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Graphical abstract

Zwitterionic  heterobimetallic  aminocarbyne  complexe [(OCh(L)Fe{u-CN(R)R’}(p-
PhPNPPR)Pt(PPR)] (L = CO, CNR) have been synthesized by deprdtonaf the bridging dppa
ligand and their reactivity towards various eleptribes has been investigated. ThNsalkylated or
N-metallated aminocarbyne complexes such as theradweteiclear gold-amide complex
[(OC)sFe{u-CN(Me)xylyl{ u-PhPN(AuPPR)PPR}Pt(PPh)][OSO.CF;] have been obtained.
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Highlights
» Heterobimetallic isonitrile and-aminocarbyne Fe-Pt complexes have been synthesized
* The bonding mode of the CNR ligand (bridging vemi@al) depends on th@donorft
acceptor propensity of R.
* Regioselective substitution of PPdit the Pt center.
» Zwitterionic compounds were obtained by deprotamatf the dppa ligand.
» Heterotrimetallicaminocarbynes were characterized by multinuclédRNand X-ray

diffraction.
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ABSTRACT

Reaction of [(OGFe-CO)u-dppa)Pt(PP¥)] (1) (dppa = bis(diphenylphosphino)amine) with
various isonitriles in a 1:1 or 1:2 ratio yieldsetisonitrile-bridged compounds [(Ofeu-CN-
R)(u-dppa)Pt(PPY)] (20 and [(OCYRNC)Fe(-CN-R)(u-dppa)Pt(PP)] (3), respectively.
However, addition otert-butylisonitrile to 1 affords the carbonyl-bridged complex [(Q@8rt-
BUuNC)Fe(1-CO)(u-dppa)Pt(PP¥)] (2g). Upon treatment of [(OGlre(-CN-o-anisyl)(-
dppa)Pt(PP})] (2b) with SO, the u-CNR ligand is chased from its bridging positiongiwe the
sulfur dioxide-bridged compound [(O£9-anisyINC)Fe(-SO)(u-dppa)Pt(PPY)] (4). These
compounds are converted to the-aminocarbyne salts [(O&))Fe{u-CN(R)R}(p-
dppa)Pt(PPH]” (5 R* = Me, Et) by N-alkylation using [MeO][BF, or ethyl triflate as
electrophiles. In function of the sterical crowdimxerted byp-aminocarbyne groups, two
stereoisomers can be formed. Upon addition of P(oMe tert-BuNC to 5, no carbonyl
substitution occurs. Instead the Pt-boundfAigand is replaced by L’ in a regioselective manioe
give [(OC)(L)Fe{pu-CN(Me)R}(u-dppa)Pt(L)][BFR] (5e, 5f, 5¢. Deprotonation of the N-H
function of the bis(diphenylphosphino)amine ligasfdsalts5 by KSi(OMe)} or KH produces the
zwitterionic compounds [(O@QL)Fe{p-CN(R)R'}u-PrPNPPR)Pt(PPR)] (6). The latter react
with various organic and inorganic electrophiles gooduce theN-alkylated or metallated
aminocarbyne complexes [(OQL)Fe{pu-CN(R)R'H{ u-PPN(E)PPBPt(PPh)]" (7: E = Me,8: E

= AuPPh, CuAsPh, CuPPB HgMe). The molecular structures 2¢, 3b, 5b, 8aand8b have been

determined by X-ray diffraction studies.

Keywords:Heterobimetallic complexes / Isonitrile compleXxedminocarbyne complexes / Iron /

Platinum




Corresponding author. Tel.: + [33] 3 81 66 62 7&% F+ [33] 3.81.66.55.04
E-mail addresses: michael.knorr@univ-fcomte (M. Kno

1. Introduction

The use of bis(diphenylphosphino)methane (dppnghast-bite ligand to assemble homo- and
heterodinuclear complexes is documented in a pletbbarticles and even some reviews deal on
the coordination chemistry of dppfi]. Although the first examples on the use of tetated
ligand bis(diphenylphosphino)amine (dppa) have begorted in the seventig2] considerably
less work on the synthesis and reactivity of hetenaclear and heterotrinuclear systems spanned
by dppa are documented. Some selected exampleq(@@&)s;Mo(u-dppaRhCI(CO)] [3],
[(CeFs)-Pd@-dppa}Ag][CIO4]  [4]  [(OC)sFe(-dppa)ReBr(CQ)  [5a],  [(OCkFe{u-
Si(OMe)h(OMe)}(u-dppa)Pd(l)] [Sb],  [(OChFe(-dppa)Pd(CHCH.C(=O)Me)][BF]  [5c],
[Cp(PPR)RuCI@-dppa)AuCl] [6], [(OC)Fe(-dppa){u-C(CeHiCFs-0)C=C(H)}Pt(PPh)] [7],
[(Cp)Ru@-COX(u-dppa)MCH (M = Rh, Ir) [8] and [Cp(OCMo(u-dppa)Pt(CO)Mo(CQLp]
[10]. With the objective to combine our researcteiiast on heterobimetallic complexes bearing
bridging isonitrile ligands, we have reported saVegears ago on the synthesis of the carbonyl-
bridged complex [(OGFe(-C=0)u-dppa)Pt(PP$)] (1) and its reactivity towards aromatic
isonitriles leading to a series of [(Q€eU-CN-Ar)(u-dppa)Pt(PP4)] complexes [11]. We have
also demonstrated that the latter can be converteccationic aminocarbyne complexes
[(OC)sFe{u-C=N(E)Ar}(p-dppa)Pt(PP$]" by addition of electrophiles E on the basi@tom of
the bridging isonitrile ligand. Since heterometalji-aminocarbyne complexes are still very
scarce, we have since our first short report ingatstd more in detail the synthetic access,
structural features and reactivity of this speciasother objective of this paper is the exploration
of the possibility to use the presence of the dppdge to construct heterotrimetallic
aminocarbyne complexes. The synthesis of thesedteteetallic systems, their characterisation

by multinuclear NMR studies and X-ray diffractianpresented in the second part of this article.

2. Results and Discussion

2.1. Synthesis of Fe-Pt Mono- and Bis(isonitrilentplexes

In a manner similar as already described for theparation of complexes [(O§Pe-CN-
xylyl)(p-dppa)Pt(PP4)] (28) and [(OC)Fe(-CN-o-anisyl)(u-dppa)Pt(PP4)] (2b), [11] reaction of
[(OC)sFe-CO)(u-dppa)Pt(PP4)] (1) with the aliphatic benzylisonitrile in a 1:1 m@ives cleanly
within 10 min the isonitrile-bridged compound [(QEg({-CN-benzyl)(1-dppa)Pt(PP¥)] (20),
isolated in 88% vyield (Scheme 1). The isonitrigahid adopts also a bridging bonding mode after
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stoichiometric addition of isocyanomethylacetate d amp-tosylmethylisonitrile affording
[(CO)Fe{u-CN-CH,C(=O)OMe}(-dppa)Pt(PP3)] (2d) and [(CO}Fe{u-CN-CH,SOp-Tol}( -
dppa)Pt(PP¥)] (26, respectively. The crystal structure @t is shown in the Supporting
Information (Figure S1). Exemplarily for these ser®, the *P{*H} NMR spectrum of2e is
depicted in Figure 1, the NMR data for all compkesee presented in Table 3.

SHJ(P1-P3) = 10 Hz 2j(P2-P3) = 40 Hz OC/'Fe%O

2j(P1-P2) = 164 Hz

1J(P3-Pt) = 4248 Hz

1 2. =
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/

T
ol VA WWW”‘WMWWW WA

R BB o e e B e R
110 100 90

Fig. 1.*'P{*H} NMR spectrum of2erecordedn CDCl;at 298 K.
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Scheme 1Syntheses of heterodinuclear mono- and bis(ista)itomplexes

The reaction becomes more complicated when usingggr electron-donating aliphatic isonitriles.
Addition of n-butylisonitrile to 1 produces in almost quantitative yield the subttitu product
[(CO)sFe(-CN-Bu-n)(u-dppa)Pt(PPH] (2f), which has been isolated as a yellow solid. Tire
NMR spectrum recorded at 243 K exhibits chemicédtshnd coupling constants quite comparable
with those of2e illustrated in Figure 1. However, at 298 K two sjgs are detectable in an
approximate 60:40 ratio. The spectroscopic dattheffirst set correspond to those of the 243 K
spectrum with &"3J(P-P) coupling of 180 Hz between the two dppa phosgus atoms, the second
set appears down-field shifted with respect tofitst one with a>*3J(P-P) coupling of 213 Hz.
Overall the*'P data of the second set are quite similar to thésiee carbonyl-bridged precursbr
The IR spectrum in solution exhibits a broaderé@=N) vibration at 1694 cih stemming from

the bridging isonitrile ligand, but there is alséuather absorption at 2143 cheharacteristic for a



terminal isonitrile. We conclude that there is eperature-dependent equilibrium betweep-a
CNR isomer [(COFe-CN-Bu-n)(p-dppa)Pt(PPH)] (2f) and an isomerigi-CO specie2f’ as

shown in Scheme 2.

H
t-Bu_ /N\PPhz
_ N PhoP |
1 t-Bu-N=C \\\C | /Pt/PPh3
co _Feg
C Cco
n-Bu-N=C Ci\ 29
-CO O
9 0
N—PpPh
/ 2 N—PPh
n-Bu / 2
OthP | /PPhs \N \thp |
c,| Rt - <, | pt—PPh;
c&co _’ "‘Fe\//
(0] c— \CO
(@]
C
W2 W
n-Byi  major minor

Scheme 2Reactivity ofl towardsn-butyl andt-butyl isonitrile

This hypothesis is supported by the observation dftar addition of a stoichiometric amount of
tert-butylisonitrile the p,-CO complex [(OC)tert-BuNC)Fe(-CO)(u-dppa)Pt(PP¥)] (29) was
formed. In this orange-colored microcrystalline igolthe isonitrile ligand adopts a terminal
bonding mode orthogonal with respect to the Fedpdbwhich is bridged by @-carbonyl ligand
The bonding situation is evidenced from the IR spea, which displays in addition to a broadened
v(C=0) vibration at 1735 ch an intensev(C=N) absorption at 2123 ¢mstemming from the
terminal CNR ligand. The presence of two furtheorsgv(CO) absorptions at 1950 and 1909tm
proofs that the CNR ligand is bound orthogonalh® metal-metal axis. In the alternative case of
two trans-arranged terminal carbonyls only one band shoalcetbeen observed. Compared to the
position ofv(C=0) band of precursat, that of2f is shifted to lower frequency due to the electron-
donating character of thert-butylisonitrile ligand (1760 vs. 1735 ¢h

Of course the question arises, wbyt-BuNC prefers to adopt a terminal bonding modeeamathan

a bridging one. A crystal structure of the firstmietallic example of au-CNR complex,
[Cp(CO)Fe(1-CNxylyl)(u-CO)FeCp(CO)], revealed a bridging bonding modexigyINC ligand
(Chart 1) [12]. Some years later, Cotton and Adatudied the fluxional behavior of thert-BuNC
derivative and established crystallographically eaminal bonding mode for [Cp(CO)Relt-
BUNC)(-CO),FeCp(CO)] [13]. To explain this finding, the autb@dvanced steric arguments.
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However, we are more in favor for a rationalizatimased on an electronic argumentation. In
these electron-rich Fe-Pt complexes, a stmyagceptor ligand such asCO, u-SO, (see below) or
M-CNR with aromatic or moderately electron-donatiRggroup can compensate the electron-
richness by back-bonding. However in the case®BuNC, the strong electron-donating +I effect
of thet-Bu group may considerably weaken the back-bongiogensity of this isonitrile, so that
finally a p-CO is more efficient as-acceptor. Furthermore, our X-ray structure deteatmon of
the p-vinylidene complex [(CQJFe{u-C=C(H}XBu}(pu-dppm)Pt(PP¥)] demonstrates that tabutyl
group is able to adopt a bridging position withoatising sterical hindrance [14].

Conducting the reaction df in CH,Cl, solution in the presence of 2 equivalents of RNEC,
reacting 2a,c with one further equivalent of RNC afforded thes(lsonitrile) complexes
[(OC)(xylyINC)Fe(-CN-xyly)(u-dppa)Pt(PP¥)] (3a) and [(OC)(BzNC)Fe(1-CN-Bz)(u-
dppa)Pt(PP§)] (3b), respectively. Addition of the di(isonitrile) Bagd 1,2-bis(2-
isocyanophenoxy)ethane (diNC) toresults in formation of comple&c, in which one isonitrile
group is bridging and the second one is ligated iterminal manner on the iron center, thus
forming a 13-membered macrocycle. We also succesulesynthesize the mixed bis(isonitrile)
complex [(OC)(tert-BuNC)Fe(-CN-xylyl)(p-dppa)Pt(PP$)] (3d) by reacting 2a with 1
equivalent oftert-BuNC. In the case of seri@sthe coordination of the terminal CNR ligand in an
orthogonal position relative to the metal-metal daan be deduced from the IR spectra, which
shows twov(CO) stretches of approximate equal intensitiesadtaristic for acis-arrangement of
the two carbonyl ligands of the Fe(GQ)nit [15]. In addition, twov(C=N) vibrations due to the
terminal and bridging isonitrile ligands are foundthe IR spectra. For example, the termiteat-
BuNC ligand of3d gives rise to an adsorption at 2122 Grwhereas the broadened band at 1652
cm? is attributed to the bridging xylyINC ligand. Coampd to comple®a, the position of the latter
absorption is shifted to ca. 19 wavenumbers to tofrequencies. This is probably due to the
additional electron donating effect of the secomdminal CNR ligand, which is partially
compensated by back-bondingrttorbitals of theu,-CNR ligand, thus weakening the C=N bond
[16]. A 'H NMR investigation oBa at variable temperature revealed the occurren@edyhnamic

behavior of one xylylisonitrile ligand (Figure SAt room temperature the methyl groups of each
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xylyINC ligand appear as a singlet at1.82 and 2.09, the later resonance being somewhat
broadened. Progressive lowering of the temperatauses further broadening and coalescence is
reached at 273 K. Below this temperature, a spdjtof this signal occurs. Finally, two well-
resolved singlets are observed at 243 K. We atg&ithese two singlets to the methyl groups of the
bridging xylyINC ligand. Most probably, this phenenon is a consequence of a hindered rotation
around the Ar-N bond due to steric effect. An exgeabetween bridging and terminal CNR ligand
has been discussed for other bimetallic systdr8F[17-21], but we exclude this possibility f8s,
since the resonance due to the two methyl groupleoferminal xylyINC ligand are not involved

in this dynamic behavior.

Crystal structure of [(CQJBzNC)Fef-CN-Bz){+~dppa)Pt(PPh)] (3b). The structural features,
and selected bond length and angles3bf are presented in Figure 2. Suitable crystals of
3b*0.5CH,CI, were grown from ChkLCl,/hexane. The structural parameters may be compethd
those of the complex [(OeHe(-CN-Bz)u-dppa)Pt(PP$)] (2¢) shown in Fig. S1. The
replacement of one CO ligand by a second termigdliIMC ligand hardly affects the Fe—Pt
distance [2.5425(4)s. 2.5741(13) A]. Theuw-isonitrile ligand is symmetrically ligated betwetre
two metal centers, the Fe—C(1) and Pt—C(1) distaheing 2.000(9) and 1.998(10) A. Both the
length of the C(1)=N bond [1.259(123.1.233(3) A)] and the inclination C(1)-N-C(12) [12(®)

vs. 122.2(2)°] correspond to that €. Also the bending of the benzyl group towardsdagoonyl
iron moiety is identical. The perpendicular dispiosi of the terminal benzylisonitrile deduced
from the IR data is confirmed by this crystallograpstudy, the angle Pt—Fe—C(3) being 91.4(4)°.
As expected for a terminal coordination, the C(JB)NC(4) array is almost linear (172.6(12)°),
the presence of a=®l triple bond is reflected by the short C(3)-N(8&tance of 1.175(15) A.
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Fig. 2. Perspective view o8b showing the atom-labelling scheme. Hydrogen atamd the CHCI,
molecule have been omitted for clarity. Selectestagices (A) and angles (°): Fe—Pt 2.5741(13), F8—P(
2.228(2), Pt—P(2) 2.295(2), Pt—P(3) 2.269(2), F&}2(000(9), Fe—C(2) 1.713(11), Fe—C(3) 1.834(E2);
C(11) 1.730(11), Pt—=C(1) 1.998(10), C(1)-N(1) 1@29, C(3)-N(3) 1.175(15), N(1)-C(12) 1.443(14),
N(3)-C(4) 1.425(15), C(11)-0O(2) 1.190(15), C(2)301.18(14), P(1)-N(2) 1.703(8), P(2)-N(2) 1.697(7)
P(1)-Fe—Pt 91.33(7), P(2)-Pt—-Fe 97.94(7), P(3)-Pt+E8.58(7), P(3)-Pt—P(2) 113.36(8), Pt—C(1)-Fe
80.2(4), C(2)-Fe—Pt 83.2(4), C(11)-Fe—-Pt 157.9¢4R)—Fe—Pt 91.4(4), C(1)-Pt—P(3) 99.0(3), C(1)-Pt—
P(2) 147.6(3), C(1)-Fe—P(1) 140.7(3), N(3)-C(3)4F®.5(11), C(3)-N(3)-C(4) 172.6(12), N(3)-C(4)-
C(5) 111.9(112), P(1)-N(2)—-P(2) 122.4(4), C(1)-NQ)%E2) 120.8(9).



Table 1

Crystallographic and refinement data 8, 5b, 5dand8a

3b-CH2C|2 5b 5d'CH20|2'Et20 8a
CCDC number 1031961 1031962 1031963 1031964
Formula Ci21H10CloF&Ng  CsaHaeBFsFENO;  CosHeoBCLFFEN;  CrHgAuFsFeN,
O,PsPt, P;Pt O;P;Pt OsP4PtS
Formula weight [gnol™®] 2462.69 1201.59 1429.78 1736.10
T [K] 173(2) 173(2) 293(2) 173(2)

Crystal size [mm]

0.20x 0.10 x 0.10.30 x 0.20x 0.20

0.30x0.20x0.20 0.30 x 0.2020

Crystal system orthorhombic monoclinic triclinic nazlinic
Space group Pnaz (33) P2i/c (14) P1; (2 P2n (14)
a[A] 23.024(5) 11.732(2) 12.57(4) 16.8304(5)
b [A] 11.256(2) 20.671(4) 13.32(4) 20.7199(4)
c [A] 21.535(4) 21.063(4) 21.67(6) 21.8066(6)
a[°] 90 90 77.7(2) 90
B[] 90 90.80(3) 88.3(3) 109.644(3)
v [°] 90 90 70.7(2) 90
V[A9 5581.0(19) 5107.5(16) 3343(18) 7162.0(3)
Z 2 4 2 4
p calc [gem’] 1.465 1.563 1.420 1.610
u [mm] 2.942 3.173 2.514 4.370
F (000) 2468 2392 1444 3416
0 range [°] 2.01 — 26.00 2.00 — 25.00 1.73 -24.00 .202 27.00
—28<h<27 -13<h<13 -14<h<14 —-21<h<21
Index ranges -13<k<13 —24<k<22 -14<k<15 —-26<k<26
—26<1<26 —-25<1<25 0<l<24 —27<1<27
collected reflections 31772 35977 10469 79775
independent reflections 10894 8983 10469 15595
(Rt =0.1009) (R =0.1899) (R = 0.0000) (Rt = 0.0510)
Data / Restraints / 10894/1/659  8983/0/624 10469/1/756 155095841
Parameters
Goodness-of-fit on F2 1.015 1.023 1.057 1.006

largest diff peak and
hole [e A%

3.570 and -1.813 1.324 and —2.229

3.850 and —3.42382 and —1.232

final R indices [1>3(1)] R1 =0.0601 R1 = 0.0800, R1 =0.0699, R1 =0.0323,
wR2 =0.1591 wR2 =0.1979 wR2 =0.1791 wR2 = 0.0670

R indices (all data) R1 =0.0674 R1=0.1168 R1 =0.0811 R1 = 0.0584
wR2 =0.1669 wR2 =0.2343 wR2 = 0.1893 WR2 = 0.0695

The tendency of stronracceptor ligands to occupy in these Fe-Pt systelmsdging position in
order to compensate a high electron densitydinack-bonding is also confirmed by treatment of
2b with SG.. Theoretical and experimental studies have shdwah $ulfur dioxide as bridging
ligand may exert aracceptor propensity exceeding even that of cannmonoxide [22]. This
explains why, after short bubbling of 5@ a dichloromethane solution @b, the p-isonitrile
ligand is chased away from his bridging position &u-SO, molecule occupies in [(O&p-

anisyINC)Fe-SO;)(u-dppa)Pt(PP)] (4) its former place with concomitant CO extrusion
(Scheme 3).
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Scheme 3Formation of a heterodinucleprSO, complex

Both the *'P- and'®Pt NMR data indicate that the metal-metal bondetk cskeleton of4
remained intact (Table 3). From the position of #€=N) vibration at 2125 ch it is evident,
that the isonitrile is now ligated in a terminalmar. Characteristic for S@n a bridging bonding
mode is the presence of an intense symmetric anasammetricv(SO)-vibration in the range
between 1190-1050 ¢ For example, the occurrence of two vibrationd B89 and 1049 cth
has been reported for [(OC)(RREO,)(U-S)(-dppmpMn(CO),)], and we observed previously
two vibrations at 1183 and 1044 ¢nin the IR spectrum of [(OGW(H-SOy)(u-dppa)Pt(PPY)]
[23]. Therefore the two strong absorptions obsered097 and 1026 cfrare attributed to the
v(SO) stretches of.

2.3. Preparation and reactivity of cationic N-alatéd aminocarbyne complexes.

In an analogous manner to the preparation of jth@minocarbyne complex [(O¢He{u-
CN(Me)xylyl}(u-dppa)Pt(PPH)][BF4] (5a8), the cationic derivative [(OGHe{u-CN(Me)Bz}(p-
dppa)Pt(PPY)][BF,4] (5b) was obtained by electrophilic addition on theibastrogen atom of the
H-CNR ligand using the Meerwein salt [M®|[BF4] or methyl triflate as the alkylating agent
(Scheme 4). Note that these compounds may alteehatie considered as alkylated iminium salts
A (Chart 2) [24], but in line with the group of Buiseet al [25], we prefer a description as
aminocarbyne complexé&s (see also the discussion concerning the isomemnzaf 5h below) [17,

26, 27] with an important contribution of forgh

DA P A
N e
N® N N
/ N\ N
R R g R R™ R
_ (A) (B) (C)
dimetallated iminium salt u-aminocarbyne
Chart 2
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N-methylation allowed also to convert the labile edxbis(isonitrile) complexdd into the stable
salt5d. Note that the terminaért-BuNC ligand does not react even with an excesseélkylating
agent (Scheme 4).
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Scheme 4Preparation oft-aminocarbyne complexésby N-alkylation.

A priori two isomeric forms are conceivable with the metirgup orientated towards the platinum
centre or alternatively towards the Fe(G®agment. All*H, 3'P and*®®Pt NMR data indicate the
formation of just one isomer (Table 3). To unambiggly ascertain the stereochemistry around the

Mz-aminocarbyne ligand, X-ray diffraction studies®mnand5d were undertaken.

Crystal structures of [(OGFe{t~CN(Me)Bz}-dppa)Pt(PPR)][BF4 (5b) and [(OC)(tert-
BuNC)Fef-CN(Me)xylyl}¢-dppa)Pt(PPB)][BF 4] (5d).

Suitable single-crystals of yellobb were grown from CBCI/Et,O. The structure depicted in
Figure 3 shows that theaminocarbyne ligand symmetrically bridges [Fe—Q(B05(13), Pt—C(1)

1.989(15) A] the two metal centers, the separatibmvhich, 2.5182(16) A, is indicative of the
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presence of a metal-metal bond. Due to steric factonly the isomer with the benzyl group
oriented towards the iron center is formed. Thertshond length between C(1) and N(1) of
1.330(17) A reflects the partial C=N double-bondrettter of thqu-aminocarbyne unit, which,
therefore may alternatively be considered as a tdiltaéed iminium salt ligand (Chart 2). To date,
to the best of our knowledge, only one other exampl a heterobimetallicp-aminocarbyne
complex has been structurally described. A C—Nadist¢ of 1.29(2) A was observed for this
tungsten-gold [(CQJCp)W{u-CN(Et)Me}Au(CeFs)] complex bridged by a CN(Et)Me ligand [25].
A separation of 2.938 A between the N atom of thpadligand in5b and the F(1)atom of the
tetrafluoroborate counter ion suggests the presesicea hydrogen-bonding interactiond {
H(2)----F(1) 2.109 A}. A comparable N---F distarafe 2.941 A has been reported for
[Rup(COW(p-NO)(u-H) (u-PBuy)(u-dppa)][BR] [28], a weaker interaction with the N—H proton
[d(N---F) = 3.105 A] was found for [(OfFe-dppa)Pd{CHCH,C(=0)Me}][BF4] [5¢, 29-31].

In the structure 0%5d, which contains both a GEIl, and EtO molecule of crystallisation, the
methyl group of the aminocarbyne ligand points mdaivards the PtPRmmoiety (Figure 4)The
C(1)-N(1) bond length of 1.265(12) A is even shothan that obb. An intermolecular hydrogen
bond between the BFcounter ion and the N-H group of the dppa ligam@lso encountered for
this salt g[N(2)----F(1)] 2.987 A; H(2)----F(1) 2.163 A}.

@\%/B

Cl1
C10

o e
€

Fig. 3. Perspective view 05b showing the atom-labelling scheme. Apart from H@) hydrogen atoms
have been omitted for clarity. Selected distand@sad angles (°): Fe—Pt 2.5182(16), Fe—P(1) 2 23Kt—
P(2) 2.328(3), Pt—P(3) 2.293(3), Fe—C(1) 1.905(F&,C(10) 1.775(12), Fe—-C(11) 1.775(14), Fe—C(12)
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1.822(14), Pt—C(1) 1.989(15), C(1)-N(1) 1.330(INR)-N(1) 1.488(18), N(1)-C(3) 1.452(17), C(10)-D(1

1.170(14), C(11)-0(2) 1.164(15), C(12)-0O(3) 1.186(P(1)-N(2) 1.708(9), P(2)-N(2) 1.710(10); P(1)-
Fe—Pt 95.95(10), P(2)-Pt-Fe 96.19(8), P(3)-Pt-F&.89510), P(3)-Pt-P(2) 106.91(11), Pt-C(1)-Fe
80.6(6), C(10)—Fe—Pt 76.1(4), C(11)-Fe—Pt 161.8%§)2)—Fe—Pt 88.9(4), C(1)-Pt-P(3) 108.6(4), C(1)—P

P(2) 144.4(4), C(1)-Fe—P(1) 146.3(4), N(1)-C(1)4R7.2(10), C(1)-N(1)-C(2) 124.5(12), C(1)-N(1)-
C(3) 122.0(12), C(2)-N(1)-C(3) 113.4(13), P(1)-N@(2) 124.2(6).

C5

Fig. 4. Perspective view of the cation &0l showing the atom-labelling scheme. Hydrogen ataims,
CH.CI, and E3O molecules have been omitted. Only the ipso cadboms of the phenyl groups of dppa are
shown for clarity. Selected distances (A) and a g Fe—Pt 2.500(9), Fe—P(1) 2.217(8), Pt-P(232(8),
Pt—P(3) 2.282(9), Fe—C(1) 1.909(11), Fe—-C(2) 1.X18R(Fe—C(3) 1.869(11), Pt—C(1) 1.992(9), C(1)-N(1)
1.265(12), C(5)-N(1) 1.474(13), N(1)-C(6) 1.477(13J2)-O(1) 1.145(11), C(4)-O(2) 1.125(11), C(3)-
N(3) 1.154(12), P(1)-N(2) 1.678(9), P(2)-N(2) 1.669; P(1)-Fe—Pt 96.9(3), P(2)—Pt-Fe 95.3(3), FRB)—
Fe 157.12(13), P(3)-Pt-P(2) 107.5(2), Pt-C(1)-F8(4% C(2)-Fe—Pt 84.7(4), C(4)-Fe—Pt 158.1(3),€(3
Fe-Pt 83.0(4), C(1)-Pt-P(3) 108.6(3), C(1)-Pt—P12B.9(3), C(1)-Fe-P(1) 148.5(3), N(1)-C(1)-Fe
135.9(7), N(3)-C(3)-Fe 178.5(8), C(1)-N(1)-C(5p128), C(1)-N(1)-C(6) 122.5(8), C(5)-N(1)-C(6)
113.1(8), C(3)-N(3)-C(14) 174.1(11), P(1)-N(2)-P¥25.2(5).

Similarly, N-alkylation of3c affords the macrocyclic compould, whose enhanced stability in
solution compared to that of precursdc allowed the recording of &°C NMR spectrum.
Characteristic for this type of aminocarbyne cometeis the resonance of theC atom, which is
observed in the low-field region &t= 315.7 as a doublet of doublets of doublets Rd(F-C)

coupling constants of 3, 16 and 79 Hz, respectively
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More complicated is the outcome of tialkylation of 2b using ethyl triflate leading to
[(OC)sFe{u-CN(Et)Bz}(pu-dppa)Pt(PPH)][OSOLCFR;] (5h) (Scheme 4). Initially, the isomer with an
orientation of the benzyl group towards the Fe({i@ggment and of the ethyl group toward Pt is
formed. NMR monitoring reveals after some hoursafution the appearance of a second set of
signals, whose intensity augments steadily. Affgsraximately 24 h the presence of an isomeric
mixture of 50%5h and 50%5h' can be observed. It seems that now a steady sjataum is
reached, since no further conversion in favor émnisr5h' occurs. Recording théP NMR at 318
and 228K respectively revealed no shift of the B0ratio between the two isomers. After
recrystallization, a crystalline mixture was ob&dnin which5h' is enriched to about 70 %. This
finding allows assigning unequivocally the setsigihals in théH NMR and**P NMR spectra to
the respective isomer (see Experiment. Sectiomestricted rotation around the C-N bond of the
trimetallic cluster [Fgpo-H)(CO)o{ u-CN(Et)i-Pr}] has been evidenced by Howetl al. via NMR
experiments at variable temperature [32]. The is@agon in the case d&dh 2 5h' implies also a
restricted rotation around the C-N bond, theretoescription of the complexes of serteas .-
aminocarbyne complexes is more appropriate thasidering them as dimetallated iminium salts.
In contrast, ethylation of3a resulted in formation of only one isomeric form of
[(OC)(xylyINC)Fe{u-CN(Et)xylyl}( p-dppa)Pt(PP$)] (5i), in which the ethyl group is pointing
towards the PtPRImoiety. The composition of this yellow salt wasahscertained by a FAB
mass spectrum exhibiting an intense peak of thercat m/z 1245, whose experimental isotopic

distribution pattern fits with the simulated one.

As discussed above, addition tdrt-butylisonitrile to 2a yielded exclusively the carbonyl
substitution producBd. In contrast, upon addition of an excesserf-BuNC to 5b no carbonyl
substitution takes place. Instead the Pt-bounds;RRjand is replaced bytert-BuNC in a
regioselective manner to give [(QER{u-CN(Me)Bz}(u-dppa)Pt(CNBW][BF4] (5€) (Scheme 5).
3P NMR monitoring revealed that within 15 min quéattive formation ofe occurs as evidenced
by the observation of two doubletsé@t 125.5 andd = 45.9 with &"3J(P-P) coupling of 152 Hz
along with a broad hump & -1.7 due to the liberated PPHhn an analogous manndic reacts
guantitatively withtert-BuNC to give the mixed isonitrile sdif bearing both a Fe-bound and a Pt-
bound terminal CNR ligand. The composition of th&low salt, whos€’P NMR spectrum is
depicted in the SI (Figure S3), was furthermoreegianed by FAB mass spectrometry showing as
most intense peak that of catiomafz1054. The isotopic distribution of the experiméstzectrum
matches perfectly with the simulated one.

The nucleophilic trialkylphosphite ligands are kmovo substitute carbonyl ligands in dinuclear
organometallics[33-35] but there are also some examples of P-@loaureactions [36-40]. For
example, P(OMe)reacts with the allenyl ligand in [REO)(u-PPh){ p-n':n*(H)C=C=CH}] to
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affords the a,B-unsaturated phosphonate-bridged complex »({F®@)(u-PPh){ - n*:n*
(CH3)C=CH{P=0O(OMe}}}]. However, when reactingba with P(OMe}, exclusively PPh
substitution occurred yielding exclusively [(QEE{u-CN(Me)xylyl}( u-dppa)Pt{P(OMe3}|[BF 4]
(5f). The®'P NMR spectrum (shown in Figure S4) exhibits a deubf doublets ab 141.9 with a
very strong"J(Pt-P) coupling of 6088 Hz, characteristic for ébBtind P(OMe) ligand. The**Pt
NMR spectrum features the expected ddd patten-2631 withJ(Pt-P) couplings of 6088, 2636
and 69 Hz.
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Scheme 5Site-selective substitution of the Pt-bound PIRjand by L

2.4. Preparation and reactivity of zwitterionic aracarbyne complexes
2.4.1 Preparation of zwitterionic aminocarbyne céexes

Due its slightly acidic character, the N-H groupdppa can be easily deprotonated by bases to
give bis(diphenylphosphanyl)amide. For exampleattrent of dppa with BuLi affords the salt
Li[Ph,PNPPH] [41]. The possibility to deprotonate metal-cooiatied dppa has been demonstrated
for early and late transition metal complexes, el examples are the mononuclear chelate
complexes [Pd(CI)(RRPNPPR)(PEt)] and [CpFe(CO)(PBPNPPR)] [42-45]. Ellermann and
Braunstein have reported on the deprotonation ohdioand heterodinuclear dppa-spanned
complexes [46]. We have communicated several yagosthat deprotonation of the dppa-bridge
of 5a occurs even with mild bases such as KOSilading to the structurally characterized
zwitterionic aminocarbyne complex [(OFr{u-CN(Me)xylyl}(p-PPNPPR)Pt(PPR)] (6a)

[11]. To explore the scope of the reactivity of dbespecies, we prepared a couple of other
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derivatives including examples bearing a termindlRCligand. Thus addition of KOSiMdo a
CH,CI, solution of 5b produces quantitatively the very stable compou@ClzFe{u-
CN(Me)Bz}(p-PhPNPPR)Pt(PPR)] (6b). Like in 63, the resonances in th&Pt and*'P NMR
spectra of6éb are considerably broadened, whereas the resoradnitee Pt-bound PRhigand
gives rise to a well-resolved doublet (See ExpentaleSection). Addition of an excesstedBuNC
to a solution of6a did not lead to a carbonyl substitutiofP NMR monitoring revealed a
quantitative replacement of the Pt-bound PRitoducing [(OCFe{u-CN(Me)xylyl}(u-
PhhPNPPR)Pt(CNBut)] (6¢) (Scheme 7). Similarly, the PPhgand is replaced by addition of a
slight excess of trimethylphosphite to yield [(QER{u-CN(Me)xylyl}( -
PhhPNPPR)Pt{P(OMe)}] (6d). This yellow microcrystalline zwitterionic comple was
alternatively obtained in high vyield by deprotooati of [(OC)Fe{u-CN(Me)xylyl}(p-
dppa)Pt{P(OMeg}][BF 4] (5f) with KOSiMes.
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Scheme 6Preparation of zwitterionic aminocarbyne comple&es

17



The basicity of KOSiMeg is not sufficient to deprotonate the more electich- isonitrile-
substituted complexes [(O£)ylyINC)Fe{u-CN(Et)xylyl}( u-dppa)Pt(PPY]" (5i), however the
addition of KH to a THF solution allows a fast agdantitative conversion to zwitterionic
complex [(OC)(xylyINC)Fe{u-CN(Et)xylyl}( p--PhPNPPRh)Pt(PPRh)] (6€) (Scheme 6).

2.4.2 Preparation of N-alkylated aminocarbyne caawpb

In the presence of an excess ofsCkhe amide function of the deprotonated dppanichaf
6b is readily methylated forming the vyellow salt [(REe{u-CN(Me)Bz} p-
PhPN(Me)PPRIPt(PPH)][l], which coexists according the NMR data as @2® mixture of
isomers7a and7a’ (Scheme 7 and Figure S5). We assume that thissteege of two isomeric
forms is again due to a restricted rotation arotnedC-N bond, as already discussed in the case of

the5h 2 5h' interconversion.
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Scheme 7N-methylation of the zwitterionic aminocarbyne coey#s6.

QuantitativeN-methylation of the P-N-P backbone also occurs atgtation of a solution of
the zwitterionic compleXein the presence of an excess ofsCtd produce [(OCGYxylyINC)Fe{u-
CN(Et)xylyl{ p-PhbPN(Me)PPR}Pt(PPH)][I] (7b). The formation of a
bis(diphenylphosphino)methylamine-bridge was ewvigenhfrom the'H NMR spectrum, which
displays a triplet3J(P-H) = 6.1 Hz) a® 2.45 due to the N-Me group. Compared to the dppa-
bridged derivative [(OG]xylyINC)Fe{u-CN(Et)xylyl}( pu-dppa)Pt(PPH][OSO.CF;] 5i, the N-
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methylation causes a significant low-field shifttbé diphosphine resonancesdtt24.0 and 99.2

ppm, whereas the signal of the RRgand atd 33.0 has the same chemical shift aSiin

2.4.3 Preparation of heterotrimetallic aminocarbycmmplexes

Ellermann has reported that reaction of L{PRNPPh] with PPRAuUCI does not lead to the gold
amide complex [P##N(AuPPR)PPhB], but to formation of the dinuclear species [AufPBN].

with dissociation of triphenylphosphine [47a].

Irontrast, the lithiated chelate complexes

Li[(OC)sM(PPNPPR)] (M = Cr, Mo, W) have been converted to the hed@ruclear compounds
[(OC)sM{Ph,PN(AuPPR)PPR}] [47b]. This intrigued us whether the zwitteriacncompounds of

type 6 could be used to construct heterotrimetallic caxes$ by reaction with electrophilic coinage

metal salts. Initial attempts to reda with PPRAUCI were not straightforward, but usimg situ

generated [AUPRHOSO,CF;] allowed the isolation of the heterotrinuclear dyaimide complex
[(OC)sFe{u-CN(Me)xylyl}{ u-PrPN(AUPPR)PPh}Pt(PPh)][OSO,CF;] (8a) in 58% yield in
form of air-stable bright-yellow crystals (Schenje 8
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Scheme 8Preparation of heterotrimetallic aminocarbyne caress.

The structure of the trimetallic core 8& can be deduced from the combination*#- and

19pt-NMR spectra. As encountered in the bimetaliaminocarbyne complexes presented above,
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the 3'P{*H}-NMR spectrum consists of three mutually coupkignals at5 105.6, 87.0 and 34.8,
which are assigned to the iron- and platinum-bodppa nuclei as well as to the Pt-bound £Ph
ligand. The resulting doublet of doublets pattersplitted again by coupling with the RRigand
coordinated on the gold atom & 32.3), so finally the signals appear in formaofioublet of
doublets of doublets. Furthermore, each ddd resenaflanked by*Pt satellites. These Pt-P
couplings are detailed in tHé&Pt{*H} NMR spectrum depicted in Figure 5. Note that daean
accidentally identical magnitude of tH&%J(Pt-P) and*J(Pt-P) coupling of around 66 Hz, the

pattern of the signal centered®at 2618 appears as a doublet of doublets of taplet

14(Pt-P) = 3803 Hz

T

243 (pt.p) = 66 Hz |

1J(Pt-P) = 2690 Hz

| | 4 J(Pt-P) = 66 Hz

| l ‘

8=-2616

Wl

T T T T T T T T T T T T T T T T
-2540 -2560 -2580 -2600 -2620 -2640 -2660 -2680 -2700
PPM

Fig. 5.°%Pt{*H} NMR spectrum of heterotrimetallic compl&ain CDC} at 298 K

Crystal structure of [(OGFe{u-CN(Me)xylylHu-PhPN(AuPPR)PPh}Pt(PPhs)] [OSO.CF4] (84).
Suitable single-crystals &a were grown from CkCI/Et,O. The structure of this salt crystallizing
in the monoclinic space group f#2is shown in Figure 6. The Fe—Pt bond distanc2.4932(6) A

is very similar with that obd. Like in precurso6a, the xylyl group of the aminocarbyne ligand
points towards the sterically less crowded Fe@J¥gment. The N-P—Au array of the gold-amid
fragment is almost linear [N(1)-Au—P(1) = 174.2§(10The bond length of the covalent Au—N(1)
amide bond amounts to 2.053(4) A and may be cordpaith that of the trinuclear complex
[CeHA{NHPPhAU(CsFs)s{N(AuPPh3)PPRBAU(CsFs)s}] 2.096(4) [48]. Also the Au—P(1) distances
are quite comparable in both compounds [2.2213(43).2404(16) A].
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Fig. 6. Perspective view dBa showing the atom-labelling scheme. Hydrogen atbene been omitted for
clarity. Selected distances (A) and angles (°):FE&-4932(6), Fe—P(3) 2.2576(13), Pt—P(2) 2.2930@2
P(4) 2.2730(11), Fe—C(43) 1.781(5), Fe—C(44) 158Me—C(45) 1.793(5), Fe—C(64) 1.929(4), Pt—C(64)
1.987(4), C(64)-N(2) 1.276(5), C(67)-N(2) 1.456(N)2)—C(66) 1.475(5), C(43)-O(1) 1.144(5), C(44)—
O(2) 1.143(5), C(45)-0(3) 1.139(5), P(2)-N(1) 1.891P(3)-N(1) 1.664(3), Au—N(1) 2.053(4), Au—P(1)
2.2212(13); P(3)-Fe—Pt 96.03(4), P(2)-Pt—Fe 94)5&@)—Pt—Fe 157.25(3), P(4)-Pt—P(2) 108.05(4), Pt
C(64)-Fe 79.09(16), C(43)-Fe—Pt 156.70(15), C(4d)yHE 87.49(14), C(45)-Fe—Pt 74.48(14), C(64)—Pt—
P(4) 107.97(13), C(64)-Pt—P(2) 143.97(12), C(64)}F¢8) 146.55(13), N(2)-C(64)-Fe 136.8(3), C(64)—
N(2)-C(67) 121.8(4), C(64)-N(2)—C(66) 124.0(4), P{¥1)-P(2) 122.1(2), Au—N(1)-P(2) 116.61(18),
Au-N(1)-P(3) 121.23(19), N(1)-Au—P(1) 174.26(10).

In a similar manner, the yellow heterotrimetalledtq(OCh(xylyINC)Fe{u-CN(Et)xylyl{ p-
PhhPN(AUPPR)PPh}Pt(PPh)][OSO,CF;] (8b) was obtained by reaction of6e with
[AUPPR][OSO,CF;] (Scheme 8). This yellow compound was charactdrigelR spectroscopy and
multinuclear NMR techniques (Table 3). Noteworthythe!®Pt NMR spectra shown in Figure S6
in the SI. In contrast to the spectrumBaf now 4 distinct Pt-P couplings are present. Tlweethe
resonance centered @t2672 is splitted into a doublet of doublets otidiets of doublets pattern,
with 2"3J(P'-Pt) = 60,%J(P*-Pt) = 81,"J(P*-Pt) = 2774 andJ(P*-Pt) = 3577 Hz. All solution data
match perfectly with those of an X-ray diffractistudy.
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Crystal structure of [(OGIxylYINC)Fe{-CN(Et)xylylHu-
PhPN(AuPPR)PPh}Pt(PPh)][OSO.CF4] 8b

Suitable crystals oc8b-CH,CI, were obtained from CICI/Et,O. The structure of this compound is
presented in Fig. S7 in the Supporting Informatimgether with selected bond length and angles.
Since the overall structures 8b is very reminiscent to that &a, only the most relevant features
are discussed. The Fe—Pt bond distanc8ofs almost identical to that dBa (2.4943(13)vs.
2.4932(6) A). The linear terminal iron-bound iseifét ligand is orthogonal with respect to the
metal-metal bond, the angle Fe—Pt—C(14) being 88.5¢{Vithin the gold-amide fragment, the N—
P—Au array is almost linear [N(2)-Au—P(4) = 176)2]2The bond length of the covalent Au—N(2)
bond amounts to 2.060(6) A, the Au—-P(4) distan@1®2) A. The P(1)-N(2) and P(2)-N(2)
distances of 1.655(7) und 1.672(6) A also match wibse oBa.

Spectroscopic properties 8a.

Many articles concerning the photophysical behavioti platinum complexes bearing
phosphine ligands are reported in the literatur].[4 here are also several reports on the
luminescence properties of gold complexes [50];eoample the Au(l)PRfragment is known to
exhibit luminescence both in the solid state andgotution [51]. It was therefore of interest to
investigate the trinuclear compl&a containing these two heavy metals. The normalizectrenic
absorption and emission spectra recorded inCTHand in the solid state are shown in Figure 7.
Absorption and emission spectral data obtainealutisn and in the solid state are summarized in
Table 2. The absorption spectrum & is dominated by the phosphine and MeXyiyit*
transitions at 247 and 278 nm. After excitatiorB& nm,8a exhibits the emission maximum at
434 nm. This emission band was also observed dthuclear comple%a (Table 2, Fig. S8),
thus confirming that there is no significant cooition of the AuPPhfragments. The emission
intensity of8a in 2-MeTHF (Fig. S9) increases when the tempeeatiecreases and leads to the
conclusion that it is phosphorescence centered han ghosphine ligand as assigned for
[Au(PPhy),][PFe] [50a] or [Cu(PP¥),][BH 4] [52]. After excitation at 380 nm, the emissiorespa
recorded in the solid state for compleXas(Fig. S8) anda (Fig. 7) are similar and show two
bands, a high energy (HE) band around 438 nm aoa anergy (LE) band about 668 nm. The HE
band in the spectra &a and8a observed in solution is assigned to the emisseriered on the
phosphine ligands. The LE band is due either tosgiom from a platinum-based state or to an
excimer present in the solid state. The large Stakeft of this emission is typical of metal-based

states in similar compounds [53].
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in the solid state at 298K (right).

Table 2. Absorption and emission spectral data obtaine&d@nd8a.

Absorption Emission
Complex CH,Cl, at 298 K CH,Cl, at 298 K solid at 298 K 2-MeTHF
AapdNM (S/L mol™* cm'l) Aen/nrr{)\exci,/nm] Aen/NM [)\excilln m] Aem/NM [)\excil/n m]
5a 232 (24150), 277 (sh) (5000) 433[370] 439, 670 [380 -
8a 247 (22760), 278 (23450) 434[370] 436, 667 [380 5[810]

The related trimetallic aminocarbyne complex [(G{)lYINC)Fe{u-CN(Et)xylyl}{ p-
PhPN(CuPPRBPPh}Pt(PPHh)][NO3] (8d) bearing a Cu-N bond was obtained by treatmer@eof
with [Cu(PPR)2][NO3] [54a]. Unfortunately, due to its lability in sdian no satisfying elemental
analysis could be obtained. Thus our tentativectiral proposition fo8d is essentially based on
the 3'P{*H} NMR spectrum recorded at 233 K. This shows tignals atd 105.1 (dd2**J(P-P) =
129 Hz, 3"J(P-P) = 12 Hz), 83.6 (dd?J(P-P) = 12 Hz) for the phosphorous nuclei of the
diphosphine and a triplet at 34.6 for the Pt-boBRd ligand. Two further very broadened signals
atd 9.9 and -0.4 are attributed to the two Cu-bounb;MBands. This broadening could be on the
one hand due to the quadrupole moment of the Gogese®Cu (69% natural abundance) afiu
(31% natural abundance) with | = 3/2. However, upaising the temperature a progressive
broadening, notably that of the high-field signahswvnoticed, which gets shifted towards the
resonance for uncoordinated BRh = -4.5). At ambient temperature, the three lovdfi@gnals of
the Fe-Pt core remain well resolved; in contrastriésonances at10.0 and -2.0 are collapsed to
broad "humps". We therefore suggest a partial diafon of one of the Cu-bound Pfbccurs,
which is slowed down at low temperature. The intetgdion of the NMR data is hampered by the
lability of the Cu-N amide bond. During severakatpts to grow single-crystals, the aminocarbyne
complex [(OC)(xylyINC)Fe{u-CN(Et)xylyl}( p-dppa)Pt(PPH)][NOs]*O=PPhk (5I) has been
isolated, in which a O=PRtigand is attached through a hydrogen bridge endjpa ligand [55,
56]. The coordination of triphenylphosphine oxida & N-H----O-bridge is obvious from the IR-
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and *'P NMR spectra. A broad N-H absorption at 3130'cms well as overtone/combination
vibration at 2667 ci are characteristic for the presence of a hydrdgetye.

We reacted alsd®a with [Cu(AsPh)3;][NO3] [54b] and succeeded to isolate [(QED{u-
CN(Me)xylyl{ p-PrePN(CuAsPB)PPh}Pt(PPh)][OSOCF;] (8c) in 51% yield (Scheme 8).
Whereas the resonances in e NMR spectrum are well-resolved, th&Pt NMR spectrum
exhibits a very broadened doublet of doublet cextatd -2584. According the elemental analysis
obtained for this microcrystalline bright-yellowaaluct, only one AsRHigand is ligated on the
copper atom8c is moderately stable in the solid state, but NMéhitoring reveals that in solution
like in the case 08d progressively rupture of the Cu-N amide bond osayiving [(OCYFe{u-
CN(Me)xylyl}(u-dppa)Pt(PPY][NO3] (5a’). The cleavage produéia’ was also the sole product
which could be isolated when attempting to ré&sotvith [Ag(AsPh)s][NO3] [57].

We also failed to obtain any metallation produtiew reactinga with Me;SnCIl and MePbCl,
only quantitative formation of [(OGFe{u-CN(Me)xylyl}( u-dppa)Pt(PP][CI] was noticed [58].
However, treatment ofa and 6e with MeHgCI afforded the mercurated heterotrinuclaenide
complexes [(OGIL)Fe{u-CN(R)xylyl{ p-PhPN(HgMe)PPBPt(PPh)][CI] 8e(L = CO; R = Me)
and 8f (L = xylyINC; R = Et). Characteristic for these mlish solids is the observation of a
singlet resonance in tHel NMR spectra, whos&)(***Hg-H) couplings of 202.0 and 204.5 Hz are
in the range reported for other methylmercury(it)ides [59].

3. Conclusion and Perspectives

We have demonstrated that the bonding mode (bigdgs terminal) of the CNR ligand in
these dppa-spanned Fe-Pt complexes is governedebgléctronic propensity of the isonitrile. A
strongly donating CNR ligand such as CNBecupies a terminal site on Fe, whereas isorstrile
with a more pronouncenacceptor character prefer a bridging positionoAtse coordination of a
second CNR ligand is electronically controlled gsselectivity). Whereas in the case of
[(OC)Fe(-CN-R)(u-dppa)Pt(PPY)] (2) a Fe-bound carbonyl is substituted to give
[(OC)(RNC)Fe(1-CN-R)(u-dppa)Pt(PP#)] (3), the addition of CNR to the aminocarbyne
complexes [(OGFe{u-CN(R)R'}(u-dppa)Pt(PP¥)]" leads exclusively to substitution of the Pt-
bound PPhligand. The cationic aminocarbyne salts [(O)Fe{u-CN(R)R’}(u-dppa)Pt(PP¥]"
(5 R’ = Me, Et), which are conveniently prepared Kyalkylation using [MeO][BF,] or ethyl
triflate, are readily deprotonated by bases todytee zwitterionic aminocarbynes [(OQ))Fe{u-
CN(R)R'} u-PhPNPPR)Pt(PPR)] (6). These latter in turn can be converted to hetenetallic
species byN-metallation using [AuPRK, [CuPPRh]", [CuAsPh]* and CIHgMe as electrophiles.
We are currently investigating the reactivity ofesle p-aminocarbyne complexes towards

unsaturated molecules such as alkenes and alkgn€s@ coupling reaction$0].
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Table 3. Selected'P{"H}- and **Pt{*H} NMR data @ in ppm and) in Hz) at 298K, in CDGl

Complex  3(PY 3(F) 3P  TRIP-PY); JA(P-PY); CI(P-PY); 3(*Pt)
L(Pt-P); "J(Pt-P); “I(Pt-P)

2c 113.8 dd 88.7 dd 38.8dd  175; 45; 9; 2897; 4275; 42 -2690 ddd
2d 112.8 dd 88.2 dd 37.8dd 170; 40; 10; 2862; 4267; 4 -2969 ddd
2e 112.1 dd 87.8 dd 37.2dd  164; 40; 10; 2830; 4278; 4 -2680 ddd
2f 114.4 dd 89.0 dd 37.7dd  180; 45; 8; 2891; 4297; 48 -
2f 118.0d 92.8 dd 42.1d  213;62; ND; ND; ND; ND -
29 117.9d 93.3 dd 41.7d  212; 62; ND; 2868; 4628; ND  -2544 ddd
3b 113.3 dd 88.5 dd 38.3dd 184; 58; 10; 2956; 4112; N -
3c 113.9 dd 88.8 dd 39.1dd 185; 54; 10; 2950; 4188; N -
3d 112.8 dd 89.8 dd 41.3dd 195;59; 8; 2973; 4132; ND -
4 114.4 dd 80.3 dd 30.0dd 158; 32; 10; 3375; 4050; 4 -3102 ddd
5b 102.7 dd 80.6 dd 34.6dd 100; 9; 13; 2808; 3793; 72 -2715 ddd
5¢c 104.6 dd 81.3 dd 33.7dd  110; 18; 14; 2963; 3666; 7 -2809 ddd
5d 103.1 dd 82.2 dd 34.3dd 114;19; 13; 2981; 3603; 6 -2836 ddd
5e 125.5d 45.9 d 152; 3920; ND —~
5f 102.7 dd 79.8dd  141.9,dd 106; 10; 19 2636; 6688; -2631 ddd
59 108.1d 77.1d 119; 2876; 82 -2587 dd br
5h 102.1 dd 80.2 dd 34.6dd 100; 7; 13; 2819; 3802; 71 -
5h’ 101.7 dd 79.8 dd 33.5dd 100; 7; 13; 2811; 3781; 71 -
5i 103.8 dd 81.5 dd 33.2tr  109; 17; 2924; 3590; 72 7912ddd
6b 86.6 dd br 72.0d 35.9d  129; 14; ND; 2521, 3748 47edd br
6¢c 103.7dbr  77.0dbr 112; ND, 2730 -
6d 87.9 dd 70.4 dd 145.9dd 131; 11; 18; 2374; 6019; 6 -2440 dd
6e 85.4 br 70.7 d br 34.9dd 136; 15; 9; ND; 3452; ND -
7a 121.8 dd 97.8 dd 342t  121;12;12;2876;3858; ND  -2758 ddd
7a’ 121.8 dd 97.5 dd 329t  121;11;12;2876;3821;ND  -2789 ddd
7b 124.0 dd 99.2 dd 33.0dd  130; 19; 13; 2985; 3694; 7 -2834 ddd
8’ 105.6ddd  87.0ddd  34.8ddd 115; 7; 13; 2689; 3608; -2618 ddt
8b° 106.4 ddd ~ 87.7 ddd 33.8dt 125;13; 15; 2774; 3607; -2672 dddd
8¢c 101.9 dd 83.7 dd 35.6dd 121;5;12; 2819; 3819; 69 -2584 dd, br
8d° 105.1 dd 83.6 dd 346t  129;12; 12; 2754; 3568; ND
8¢” 102.5 dd 80.7 dd 343t  102; 11; 9; 2834; 3813; 70 —~
8f 109.0d br  84.9d br 33.7t  102; 14; ND; 3584; N -

P' = P; P = P; PP = PR. ND = Not determined at 243 K"5 (PPhy,) = 32.3, “q",J(P-P) = 5 Hz J(Pt-
PPhy) = 68 Hz.% (PPhy,) = 32.5, “q”,J(P-P) = 5 Hz J(Pt- PPhy,) = 81 Hz% (PPhcy) = 9.9, s; -0.4, s,
br.%d at 253 K.
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4. Experimental

All reactions were performed in Schlenk-tube flaskder purified nitrogen. Solvents were dried
and distilled under nitrogen before use, toluene bexane over sodium, dichloromethane from
P,O10. — IR spectra have been recorded on a Nicolet 8ldX0 spectrometer. - Elemental C, H, N
analyses were performed on a Leco Elemental Anal@$tN 900. - The'H and*'P{*H} NMR
spectra were recorded at 313.13 and 121.50 MHzectisely, on a Bruker Avance 300
instrument, or on a Bruker ACP 200 machine (20Gt8 81.01 MHz). Thé*Pt{*H} chemical
shifts were measured on a Bruker ACP 200 instrur@®n®5 MHz) and externally referenced to
K2PtCl, in water with downfield chemical shifts reported@ssitive. NMR spectra were recorded
in CDCl, unless otherwise stated. The reactions were giiyenonitored by IR spectroscopy in
the v(CO) region. The isocyanides and alkylating agevese obtained commercially from Alfa
Aesar or Aldrich. Dppa and 1,2-bis(2-isocyanophgfethane wer prepared as described in the
literature [61].

4.1 Preparation of [(OCyFe(u-CN-R)u-dppa)Pt(PPR)] (2)

To a solution of [(COFe(-CO)u-dppa)Pt(PP] (202 mg, 0.2 mmol) in CKCl, (5 ml) was
added dropwise one equivalent of the respectivaitrde, dissolved in CHCIl, (5 ml). After
stirring for 20 min. at ambient temperature (CCeask), the clear orange-red solution is reduced
and the products were precipitated by slow addibbrhexane. The yellow to orange-colored
products are obtained analytically pure with yielaisging from 75 to 95%.

2c [(OC)Fe(-CN-Bz)(u-dppa)Pt(PPY]: Anal. Calcd. for GzHisFeNOsPsPte0.5CHCI,
(1099.79+42.46): C, 55.68; H, 3.76; N, 2.45. Fou@d55.77; H, 3.77; N, 2.26 %. IR (GEl,):
v(CO) 2002 m, 1934 v,(C=N): 1684 m, br; (KBry(NH) 3276 w,v(CO) 2001 m, 1933 s, 1920 s,
v(C=N) 1678 m, br cm. *H NMR: & = 4.87 (s, 2H, Cb), 5.00 (m, br, NH3J(Pt-H) = 89.2 Hz),
6.56—7.63 (m, 40H, Phenyl).

2d [(CO)Fe{u-CN-CH,C(=0O)OMe}(u-dppa)Pt(PPH)]: Anal. Calcd. for
CyoH41FeNOsP3Pte0.5CHCI, (1081.73+42.46): C, 52.89; H, 3.77; N, 2.49. Fou@d 53.01; H,
3.72; N, 2.26 %. IR (ChCl,): v(CO) 2006 m, 1940 vs, 1923 sHC=0) 1750 w, bry(C=N) 1676
m, br cm'. 'H-NMR: & = 3.65 (s, 3H, OC}), 4.42 (s, 2H, Ch), 4.97 (m, br, NH3J(Pt-H) = 90.0
Hz), 7.06—7.60 (m, 35H, Phenyl).

2e [(CO)yFeE-CN-CH,SOp-Tol)(u-dppa)Pt(PPH)]: Anal. Calcd. for
Cs4H4sFeN,OsP3PtSe1.5CHCI, (1177.92+127.39): C, 51.02; H, 3.68; N, 2.14. Fbud, 51.48; H,
3.86; N, 2.37 %. IR (CkCl,): v(CO) 2009 m, 1940s, 1922 si(C=N) 1648 m, br; (KBry(NH)
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3250 w,v(CO) 1990 m, 1926 s, 1918\{C=N) 1642 m, br cm. *H NMR: 3 = 2.17 (s, 3H, C¥),
4.88 (s, 2H, Ch), 4.92 (m, br, NH3J(Pt-H) = 88.2 Hz), 6.74-7.63 (m, 39H, Aryl).

2f  [(CO)Fe(-CN-Bun)(u-dppa)Pt(PP§)]: Anal. Calcd. for GoHssFeN.OsPsPteCH,Cl,
(1065.77+84.93): C, 53.23; H, 4.18; N, 2.43. FouBd53.31; H, 4.41; N, 2.59 %. IR (GEl.):
v(CO): 1988 vs, 1931 v§(C=N) 1694 m, br cih. 'H-NMR (243 K): & = 0.64-1.57 (m, 9H, Bu),
4.99 (m, br, NH3J(Pt-H) = 94.0 Hz), 6.97—7.40 (m, 35H, Phenyl).

29 [(CO)Fe(-CN-Bu+ert)(u-dppa)Pt(PPY)]: Anal. Calcd. for GoHssFeN:OsPsPte2CHCI,
(1065.77+169.87): C, 50.55; H, 4.00; N, 2.27. Foudd50.36; H, 4.18; N, 2.57 %. IR (KBr):
v(NH) 3303 w,v(CN) 2123 sy(CO): 1950 s, 1909 vs, 1735 m ¢nH-NMR (263 K):8 = 1.25 (s,
9H, 'Bu), 4.98 (m, br, NH3J(Pt-H) = 89.0 Hz), 6.90-7.70 (m, 35H, Phenyl).

4.2 Preparation of [[OC)YRNC)Fef+CN-R)(~dppa)Pt(PPh)] (3):

The preparation was similar to that of se@agactingl with 2 equivalents of CNR or by reacting
2 with a further equivalent of the respective CNgaifid.

3a [(OC)(xylyINC)Fe(u-CN-xylyl)(u-dppa)Pt(PPY)]: Anal. Calcd. for GyHssFeNsO,PsPt
(1216.98): C, 61.19; H, 4.47; N, 3.45. Found: C261H, 4.55; N, 2.89 %. IR (KBru(CO) 1943
s, 1908 sy(CN) 2092 my(C=N) 1651 m, br ci. *H-NMR: 8 1.82 (s, 6H, Xylyl-Me), 2.09 (s, 6H,
Xylyl-Me), 5.27 (m, br, NH3J(Pt-H) = 101 Hz), 6.89-7.65 (m, 41H, Aryl).

3b [(OC)(BzNC)Fe(1-CN-Bz)(u-dppa)Pt(PPJ)]: Anal. Calcd. for GoHsoFeNsO,.PsPte1.5CHCI,
(1188.98+127.39): C, 56.12; H, 4.03; N, 3.19. Foudd56.79; H, 4.25; N, 3.27 %. IR (GEl):
v(CO) 1930 s, 1878 §(CN) 2157 my(C=N) 1653 m; (KBrv(NH) 3311w,v(CO) 1931 s, 1878 s,
V(CN) 2157 my(C=N) 1652 m crit. *H-NMR: & = 3.69 (s, 2H, C®#N=C), 4.89 (s, 2H, CHNC),
6.75 (m, br, NH3J(Pt-H) = 89.2 Hz), 7.01-7.28 (m, 45H, Phenyl).

3¢ Anal. Calcd. for GoHsgFeNsO4PsPt (1218.91): C, 59.12; H, 3.97; N, 3.45. Found5€.38; H,
4.12; N, 3.56 %. IR (CkCly): v(CO) 1953 vs, 1912 s)(CN) 2093 m,v(C=N) 1654 m; (KBr):
v(NH) 3420 w,v(CO) 1948 vs, 1909 )(CN) 2154 w, 2092 my(C=N) 1653 m crit. *H-NMR
(302 K): & = 3.86-4.55 (m, br, 4H, OGHCH,0), 5.86 (m, br, NH3J(Pt-H) = 89.2 Hz), 6.60—7.70
(m, 43H, Aryl).

3d [(OC)(tert-BUNC)Fe(u-CN-xylyl)(u-dppa)Pt(PP$)]: This very labile product was only
characterized in situ by IR spectroscopy and imatetyi treated with [MgO][BF,] to give stable
5d. IR (CH,Cl,): v(CO) 1946 vs, 1899 §(CN) 2122 my( C=N) 1652 m cr.
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4.3 Preparation of [(OC)o-anisyINC)Fef-SG)(1-dppa)Pt(PPR)] (4): SO, is bubbled for 3 min
into a solution of2b (111 mg, 0.1 mmol) in CKCl, (5 ml). After 10 further min. under SO
atmosphere, the solvent is removed under reducessyre and the residue recrystallized from
CH.CI/Et,O. The product has been isolated in form of oraz@ered plate-like crystals. Yield: 87
mg; 62%.Anal. Calcd. for GH43FeN,OsP3PtS+0.5CHCI, (1151.84+42.47): C, 52.80; H, 3.71; N,
2.35. Found: C, 53.08; H, 3.84; N, 2.22 %. IR (KB(CN) 2125 my(CO) 1982 s, 1942 s ¢h'H
NMR: & = 3.49(s, 3H, OCH), 5.15 (m, br, NH3J(Pt-H) = 92.0 Hz), 6.60-7.71 (m, 39H, Aryl).

4.4, Preparation of [[OC)L)Fe{u-CN(R)R}u-dppa)Pt(PPB)]* (5) :

A solution of the isonitrile complex (0.1 mmol) @H,Cl, (5 ml) is treated with two equivalents of
[Me3O][BF4] or EtOSQCF;. After stirring for 3-4 h at ambient temperatued], volatiles are
removed under reduced pressure and the yellowuegidsed with ether and then dried under
vacua The yields are almost quantitative. If necessaagsystallization is done from GBI,/Et,0.

5b [(OC)Fe{u-CN(Me)Bz}(u-dppa)Pt(PPY][BF4]: Anal. Calcd. for
Cs4H46BF4FEeNO3P5Pte0.5CHCI, (1201.63+42.47): C, 52.62; H, 3.80; N, 2.25. Fou@d52.58;
H, 3.82; N, 2.34 %. IR (C¥Cl,): v(CO) 2038 m, 1978 vsj(C=N) 1568 m,br; (KBr)v(NH) 3216
w, v(CO) 2032 m, 1970 vs, 1955 s{CN) 1572 w crit. *H NMR: 8 = 2.61 (s, 3H, NCh), 5.54 (s,
2H, CH-N=C), 6.16 (m, br, NH3J(Pt-H) = 92.0 Hz), 7.15-7.46 (m, 40H, Phenyl).

5c. Anal. Calcd. for GHs:BF4FENsO4PsPteELO*CH,Cl, (1320.75+74.12+84.93): C, 53.57; H,
4.29; N, 2.84. Found: C, 53.68; H, 4.03; N, 3.0418%.(KBr): v(NH) 3230 w, br,v(CN) 2108
s, V(CO) 1982 s, 1942 $(C=N) 1528 w crit. '"H NMR: & = 3.01 (s, 3H, NCH), 4.19-4.74 (m, 4H,
OCHy), 5.70 (m, br, NH3J(Pt-H) = 103.0 Hz), 5.81-7.56 (m, 43H, AnYiiC{*H} NMR: & 315.7
(ddd, p-C, 2J(P-C) = 79,2)(P-C) = 16,2)(P-C) = 3 Hz), 212.9 (dd, 2 FeC&(P-C) = 253J(P-C) =

8 Hz), 210.5 (d, 1 FeCBJ(P-C) = 8 Hz), 169.4 (dd, FeCRJ(P-C) = 30,2J(P-C) = 7 Hz), 113.9-
153.7 (m, Aryl), 68.2 (s, OCHl 67.3 (s, OCH), 52.4 (m, br, NCHhH).

5d [(OC),(tert-BuNC)Fe{u-CN(Me)xylyl}(u-dppa)Pt(PPY][BF4]: Anal. Calcd. for GgHs/B
F4FeNsO,P;PteELO0.5CHCI, (1270.80+74.12+42.47): C, 54.97; H, 4.94; N, 3Raund: C,
54.98; H, 4.60; N, 2.77 %. IR (KBri(NH) 3231 w, bry(CN) 2148 sv(CO) 1980 vs, 1937 s,
v(C=N) 1539 w crit. '"H NMR: & = 0.78 (s, 9H!Bu), 2.22 (s, 3H, Xylyl-Me), 2.37 (s, 3H, Xylyl-
Me), 2.85 (s, 3H, NCHJ, 5.98 (m, br, NH3J(Pt-H) = 104.0 Hz), 7.20-7.86 (m, 38H, Aryl).

5e [(OC)Fe{u-CN(Me)Bz}(u-dppa)Pt(CNBW][BF4: Anal. Calcd. for GoHioBFiFeNsOsP.Pt
(1130.57): C, 53.12; H, 3.57; N, 3.72. Found: C962H, 3.81; N, 3.42 %. IR (Gi&l,): v(CN)

28



29

2138 sv(CO) 2001 s, 1993 s, 1921 w§C=N) 1568 m,br; (KBr)v(NH) 3216 w,v(CO) 2032 m,
1970 vs, 1955 sty(CN) 1577 w crit.

5f [(OC)sFe{u-CN(Me)xylyl}( u-dppa)Pt{P(OMej}][BF 4]: To a solution of5a (0.1 mmol) in
CH.Cl, (5 ml) is added P(OMg)38 mg, 0.3 mmoljt room temperaturé’P NMR-monitoring of
the reaction mixture reveals a quantitative coniearsAfter 1 h, the yellow solution is reduced to 2
ml and layered with Ether. In the course of sevdegls, yellow crystals are formed at 5°C. Yield:
(75 mg, 65%). Anal. Calcd. for,gH4,BFsFeN,OPsPteELO (1077.44 + 74.12): C, 45.89; H, 4.55;
N, 2.43%. Found: C, 45.77; H, 4.35; N, 2.20. IR (KB/(NH) 2830 m, br, 2610 m, bk(CO)
2030m, 1962 vsy(CN) 1557 m crit. 'H-NMR: & 2.37 (s, 6H, Xylyl-Me), 3.44 (d, 9H, P(OMg)
3J(P-H) = 13.0 Hz), 3.89 (s, NMe), 7.29-8.30 (m, 23tdyl), 10.50 (m, br, NH3J(Pt-H) = 85 Hz).

5g : Anal. Calcd. for GgHisBFsFeN,O4P.P1(1141.59): C, 50.50; H, 3.97; N, 4.91. Found: C680
H, 3.83; N, 4.77 %. MS (FABNBA-matrix): 1054 M' (25%).IR (CH,Cl,): V(CN) 2213 m, 2145
vs,V(CO) 1990 vs, 1950 §(C=N) 1538 w crit.

5h and 5h [(OC)Fe{u-CN(Et)Bz}(u-dppa)Pt(PPY][OSO,CK;]: Anal. Calcd. for
Cs7H4sFsFeNOsPsPtS(1277.92): C, 52.63; H, 3.78; N, 2.19. Found: C6%32H, 3.78; N, 2.27 %.
IR (CH,Cl,): v(CO) 2036 m, 1976 vs)(C=N) 1555 w crit. 5h *H-NMR: & = 0.37 (t, 3H, Cht
CHa, 2J(H-H) = 7.1 Hz), 3.13 (q, br, 2H, GHCHs, 2J(H-H) = 7.1 Hz), 5.55 (s, 2H, NGH) NH
signal ND, 7.15-7.46 (m, 40H, Phenydh’ 'H-NMR: & = 1.39 (t, 3H, CHCHs, *J(H-H) = 7.1
Hz), 4.09 (q, br, 2H, CHCHa, 3J(H-H) = 7.1 Hz), 4.43 (s, 2H, NG NH signal ND, 7.15-7.46
(m, 40H, Phenyl).

51 [(OC)(xylyINC)Fe{u-CN(Et)xylyl}( p-dppa) Pt(PPY][OSO,CF;]: Anal.  Calcd. for
CesHsoF3sFeNsOsPsPtS(1395.17): C, 55.96; H, 4.26; N, 3.01. Found: C435H, 4.10; N, 2.87 %.
(FABt/NBA-matrix): 1245 M (90%), 1189 M - 2 CO (36%)IR (KBr): v(NH) 3240 w, bry(CN)
2121 sv(CO) 1972 vs, 1937 $(C=N) 1510 w crit. *H NMR: & = 0.22 (t, 3H, CH-CHs, 3J(H-H)

= 7.0 Hz), 1.86 (s, 6H, Xylyl-Me), 1.93 (s, 3H, @H2.21 (s, 3H, Xylyl-Me), 3.40 (m, br, 1H,
CH,"-CH3), 3.62 (m, br, 1H, Cbf-CHs), 6.08 (m, 1H, NH2J(Pt-H) = 102.0 Hz), 6.75-7.96 (m,
41H, Aryl).

4.5, Preparation of [(CO)LFe{t-CN(R"R}-Phb,PNPPRh)Pt(PR';)] (6)— To a solution ob (0.5
mmol) in THF (10 ml) are added 3 mmol KOSiMar KH. After stirring for 30 min., all volatiles
are removed under reduced pressure and the yedlsiue extracted with B (2 x 10 ml). The
combined extracts are concentrated and the yellmslyets precipitated by addition of hexane.

After dryingin vacuqg compounds$ are obtained in analytical pure form. Yields: &34@
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6b  [(OC)hFe{u-CN(Me)Bz}(u-PrPNPPR)Pt(PPR)]: Anal. Calcd. for GsHssFeNO3PsPt
(1113.82): C, 58.23; H, 4.07; N, 2.52%. Found: 8.18; H, 4.25; N, 2.37. IR (KBr)(CO) 1996
m, 1936 vs, 1922 §(CN) 1550 m crit. *H NMR: & = 2.40 (s, 3H, NCH), 5.41 (s, 2H, CKN=C),
7.08-7.87 (m, 40H, Phenyl).

6¢ [(OC)Fe{u-CN(Me)xylyl}( u-PrPNPPR)Pt(CNBu4t)]: To a solution o6a (113 mg, 0.1 mmol)
in 4 ml of CHCIl, were added via microsyringe 4 eq. of CNBWfter stirring for 30 min., the
solution was reduced to 1 ml. After addition of b @h hexane a yellowish powder precipitated,
which was dried underacua 6¢ was characterized only spectroscopically. IR (KB(CO) 2010
m, 1940 vsy(CN) 2190 s crit. 'H NMR: 8 1.46 (s, 9H{-Bu), 2.18 (s, 6H, Xylyl-Me), 7.10-7.78
(m, 23H, Aryl).

6d [(OC)sFe{u-CN(Me)xylyl}( u-PhPNPPR)Pt{P(OMe)}]: Anal. Calcd. for GoHsFeN.OgPsPt
(989.63): C, 48.55; H, 4.18; N, 2.83%. Found: C988H, 4.37; N, 2.60. IR (KBr}(CO) 2006 m,
1937 vsy(CN) 1533 m crit. *H NMR: 8 2.21 (s, 6H, Xylyl-Me), 3.40 (d, 9H, P(OGH3J(P-H) =
13.2 Hz), 3.66 (s, NMe), 7.11-7.82 (m, 23H, Aryl).

6e  [(OC)y(xylyINC)Fe{u-CN(Et)xylyl}( u-PhPNPPR)Pt(PPR)]: Anal. Calcd. for
Cos4HsgFeNsO,P3Pte0.5CHCI, (1244.74 + 42.47): C, 60.17; H, 4.62; N, 3.26%urkth C, 60.33; H,
5.09; N, 3.21. IR (KBr)v(CN) 2097 sy(CO) 1956 vs, 1922 s(CN) 1587 w crit. H-NMR: &
0.16 (t, 3H, CH-CHa, 3J(H-H) = 7.0), 1.69 (s, 6H, Xylyl-Me), 1.94 (s, 3Mylyl-Me), 2.31 (s, 3H,
Xylyl-Me), 3.28 (m, br, 1H, Ckf*-CHs3), 3.48 (m, br, 1H, CbP-CHs), 6.74-7.86 (m, 41H, Aryl).

4.6. Preparation of [(COLFe{t-CN(R")RH-Ph,PN(Me)PPR}Pt(PPhs)] (7) — A solution of6
(0.2 mmol) in CHCI, (6 ml) is treated with an excess of £ldnd stirred for 6 h in the dark. After
reduction of the volume to 3 ml, the yellow prodiscprecipitated by addition of #» and dried in
vacua Yields: 70-72%.

7a and 7a [(OChFe{u-CN(Me)BzH pu-PhPN(Me)PPhIPt(PPH)][l]: Anal. Calcd. for
CssHagFelN,OsPsPt (1255.76): C, 52.61; H, 3.85; N, 2.23%. Found52.79; H, 3.72; N, 2.35. IR
(KBr): v(CO) 2034 m, 1970 vsj(CN) 1571 m crit. (FABt/NBA-Matrix): 1129 M (78%), 1101
M* - CO (38%).7a'H-NMR: & = 2.40 (d, 3H, ENCHs, 3J(P-H) = 4.9 Hz), 2.58 (s, 3H, NGN
5.47 (s, 2H, CRN=C), 6.31-7.59 (m, 40H, Pheny®a’ H-NMR: & = 2.40 (d, 3H, ENCHjz, 3J(P-
H) = 4.9 Hz), 3.71 (s, 3H, NG 4.39 (s, 2H, CiN=C), 6.31-7.59 (m, 40H, Phenyl).

7b  [(OC)(xylyINC)Fe{u-CN(Et)xylyl{ u-PhPN(Me)PPhIPt(PPR)][l]: Anal. Calcd. for
CesHs1FeINsO,PsPt (1386.98): C, 56.29; H, 4.43; N, 3.03%. Found5€&65; H, 4.82; N, 2.85. IR
(KBr): v(CN) 2126 sy(CO) 1980 vs, 1945 s)(CN) 1516 m crit. *H NMR: & 0.28 (t, 3H, Ch
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CHs, 3J(H-H) = 7.0 Hz), 1.33 (s, 3H, Xylyl-Me), 2.03 (sH6Xylyl-Me), 2.28 (s, 3H, Xylyl-Me),

2.45 (t, 3H, NMe2J(P-H) = 6.1 Hz) 3.21 (m, 1H, GA-CHs), 3.64 (m, 1H, ChP-CHs), 6.84-7.79
(m, 41H, Aryl).

4.7. Preparation of [(OCGFe{t-CN(Me)xylylHu-PloPN(AuPPR)PPh}Pt(PPhs) [OSO.CF;] (8a)

A solution of [AuCIPPH| (109 mg, 0.22 mmol) in C¥Cl, (6 ml) is reacted with an equivalent
amount of silver triflate and then filtered aftdr. ZAfter addition of6a (226 mg, 0.2 mmol) and
stirring for 1h, the solution is layered with,€t During the course of several days, yellow cigsta
of 8a are formed. Yield: (211 mg, 58%). Anal. Calcd. ©ysHgsAUFFEN,OsP4PtSeCHCI,
(1736.17 + 84.93): C, 49.47; H, 3.54; N, 1.54%. ebuC, 50.00; H, 3.91; N, 1.40. IR (KBr):
v(CO) 2021 m, 1962s vs, 1942 sCN) 1544 w crit. *H NMR: 8 2.31 (s, 6H, Xylyl-Me), 2.85
(s, 3H, NMe), 6.81-7.51 (m, 53H, Aryl).

4.8. Preparation of [(OCY(xylyINC)Fe{u-CN(Et)xylylHu-
PhPN(AUPPR)PPh}Pt(PPHhs)][OSO,CF3] (8b) — This compound was prepared in a similar
manner. Yield: (233 mg, 60%). Anal. Calcd. fogsl@;3AuFsFeNsOsP,PtSeCHCI, (1853.37 +
84.93): C, 52.05; H, 3.90; N, 2.17%. Found.: C831H, 3.96; N, 1.90. IR (KBr): v(CN) 2115 s,
v(CO) 1971 vs, 1936 vs(CN) 1509 w crit. *H-NMR: & 0.28 (t, 3H, CH-CHs, 3J(H-H) = 7.1),
1.95 (s, 6H, Xylyl-Me), 2.00 (s, 3H, Xylyl-Me), 214(s, 3H, Xylyl-Me), 3.41 (m, 1H, CA-CHj),
3.56 (m, 1H, ChHP-CHj3), 6.79-7.89 (m, 56H, Aryl).

4.9. Preparation of [(OC)Fe{u-CN(Me)xylyl{-PhPN(CuAsPBPPh}Pt(PPHs)][OSO.CF (80)

— To a solution of6a (226 mg, 0.2 mmol) in C¥Cl, (6 ml) is added an equivalent amount of
[Cu(AsPh)3][NO3]. After 1h the solution is filtered, layered wiltt,O and kept in a refrigerator. In
the course of several days, yellow crystal8oére formed. Yield: (185 mg, 51%). Anal. Calcd. for
Cr3He2ASCUFeNOgPsPteCH,CI, (1736.17 + 84.93): C, 54.04; H, 3.93; N, 2.56%uiith C, 53.21;
H, 4.26; N, 2.94. IR (KBr)v(CO) 2013 m, 1950s vs, br(CN) 1543 w crit. *H NMR: 3 2.31 (s,
6H, Xylyl-Me), 2.82 (s, 3H, NMe), 6.91-7.54 (m, 53RAiryl).

4.10 Preparation of [(OCFe{u-CN(Me)xylylHu-Ph,PN(HgMe)PPRB}Pt(PPH)]CI (8€) - To a
solution of6a (113 mg, 0.1 mmol) in CKCl, (5 ml) is added MeHgCI. After 1h the solution is
filtered, layered with ED and kept in a refrigerator. In the course of sg@vieours, yellowisi8e
precipitates. Yield: (211 mg, 43%). Anal. Calcd: @Hs,HgCIFeNOsPsPt (1391.01): C, 48.47;
H, 3.35; N, 2.01%. Found: C, 49.00; H, 3.11; N,01.8R (KBr): v(CO) 2021 m, 1962s vs, 1942
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sh,v(CN) 1544 w crit. 'H NMR: 3 0.99 (s, 3H2J(***Hg-H) = 204.5 Hz), 2.19 (s, 6H, Xylyl-Me),
2.76 (s, 3H, NMe), 6.71-7.58 (m, 38H, Aryl)

4.11 Preparation of [(OCFe{t-CN(Et)xylyl{u-Ph,PN(HgMe)PPRPt(PPh)][CI] (8f). This
compound was prepared in a similar manner by aatdif MeHgCI to a CKCl, solution of6e.
Anal. Calcd. for GsHe:CIHgFeNsO,PsPt (1496.11): C, 52.18; H, 4.11; N, 2.81%. Found5C76;
H, 3.81; N, 2.60. IR (CbCl,): V(CN) 2121 sy(CO) 1977 vs, 1942 s ¢l'H NMR: 8 0.30 (t, 3H,
CH,-CHs, 3J(H-H) = 7.2), 0.92 (s, 3HJ(***Hg-H) = 202.0 Hz), 1.88 (s, 6H, Xylyl-Me), 1.95 (s,
3H, Xylyl-Me), 2.30 (s, 3H, Xylyl-Me), 3.32 (m, 1HGH,"*-CHs), 3.62 (m, 1H, ChP-CHs), 6.80-
7.88 (m, 41H, Aryl).

4.12.Crystal structure determinations

Data of 5d and 8b were collected on a Siemens Stoe AED2 diffractemeting graphite-
monochromated Mo K radiation 4 = 0.71073 A) The intensities were collected usigd scans,
and the intensities of three standard reflectiargch were measured after every 90 min, remained
stable throughout the data collection. The int&sitvere corrected for Lorentz and polarization
effects. An empirical absorption correction basedheW-scans of three reflections was employed.
Data of3b and 5b were collected on a Stoe IPDS diffractometer ugrgphite-monochromated
Mo Ka radiation @ = 0.71069 A). The intensities were determined amuected by the program
INTEGRATE in IPDS (Stoe & Cie, 1999). An empiriabsorption correction was employed using
the FACEIT-program in IPDS (Stoe & Cie, 1999). Dat&2c and8a were collected on a Oxford
Diffraction Xcalibur S diffractometer with graphitaonochromated Mo-Kradiation £ = 0.71073
A). The built in programs were used for data cditet (CrysAlis CCD) and cell refinement, data
reduction and multi-scan absorption correction §a#is RED) [62]. The structures were generally
solved by direct and Fourier methods using SHELXS63]. For each structure, the non-hydrogen
atoms were refined anisotropically. The H-atomsen@aced in geometrically calculated positions
and fixed to isotropic displacement parametersdasea riding-model except for the NH atom in
2¢, which was refined independently. Refinement @& $tructures was carried out by full-matrix
least-squares methods based~ghusing SHELXL-97 [63]. In the crystal &a the triflate anion is
disordered, but only one position was refined. Ehgstallographic data for each complex are
gathered in Table 5 and S1. CCDC 1031986),(1031961 8b), 1031962 %b), 1031963 %d),
1031964 8a), contain further supplementary crystallographatador this paper. These data can be
obtained free of charge from The Cambridge Crysgaiiphic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif.
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Fig. S1. Perspective view of 2¢ showing the atom-labelling scheme. Hydrogen atoms and the
CH,Cl, molecule have been omitted for clarity. Selected distances (A) and angles (°): Fe—Pt
2.5425(4), Fe-P(1) 2.2087(8), Pt-P(2) 2.2924(7), Pt-P(3) 2.2550(7), Fe—C(1) 1.795(3), Fe—-C(2)
1.758(3), Fe—C(3) 1.790(3), Fe—C(46) 2.023(3), Pt—C(46) 1.993(3), C(46)-N(2) 1.233(3), C(47)-
N(2) 1.465(3), C(1)-0O(1) 1.141(3), C(2)-0O(3) 1.150(4), C(3)-O(2) 1.139(4), P(1)-N(1) 1.689(2),
P(2)-N(1) 1.699(2); P(1)-Fe—Pt 93.29(2), P(2)-Pt-Fe 97.952(19), P(3)-Pt-Fe 152.322(19), P(3)-
Pt—P(2) 109.64(2), Pt—C(46)-Fe 78.55(10), C(1)-Fe-Pt 74.94(9), C(2)-Fe-Pt 159.76(9), C(3)-Fe-
Pt 91.83(10), C(46)-Pt—P(3) 101.44(8), C(46)-Pt—P(2) 147.89(8), C(46)-Fe—P(1) 143.08(8), N(2)-
C(46)-Fe 139.8(2), N(2)-C(46)-Pt 140.9(2), C(46)-N(2)-C(47) 122.2(2), P(1)-N(1)-P(2)
123.10(15).



T T T T T T T T ‘.ﬂ '%Iﬂ ﬁln 4!5 4!0 3{5 3!0 ' E!S ‘2‘0‘ o
) 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 T=273K
T=295K -
\
\
\
M
|
| k
VAN k— VA -
U‘ ' 5!5’ o 5‘0 ‘ 4{5 ‘ 4?0‘ 3f5 " 1370‘ ! 2‘5 2{0 T o] 5"'1 'a‘n AEE A‘O S‘ﬁ ?‘0 Dlﬁ o IQTA
T=263K T=243K

Fig. S2. '"H NMR spectra at variable temperature of complex 3a in CDCls
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Fig. S7. Perspective view of cation of 8b showing the atom-labelling scheme. Selected distances
(A) and angles (°): Fe-Pt 2.4943(13), Fe-P(1) 2.237(2), Pt-P(2) 2.282(2), Pt-P(3) 2.271(2), Fe—
C(12) 1.750(11), Fe—C(13) 1.761(11), Fe—C(14) 1.823(11), Fe—C(1) 1.912(8), Pt—C(1) 1.967(8),
C(1)-N(1) 1.278(10), C(2)-N(1) 1.483(11), P(2)-N(2) 1.672(6), P(1)-N(2) 1.655(7), Au—N(2)
2.060(6), Au-P(4) 2.215(2); P(1)-Fe-Pt 95.83(7), P(2)-Pt-Fe 94.87(6), P(3)-Pt-Fe 158.34(7),
P(2)-Pt-P(3) 106.32(8), Pt—C(1)-Fe 80.0(3), Pt-Fe—C(12) 80.8(3), Pt-Fe—C(13) 159.0(3), Pt-Fe-
C(14) 93.5(3), C(1)-Pt-P(3) 109.7(3), C(1)-Pt—P(2) 143.9(2), C(1)-Fe-P(1) 146.6(2), N(1)-C(1)-
Fe 134.7(6), P(1)-N(2)-P(2) 122.6(4), N(2)-Au—P(4) 176.2(2).
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Fig. S8. Normalized absorption (blue) and emission (red) spectra of 5a recorded in CH,Cl, at 298K
(left) and in the solid state at 298 K (right).
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Fig. S9. Emission of 8a in 2-MeTHF



Table S1. Crystallographic and refinement data for 2¢ and 8b.

CCDC number
Formula

Formula weight [g-mol'l]

T [K]

Crystal size [mm]
Crystal system
Space group
a[A]

b [A]

c[A]

o [°]

BI°]

v [°]

V[A7]

Z

p calc [grem™]
u [mm™']

F (000)

0 range [°]

Index ranges

collected reflections
independent reflections

Data / Restraints / Parameters

Goodness-of-fit on F2
largest diff peak and
hole [e A”]

final R indices [[>20(1)]

R indices (all data)

2C'CH2C12
1031960

Cs4Hy45ClLFeN,O3P;Pt
1184.67
173(2)
0.30x0.20x0.10
monoclinic
P2y/n (14)
11.4361(2)
25.7364(5)
17.3652(4)
90
106.295(2)
90
4905.68(18)
4
1.604
3.397
2360
2.44 —27.00
-14<h<14
-32<k<32
—22<10<22
93476
10702 (Rin = 0.0453)
10702 /0 /599
1.036
0.947 and —1.086

R1=0.0236
wR2 = 0.0498
R1=0.0308
wR2 =0.0526

8b'CH2C12

C74sHgr AuF3FeN,OgP4PtS
1736.10

173(2)
0.30x0.20x0.10
monoclinic
P2,/n (14)
16.8304(5)
20.7199(4)
21.38066(6)

90

109.644(3)

90

7162.0(3)

4

1.610

4.370

3416
2.20-27.00
21<h<21
—26<k<26
—27<1<27
79775

15595
15595/0/836
1.064

2.759 and —1.238

R1=0.0325,
wR2 = 0.0657
R1=0.0587
wR2 =0.0679



