooH17NFsCIT4Pt, 628.0603 (M — HCI); calcd, 628.0611 (1.2
ppm). Anal. Calcd for GoH1gClFsNPt: C, 36.05; H, 2.72; N 4.20.
Found: C, 35.98; H, 3.19; N, 4.13.

Method B: Photochemical, NMR-Tube Scale from Zeise's
Salt. Zeise’s salt (3.2 mg, 8.amol) and1 (2.0 mg, 5.0umol)
were dissolved in 0.7 mL of methand}: After irradiation with
the chromatography UV lamp (20 h), the NMR tube was left to
stand in the dark. After 15 weeks, dark crystal2diad formed
(ca. 1.6 mg, 48%).

[ArN =(CO,CD3)C(CO,CD3)=NAIr]PtCI , (3). Zeise’s salt (19.6
mg, 50.7umol) andl (5.6 mg, 14.Qumol) were dissolved in 700
uL of methanold, and transferred to a NMR tube. The reaction
mixture was irradiated by UV light, and the reaction was monitored
by NMR. After 2 weeks the ligand was consumed, the color of the
solution turned lighter, and thin, dark crystals appeared. Crystals

synthesized according to the published procedures. The UV light suitable for X-ray diffraction were collected. The solvent was

source was of the type typically used to analyze TLC plates, with
an output of approximatel8 W andi ~355 nm (the glass in the
irradiated NMR tubes/vials effectively blocks radiation witkx300
nm). Samples were situated approximately 15 cm from the lamp.
NMR spectra were recorded on Bruker DPX200, DRX500, and
AV 1l 600 instrumetns (200 and 500 MHz féH, 150 MHz for
13C, 188 MHz for 19, 107 MHz for 1%5Pt). IH and °F NMR
chemical shiftsd) are reported in ppm relative to TMS viaHDCl,

at 5.32 ppmCD,Cl, at 53.8 ppm, EID,OD at 3.30 ppm, and ECl;

at 0 ppm.1¥Pt NMR chemical shifts are reported in ppm and
referenced relative to TMS usirkp; = 21.496 784 as recommended
by IUPAC# All chemical shifts are reported such that lower
frequencies give more negative shifi8Pt NMR spectra were
acquired and processed as previously describ#l.spectra were

(42) Anderson, G. K.; Lin, Mlnorg. Synth.199Q 28, 60—63.

(43) Wong-Foy, A. G.; Henling, L. M.; Day, M.; Labinger, J. A.; Bercaw,
J. E.J. Mol. Catal. A: Chem2002 189 3—16.

(44) Harris, R. K.; Becker, E. D.; Cabral De Menezes, S. M.; Goodfellow,
R.; Granger, PPure Appl. Chem2001, 73, 1795-1818.

evaporated, and the residue was washed with pentane and ether,
dissolved in dichloromethane, and filtered through glass wool in a
pipet. Evaporation of the solvent yield8ds a dark purple powder

(4.0 mg, 44%) 04 (200 MHz, CDCl,): 2.324 (12H, s, Ar Ely),
7.16-7.35 (6H, m, ArH). oy (200 MHz, CB,OD): 2.321 (12H, s,

Ar CHg), 7.15-7.34 (6H, m, ArH). dp; (107 MHz, CDCly):
—1559.Amax (CH,Cl,): 400 (4.8), 475 (2.0), 566 sh (1.4)a(CH2-
Cly)/cm™1 1753 (CO).

[ArN =HCH=NAr]PtCl , (4). Zeise's salt (113.8 mg, 294.3
umol) was dissolved in 2 mL of methanol at°Q, the free ligand
ArN=CHCH=NAr (85.6 mg, 323.7«mol), dissolved in 4 mL of
methanol, was added, and the reaction was stirred°& for 30
min and anothe3 h atroom temperature. The precipitate was
isolated using a microfiltration kit and washed with methanol/ether.
The solid was then dissolved in 100 mL of dichloromethane and
the solution refluxed for 1 h. Cooling in a refrigerator produced
dark orange microcrystals df and evaporation of the supernatant
produced4 as a dark orange powder (65.7 and 24.3 mg, respec-
tively, 58% total yield).0y (200 MHz, CD.Cl,): 2.33 (12H, s, Ar
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CHa), 7.20-7.35 (6H, m, ArH), 8.80 (2H, s3Jp,_ 1y = 97 Hz, C=
NH). 8p; (107 MHz, DMSO#s): —2100. Anal. Calcd for GHao
CLN,Pt: C, 40.76; H, 3.80; N, 5.28. Found: C, 40.11; H, 3.55; N,
5.14. Amax (CHoClo): 378 (5.7), 491 (1.9), 528 (2.0).

[ArN =C(Me)C(Me)=NAr]PtClI , (6). Complex6 was synthe-

Organometallics, Vol. 26, No. 7, 2001587

using the Sir9%” or Sir978 programs and refined ol using the
program Crystalé?

The non-hydrogen atoms were refined with anisotropic thermal
parameters; the H atoms were all located in a difference map, but
those attached to carbon atoms were repositioned geometrically.
The H atoms were initially refined with soft restraints on the bond

sized according to the published procedure from Zeise’s salt and lengths and angles to regularize their geometry-kOn the range

5.44 9p (107 MHz, DMSO6): —2179.4max (CH.Clo): 362 (4.8),
460 (2.4), 493 (2.4).

X-ray Crystallographic Structure Determination of 1—4.
Storingl in the form of an orange oil in a freezer-a20 °C resulted
in the formation of crystals after a couple of weeks. Crystalg of
were collected from an NMR tube initially containing ligahénd
Zeise's salt in methanal, after approximately 6 months on the
lab bench (i.e., method B above, only with ambient light).
Continuous irradiation of Zeise’s salt addn methanold, for 2
weeks produced crystals @&. Crystals of 4 were grown by

0.93-0.98 A) and isotropic thermal parameteli{(ifl) in the range
1.2-1.5 x Uegquv Of the adjacent atom), after which they were
refined with riding constraints. Table 2 gives the experimental and
crystallographic data. Selected bond lengths, bond angles, and
torsion angles are given in Table 3. Crystallographic data for all
four compounds may be obtained as individual CIF files in the
Supporting Information.
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