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Graphical Abstract
Configurations of new platinum(ll) complexes with unsymmetrical diphosphenes

were determined by a combination of observed and computed *'P NMR data.
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Abstract

Reaction of the unsymmetrical diphosphene Ar*PZPIRAr* = 2,4,6'BusCeH., Ar"

= 2,4,6-(CE)3CsH) with the dimeric platinum(ll) speciesans-[Pt(PES)CI(u-Cl],
led initially to the formation of two different momeric Pt(ll) complexedrans-
[Pt(PEt)ClL(Ar*P=PAr")] 2 and trans[Pt(PEt)Cl(Ar"'P=PAr*)] 3, where the
underlined phosphorus atom coordinates to Pt. Thvese readily identifiable by'P
NMR solution-state spectroscopy, but attempts tpassee them by column
chromatography were unsuccessful. When the reastz@repeated on a larger scale,
a third complexcis-[Pt(PEt)Clo(Ar"P=PAr*)] 4 was detected in solution, with P Ar
bound to Pt. Calculations of energies Rl NMR chemical shifts confirm that this
species is expected to be the thermodynamicallyt retable monomeric reaction
product. For comparison, we have also preparecutiaédogous Pt(Il) completrans-
[Pt(PEB)Cl(Ar*P=PAr*)] 6 of the symmetrical diphosphene Ar*P=PAB; and
obtained its*P NMR parameters in solution. The mixed diphospheriB=PAr" 7
(Ar = 2,6-(CF;),CgH3) reacts with the same platinum(ll) dimer to yiaeléginglecis-
complex 8. Calculations have enabled us to assign{fechemical shifts of this
unsymmetrical diphospher® and to show that the Ar’ group is coordinatedPtan
the unique produdis-[Pt(PEt)Cl,(ArP=PAr")] 8.

Introduction

Since the first diphosphene Ar*P=PAB (Ar* = 2,4,6'BusCsH,) was prepared by
Yoshifuji and co-workers in 1981, [1] a great deélinterest has focused on their
coordination chemistry. [2,3] They can bind to s@ion metal fragments either in an
n? fashion, via a lone pair on phosphorus, or imamode, utilising ther system of
the P=P double bond; some examples of both codidinaypes for AFP=PAf 9
(ArF = 2,4,6-(CR)sCsH>), [4] with strongly electron-withdrawing substitus, have
been reported by us. [5,6] Occasionally it is pgalssio coordinate a metal to each of
the phosphorus atoms in ajy mode, as in the mono- and di-AuCl complexes of
Ar*P=PAr* 5 (Ar* = 2 4,6'BusCgH,). [7] For an unsymmetrical diphosphene
R'P=PR there is the additional possibility af' coordination by either of the
inequivalent phosphorus atoms. Cowletyal. showed that the diphosphene 2,4,6-
'BusCsH,P(1)=P(2)CH(SiMg), reacted with FCO), to afford a single product in
63% vyield, with Fe(CQ)coordinated to P(2). [8] This observation is cetesit with



coordination by the less sterically hindered phosps atom, but was not discussed
further. Yoshifuji and co-workers have prepared KjCcomplexes (M = Cr, Mo or
W) of the unsymmetrical diphosphene Ar*P=PMes (Mes2,4,6-MeC¢H, or
mesityl), and have shown that these can be phot@gsed from thee- to the Z-
isomer.[9] In these complexes the metal was again cootehto the less sterically
hindered phosphorus atom. More recent studies @ynumetrical diphosphenes,
usually with a phosphorus-containing substituent @me of the diphosphene
phosphorus atoms, and some metal complexes thdrawg also appeared in the
literature. [10-14]

We have described the transition metal-catalysedatimesis of phosphorus —
phosphorus double bonds, in which symmetrical r@ymmetrical diphosphenes can
be synthesised from appropriate dichlorophosphbpésteraction with W(PMgs, as

shown in equation (1) for an unsymmetrical spediEs].

RPCL + R'PCL + W(PMe)s 2 RP=PR’ + 3 PMg+ WCL(PMe3)3 (1)

It is also possible to synthesise unsymmetricalhagphenes by base-catalysed

elimination in one of two ways, equations (2) a8d [2]

RPH, + R'PX; + 2 DBU & RP=PR’+ 2 DBUH X' (2)

RPX, + R’PH, + 2 DBU » RP=PR’+ 2 DBUH X 3)

(DBU = 1,8-diazabicyclo[5,4,0Jundec-7-ene)

It was therefore of considerable interest to inges¢ the behaviour of other
unsymmetrical diphosphenes towards a suitable ittamsmetal moiety. We have
synthesised the unsymmetrical diphosphenes Ar*PERAGAr* = 24,6 BusCsHs,
ArF = 2,4,6-(CR)sCéH,) via the route shown in equation (1), and the igsec
ArP=PAr" 7 (Ar = 2,6-(CF),CsHs) by both pathways shown in equations (2) and
(3). These compounds have been fully characterisbd. unsymmetrical products
have then been reacted in a 2 : 1 molar ratio thighdimeric platinum(ll) compound
trans-[Pt(PEg)Cl(u-Cl)]2, to investigate whether steric or electronic efetominate

possible complex formation (Scheme 1). WHife NMR solution-state spectroscopy



has been the main experimental means of followhnegé reactions, calculations have

also been carried out, to establish the most stainegplexes from a thermodynamic

viewpoint, and to calculate their chemical shiftsaddition to providing convincing

support for the identification of the observed ctemps in the Ar*P=PAt 1 reaction,
this procedure has enabled the resonances to lgnessfor ArP=PAF 7, and

established the identity of the sole prod8d¢tom this reaction. The behaviour of the

platinum(ll) dimer with the original Yoshifuji digisphene Ar*P=PAr*5 has also

been investigated for comparison purposes. We Ipageiously reported that this
dimer with symmetrical AP=PAf 9 forms cis-[PtCL(PE&)(Ar"P=PAf)] 10 as the

unique product with the diphosphene coordinatetly one of the phosphorus atoms.

[5]
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Results and Discussion

(a) Reaction ofrans-[Pt(PEt)CI(u-Cl)]2 with ArP=PAr* 5

A 1:2 stoichiometric mixture of the reagents igDg was sealed into an NMR tube.
After a few hours at room temperature, some of steting material had been
consumed, and new signals were apparent if‘Eh&IMR spectrum. A doublet at 380
ppm (1JpApB 548 Hz) was readily assigned to the uncoordinatezsphorus in an®
diphosphene complex, while a doublet of doubleth wiatinum satellites was seen at
353 ppm e, 2200 Hz,'Jpp, 548 Hz,Jpp 487 Hz). There was also a doublet
signal for the PEtgroup with platinum satellites at 10.4 pphie(e, 2917 Hz,’Jp
487 Hz). The magnitudes of botBee and?Jpp_ clearly denote the formation of a
trans-complex 6, [16] as shown in Figure 1. The NMR data for awnspecies,

including the parent unsymmetrical diphosphehasd?7, are collected in Table 1.
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Figure 1. Compounds prepared in this study.



The large®Jpapc Values fortrans-complexes2, 3 and 6 in Table 1 are entirely in
keeping with previous work, and predictions frone titerature. [17] For example,
%2Jop values between 469 and 598 Hz have been repootedirie differenttrans-
complexes in three recent papers. [18-20]



Table 1. **P{*H} NMR data ¢ *'P in ppm;J values in Hz); R = bound P in diphosphene for Pt complexgs=Ffree’ P in diphosphene for Pt
complexes; P= PEg; all RP=PR’ forms are E.

Compound Group atP GroupatR dPa 8Pz e I, SPc pp, “pp.  Cistransat Pt

12 Ar* ArF 536 417 570

Ar* ArF 400 308 529 2328 186 3000 528 trans
3 Arf Ar’ 317 402 552 2406  19.2 3139 521 trans
4P Arf Ar’ 258 360 548 3735 9.6 3174 cis
5 Ar’ Ar’ 494
6 Ar’ Ar’ 353 380 548 2200 10.4 2917 487 trans
7 Ar’ ArF 489 478 552
8 Ar’ ArF 386 334 501 2550 NR NFR° cis
9 Ref. [5] ArF ArF 474
10 Ref. [5] ArF ArF 347 337 534 2603 10 4024 - cis

* Upr =22 Hz;"2Jp pr= 343 Hz;NR = Not Recorded.



(b) Reaction ofrans-[Pt(PEt)Cl(u-Cl)], with Ar*Pa=PzAr" 1

A similar reaction was carried out with the unsynmical diphosphend; in this
instance the mixture was warmed to 60°C for 1 hhim NMR tube. The'P{ H}
NMR spectrum confirmed the presence of a small arhai unreacted starting
material, together with two new complexzand3 (Table 1). Analysis of the spectra

was not trivial because of the close similarityvzn the values dfp,p, andJpp,,

particularly for one of the compounds. The resaléarly demonstrate, however, that
both species havérans configurations, with either &PAr*) 2 or Py(Ar") 3 n'-
coordinated to Pt (Figure 1). The expected douiolethe uncoordinated P atom of
the diphosphene ligand in each complex could bdilsealentified (Table 1). Signal
intensities suggested a slight prevalence of coxpleith Pa(Ar?) bonded to Pt.

Attempts to separate these isomers by column chliogregohy were unsuccessful, as
they decomposed during the process. When a scaledaction was performed'P
NMR signals for a third complek were detected; the latter gave a clean spectrum fo
cis[PtCL(PER)(Ar Pa=PsAr*)], with Pa(Ar") coordinated to Pt (Figure 2), as
confirmed by the highe?thpA than for the correspondingans-isomer 3, and the

absence of any lardéd coupling between Pand R in the PE{ group (Table 1).

Since cis complexes are usually more stable th@aans, 4 may well be the
thermodynamic reaction product, suggesting thatr'B({& a rather better donor than
P(Ar*). A reasonable assumption is tRaand3 are initially formed in an equilibrium
mixture froml; reaction was not complete, as shown by the poesefia small amount of
starting material. Asrans-isomer3 converts to the thermodynamically more staide
isomer4, removal of3from the equilibrium will result in conversion afto3.
Eventually4 will remain as the only producthis conclusion is fully supported by the
calculations discussed below, which indicate tlahglex4 is the most stable of all
four possible singlej’-bonded species. Although the electronegative @Bups in
ArF would tend to reduce the effectiveness of dondtiom the phosphorus lone pair,
electronic effects seem to be outweighed by thacstendrance to complexation
caused by the very bullgrtho- 'butyl groups in PAr*.
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Figure 2.3'P NMR spectrum for theis-complex, [PtCI(PEg)(Ar"P=PAr)], 4.

There are two other points of particuleteiest in thé’P{*H} NMR spectrum
of 4 (Figure 2 and Table 1). Firstly, tﬁdbtpc value (for the PEtgroup) is smaller than
usually observed igis-complexes, although slightly larger than thaBinfSecondly,
zthpB coupling (to the PAr* group) is clearly apparenithaa coupling constant of 343
Hz; this behaviour was not observed in any of #heiosystems studied. These results
may indicate a slightly unusual configuration foe tcoordinated diphosphene4n

bringing B somewhat closer to platinum than normal and fgr&nfurther away.

(c) Reaction of [Pt(PEXCl;], with ArP=PAr" 7

A parallel reaction to those described above wasechout between the platinum
dimer and ArP=PAF 7 at room temperature. The mixture was stirred far3P{'H}
NMR spectroscopy revealed the presence of a sifigd@ndedcis-isomer8 (Figure 1
and Table 1). This result was not unexpected, @awwof the formation of a similar
cis-complex 10 by the symmetrical diphosphene™BrPAF.[5] In itself the NMR
spectrum of8 did not allow the coordinating atom to be distiistned in the



unsymmetrical diphosphene, since simité#® spectra would result, irrespective of
whether P(Ar’) or P(AF) was the donor atom. Calculations described béfmlicate
that P(Ar’) coordinates to Pt, and also enablerdsmnances to be assigned for the
starting material7. In this system, comparable steric hindrance wdddexpected
from both potential donor sites, because each ptwwap has twartho-CF; groups.
The Ar' moiety is expected to be rather less etewpative than Ar however, hence

a better donor, and this is entirely in keepindhwite deductions above.

(d) Calculations

Geometries of known and new diaryldiphosphenes wepémised at
B3LYP/6-31G*, to assess the accuracy of the contjpms by comparing with
reported X-ray data [21-23] where available, andcbyparing computedP GIAO-
NMR data on the optimised geometries with obser’R'dNMR shifts, which are
summarised in Table 2. The calculated P=P bondthengre consistently longer by
0.02 A, whereas the agreement between computedtmsived’P NMR data [24] is
good. The more computationally intensive model dsemas B3LYP/6-311G** and
B3LYP/cc-pVDZ gave geometric data no better thah@3/6-31G* (Table S1) thus
B3LYP/6-31G* is used here. For the new diphosphnthe*'P peaks may thus be
assigned with confidence. Similar computations walso carried out for known
diphosphenes coordinated to cationic methyl gr@§ pr metals in am® fashion
[7,9,26] as listed in Table 2, and Figure 3 denranss the good agreement between
observed and computed (GIA&P NMR data.

10



Table 2. Comparison of computed (B3LYP/6-31G*//GIAO-NMRdobserved P=P bond lengths (in A) &l chemical shiftss(*'P in ppm)
for known diaryl diphosphenes Ha=PsAr?, [Ar}(Me)Pa=PsAr?]" cation and complexes of type AR}P a=PsAr?.

Art Ar? R P=pP P=P  P=P Reference &Pa 8 Pa 8 Ps §Ps  Reference
E/Z (calc)  (obs) (calc) (obs) (calc) (obs)
ArF Ar* - E 1 2.052 400.5 4170 536.7 536.0 This work
Ar* Ar* - E 5 2.062 2.034(2) [21] 487.9 492.4 This work
Ar ArF - E 7 2.040 479.1 489.0 466.8 4780  This work
Arf ArF - E 9 2.040 2.022(2) [22] 467.9 4739 This work
Ar Ar - E 2.040 2.019(2)  [23] A775 477.0 [24]
Ar Ar* - E 2.051 408.7 4221 535.1 5330 [24]
Ar* Ar* -Me* E 2.046 2.024(2)  [25] 349.1 3322 216.8 2370 [25]
Ar Ar -Cr(CO) E 2.043 4395 4310 4405 4326 [26]
Arf ArF -Cr(CO)% E 2.046 437.8 4302 437.4 4276 [26]
Mes  Ar -Cr(CO) E 2.052 4158 4123 527.0 5009 [9]
Mes  Ar -Cr(CO) Z 2.055 2.039(3) [9] 3745 3849 408.3 3939 [9]
Ar* Ar* -AuCl E 2.051 1.975(5) [7] 320.1 3390 3955 386.0 [7]

11
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Figure 3. Comparison between computed and obsétRechemical shifts for diaryl

diphosphenes and related derivatives listed inérabl

The platinum complexes observed experimentally @@e complicated
computationally, as there are many possible cordosmand orientations. For
simplification and reduced computational times, RMas used instead of Rk the
model geometries11-22 where all possible isomers were investigated at
B3LYP/LANL2DZ:6-31G*. Table 3 compares the comput&d GIAO-NMR data for
11-22 with observed complexe®2-4, 6, 8 and 10. The agreement with observed
complexes is less precise, but all observed datzefit with the data of the expected
isomer out of the possible structures. The relagivergies between the model isomers
11-22 are listed in Table 4. The most stable isomerspedationally are all found
experimentally i.e.13, 16, 17 and 21 for 4, 6, 8 and 10 respectively. The less
thermodynamically stable isomefsand 3 observed are the next two most stable
forms computationally, whereas thas-isomer with the Ar* group at P is

unfavourable due to sterics, as shown pictorialifzigure 4.

12



Table 3. Computed®P chemical shifts3(*'P in ppm) forn'-coordinating diphosphene-platinum complexes [REGRs)(R'PA=PsR?)]. Pa =

bound P in diphosphenei B ‘free’ P in diphosphene;d> PMe; or PE§; All R'P=PR forms are E. Observed data of reported compourels a

included in italics for comparison.

Compound S Pa d Ps o Pc Compound o Pa o Pg d Pc
cis-[PtCL(PMe;)(Ar P=PAF)] 11 344.8 285.2 5.1 trans[PtCh(PMes)(Ar P=PAf)] 12 407.2 314.0 7.0
trans-[PtCL(PE&)(Ar P=PAf)] 2 400 308 21
cis-[PtCh(PMe)(ArFP=PAr)] 13 2852 3841  10.4 trans[PtCh(PMes)(Ar"P=PAr)] 14 318.1 417.1 8.2
Cis[PtCL(PE&)(Ar"P=PAr)] 4 258 360 10 trans-[PtCL(PE&)(Ar"P=PAr)] 3 317 402 19
Cis-[PtCh(PMes)(Ar P=PAr)] 15 3175 3720 4.4  trans[PtCh(PMes)(Ar P=PAr)] 16 3749 391.2 3.4
trans-[PtCL(PE&)(Ar P=PAr)] 6 353 380 10
cis-[PtCL(PMe)(Ar P=PAr)] 17 342.0 3154  10.3 trans|[PtChL(PMes)(Ar P=PAf)] 18 382.1 3454 6.6
cis[PtCL(PEL)(Ar P=PAF)] 8 386 334 NR
Cis-[PtCL(PMes)(ArFP=PAr)] 19 329.3 3264  11.8 trans[PtChL(PMes)(Ar"P=PAr)] 20 371.6 364.2 6.7
Cis-[PtCh(PMey)(ArFP=PAr)] 21 336.1 327.2 9.9 trans[PtChL(PMes)(Ar"P=PAf)] 22 3749 3528 8.0
cis-[PtCL(PEg)(ArFP=PAf)] 10 347 337 10

13



Table 4. Relative energies in kcal mbfor cis- andtrans- isomers of model platinum
complexes,11-22. P» = bound P in diphosphene. All ArP=PAr forms areThe
observed complexes4, 6, 8 and10 are assigned to the corresponding model isomer.

Compound Group atlP  cis trans GroupatR cis trans
[PtCL(PMes)(Ar P=PAf)] Ar* 11 12 ArF 13 14
4.4 3.8 0.0 34
[PtCL(PEL)(Ar P=PAf)] Ar* 2 Ar" 4 3
[PtCL(PMe3)(Ar P=PAr)] Ar* 15 16
0.4 0.0
[PtCL(PE®)(Ar P=PAr)] Ar* 6
[PtCL(PMes)(Ar'P=PAI")] Ar’ 17 18 ArF 19 20
0.0 1.8 01 22
[PtCL(PE)(Ar'P=PAr")] Ar’ 8 ArF
[PtChL(PMe;)(Ar"P=PAr)] Arf 21 22
0.0 1.3
[PtCL(PER)(Ar"P=PAr)] Arf 10

14



Figure 4. Optimised geometrie§the model platinum complex,
[PtCL(PMes)(Ar P=PAF)], 11-14.
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Conclusions

Symmetrical diphosphene Ar*P=PAr5 forms a trans-complex 6 with trans-
[Pt(PE&)Cl(u-Cl)],, whereas the unsymmetrical diphosphen&PAPAr 7 yields a
ciscomplex 8, parallel to the behaviour of M=PAf, [5] with the PAr' group
bonded to platinum, as shown by theoretical catmria. The most interesting results
were obtained with the unsymmetrical diphosphern®APAI™ 1. Initially a mixture

of two trans-complexes was formed, corresponding to separateoordination of
ArFP 3 and Ar*P2, possibly with a slight preference f8r Subsequently a singtis-
complex4 was detected, with AP coordinated to Pt. Calculations confirm that this
complex is expected to be the most thermodynamictfible of the four possible
products withn! coordination. The results illustrate well the mplay of steric and
electronic effects in complexes of unsymmetricghdisphenes. The most sterically
demanding group studied is Ar*, so that for Ar*PaPAhe least stable complex is
calculated to be the one where the Ar*P group wdddis to the PEj ligand on Pt.
This is in full agreement with the experimental ehstions, even though Ar*P
should be a better donor than"Rr For ArP=PAF, where the steric effects should be
similar for both potential donor sites, electroaftects take over, and coordination is
observed only via the Ar'P group, which should e better donor. Again theory and
experiment are in agreement. The present worktilites the value of combining

experimental and theoretical studies of such system

Experimental

All manipulations, including the preparation of NMamples, were carried out under
an inert atmosphere of dry nitrogen, either usitandgard Schlenk and cannula
techniques, or in a nitrogen-filled glovebox. Soitee were refluxed over an
appropriate drying agent, and distilled and deghgseor to use3'P{*H} NMR
spectra were recorded in either CBGI GDg at ambient temperature on a Bruker
AC250 spectrometer operating at 101.256 MHz; chalmshifts were measured
relative to external 85% 4RO.. '*F NMR spectra were recorded on the same
instrument at 235.36 MHz; chemical shifts were mead relative to external CFLI
Mass spectra were recorded on a VG7070E instrutmemr. M. Jones or Miss L.
Turner. Elemental analyses were obtained by theoamalytical services of the

Chemistry Department, University of Durham.

16



Synthesis of Ar*P=PAr’S
This known diphosphené& [1] was prepared via dechlorination of Ar*BGby
W(PMe&s)s.[15] W(PMe)s (0.500 g, 0.78 mmol) and ArP£(0.520 g, 1.5 mmol)

were placed in an ampoule, and benzene (30 ml)omadensed into the vessel at -

196 °C; the reaction mixture was then allowed torw@o room temperature (RT)
under vacuum. The mixture was stirred at RT foh3®uring this time the solution
changed colour from vyellow/gold to orangé'P{'H} solution-state NMR
spectroscopy indicated that the reaction had rehdwmpletion, and all of the
Ar*PCl; had been consumed. The solution was transferradsichlenk vessel and the
benzene was removéadvacuo. The residue was extracted with n-pentane (3 x5 m
The solution was reduced in volumeda. 20 ml, and cooled to -78 °C to give a
bright orange crystalline product. It was identfiey its characteristit'® NMR shift

(6 494 ppm).

Synthesis of Ar*P=PAr1
This new unsymmetrical diphosphene was similarlgppred. W(PMgs (0.300 g,
0.46 mmol), Ar*PC} (0.156 g, 0.45 mmol) and APChL (0.175 g, 0.46 mmol) were

placed in an ampoule and benzene (30 ml) was ceedento the vessel at -196 °C.

The reaction mixture was allowed to warm to RT uneecuum. This mixture was
stirred at RT for 36 h, during which time the saat changed colour from
yellow/gold to bright red, with some precipitatioha pale solid. After this tim&p
NMR indicated that the reaction had reached congoiet

The solution was filtered and benzaladkh(5 ml, 5.22 g, 49 mmol) [10]was
added to the filtrate. The mixture was stirred &tf& 48 h, during which time much
pale solid precipitated™P NMR indicated that this solid contained no digitene.
After further filtration, E3O (15 ml) was added and the solution cooled to 40t@8
h. Further solid precipitated and was filtered ofhe benzene and & were
removedin vacuo. **P NMR of the resultant orange oil indicated that diphosphene
wasca. 90 % pure. The residue was passed down a siikann using CHCI, as
eluant. Removal of the solveimt vacuo afforded the pure diphospheh@s an orange
oil. After standing at room temperature for a feaysl small florets were observed to
crystallise, but these were unsuitable for X-rdjraiction. (Yield 185 mg, 70 %)

17



Found: C, 55.12, H, 5.30 %,{E31FoP, requires C, 55.11, H, 5.31 %. M/Z 588 M
307 [M' - Arf], 3P{*H} NMR (CDCls) 536 (d, Ar*P,'Jpp 570 Hz), 417 (doublet of
septets, AtP, 1Jpp 570 Hz,*Jpr 22 Hz).'*F NMR (GsD¢) -56.8 (t, 6F,0-CFs, “Jor 20
Hz), -63.7 (s, 3Fp-CF).

Synthesis of ArP=PAr7
As indicated above, this unsymmetrical diphospheas prepared in two different

ways
(a) From AFPCL and ArPH

DBU (1.44 ml, 9.65 mmol) in THF (15 ml) was addedpmlvise over 5 min. to a
stirred solution of Ar'PH (1.18 g, 4.80 mmol) and APCh (1.84 g, 4.80 mmol) in
THF (45 ml) at 0 °C. The solution turned brown-gel|] with formation of a
precipitate. This mixture was stirred for 30 mineafbeing allowed to warm to RT.
The solid was removed by filtration and the fileavas concentrated to yield a pale
yellow powder (1.9 g, 3.4 mmol, crude yield 71%hisl solid was washed with
several 10 ml aliquots of & to yield a pure white solid (1.2 g, 2.2 mmol, 46%
Recrystallisation from CpCl, (10 ml) gave small crystals unsuitable for X-ray
diffraction.

(b) From AfPH, and Ar'PC}

A similar reaction between DBU (1.90 ml, 12.7 mma\y"PH, (1.97 g, 6.3 mmol)
and Ar'PC} (1.98 g, 6.3 mmol) in THF (100 ml) yielded 1.64239 mmol, 46%) of
the same produgt after work-up. The ripple tank oscillation techuiegwas employed
between 10 and -30 °C for several days in an atténpbtain better crystals of the
diphosphene (0.9 g) in toluene (7 ml), but agaily @ery small crystals resulted. M.
Pt. 131 °C. Found, C, 36.33, H, 0.60 %;:F1sP, requires C, 36.71, H, 0.91 %.
M/Z 343 [M" - Ar], 324 [M* - Ar' —F], **P{*H} NMR (CDCl3) 489 (d,"Jpp 552 Hz),
478 (d,*Jpp 552 Hz).'®F NMR (CDC}) ca. -53 (12F 0-CFs, complex region with two
overlapping doublets of doublets), -64.1 (s, BER:;).

Representative _synthesis of a platinum complex —nti&gis of cis
[PtClL(PE)(Ar"P=PAr’)] 8
The platinum dimetrans-[Pt(PEg)Cl,], (0.58 g, 0.75 mmol) was added to a stirred

solution of 7 (0.85 g, 1.5 mmol) in C§Cl, at room temperature. The mixture was
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stirred for 1 h, then cooled to -40° C. Thecis-complex8 was isolated as small
transparent crystals, which proved to be unsuitédnieX-ray crystallography. Yield
0.62 g (43 %).

Computational Details

All computations were carried out with the Gausgl@rpackage.[27] The geometries
of compounds listed in Table 2 and the model syst&t22 were fully optimised
with the B3LYP functional[28] with no symmetry cdreants using the 6-31G* basis
set [29] for all atoms apart from Au and Pt, wheANL2DZ pseudopotentials[30]
were employed. The much larger 6-311G** and cc-pVRasis sets did not show
more accurate data (Table S1) compared with refuolts the 6-31G* basis set and
experimental data, thus the 6-31G* basis set idl iigee for all computations. The
polarised continuum solvation model (PCM) witkr 35.7 was applied in all cases to
reflect solvent effects.[31] Calculate’P NMR chemical shifts at the GIAO-
B3LYP/6-31G* level were obtained for the optimisgeometries using th&(*'P) =
300.0 — 0.8(*'P) scale.[32]
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* some new unsymmetrical diphosphenes and their platinum(ll) complexes
synthesised
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