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Nummerierung

Komplexe werden wie in den Publikation&rD nummeriert, wobei der vorangestellte Buch-

stabe auf die entsprechende Publikation verweist.

[Pt(COMe}H{(pz)sBH]}] (Ada) [Pt(COMe}H{(3,5-Meypz):BH}] (A4b)
[Pt(COMe)CK(pz)sBH}] (A5a) [Pt(COMe)CHK(3,5-Meypz):BH}] (A5b)
K[Pt(COMe){(pz)sBH}] (A6a) K[Pt(COMe){(3,5-Me,pz):BH}] (A6b)
K[Pt(COMe){(pz).B}] (A7) K[{Pt(COMe)2} {(pz)4B}] (A8)
[Pt(COMejMe{(pz)sBH}] (A9a) [Pt(COMe)Et{(pz)sBH)}] (A9b)
[Pt(COMe)Bn{(pz)sBH}] (A9c) [Pt(COMe}Me{(pz)4B}] (Al0a)
[Pt(COMe)Et{(pz)4B}] (A10b) [Pt(COMe}Bn{(pz)sB}] (A100)
[Pt(COMe}H{(pz)sCH}ICI (B3a) [Pt(COMe}H{(3,5-Me,pz);CH}|CI (B3b)
[Pt(COMe)}{(pz)sCH]}] (B4a) [Pt(COMe)}{(3,5-Me,pz);CH}] (B4b)

[Pt(COMe)}H{(pz)sCH}IOTf  (B5d) [Pt(COMe}H{(3,5-Meypz);CH}JOTf (B5b)
[Pt(COMe)}D{(pz)sCH}IOTf  (B5¢) [Pt(COMe}D{(3,5-Meypz);CH}OTf (B5d)
[Pt(COMe)Me{(pz)sCH}JOTf (B64) [Pt(COMe)Me{(3,5-Mepz);CH}OTf  (B6b)

[Pt(COMe)Me{(pz);CH}I (B74) [Pt(COMe)Me{(3,5-Mepz);CH}I (B7b)
[Pt(COMe}{(2-py)sCOH}] (C3a) [Pt(COMe}{(2-py).PhCOH}] (C4a)
[Pt(COMe)}{(2-py)sCOEL}] (C30) [Pt(COMe}{(2-py).PhCOMEe}] (C4b)
[Pt(COMe)}{(2-py)sCOMEe}] (C3b) [Pt(COMe}{(2-py)2(m-Tol)COH}] (C5a)
[Pt(COMe)}{(2-py)sCOBN}] (C3d) [Pt(COMe}{(2-py)2(m-Tol) COMe}] (C5b)
[Pt(COMe)(C=CSiMe;)}{(3,5-Me,pz);CH}OTf (C8a)
[Pt(COMe)(C=CPh){(3,5-Mepz):CH}|OTf (C8b)
[Pt(COMe)(C=C'Bu){(3,5-Me,pz);CH}]OTos (C80)
[Pt(COMe}(C=C'Pr){(3,5-Mepz);CH}]OTos (C8d)
Sn(2-py) (D1a) Sn(6-Me-2-py) (D1b)

Die beiden haufig verwendeten Platin(ll)-Precursanklexe sind mit Ziffern nummeriert:

[Pt{(COMe);H} 2(u-Cl)2] ) [Pt(COMex(NH2Bn),] )
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1. Einleitung und Problemstellung

Organometallverbindungen der Platinmetalle spiedether industriellen homogenen Katalyse
eine herausragende Rolle. Hydrierungsreaktionen ®@tefinen (Wilkinson) bzw. Hydro-
formylierungsreaktionen unter Verwendung von Rhafastatoren [1] oder der vielfaltige
Einsatz von Pd-Katalysatoren bei der Oxidation ¥shylen (Wacker-Prozess) [2], in der
Olefinmetathese [3] sowie bei C—C-Kupplungsrealdgio(Heck, Stille, Suzuki, Sonogashira)
[4] seien hier als Beispiele genannt. Platin himgewvird hauptsachlich in heterogen kata-
lysierten Verfahren wie bei der Oxidation von N&in Pt-Netz (Ostwald-Verfahren) oder fir
Hydrierungsreaktionen verwendet, wahrend der Speaiad Karstedt-Katalysator [5] in
Hydrosilylierungsreaktionen eines der wenigen Belspfir die Anwendung von Organo-
platinverbindungen in der homogenen Katalyse d#trdieeser Unterschied (RtsPd) ist auf
eine vergleichsweise hohe thermodynamische Stbnion Pt—C-Bindungen gepaart mit
einer relativ hohen kinetischen Stabilitat von erelmetallorganischen Platinkomplexen
zurtckzufihren. Das steht im Allgemeinen einer Inokegalytischen Aktivitat verglichen mit
analogen Palladiumkomplexen entgegen.

Aufgrund der vergleichsweise hohen Stabilitat vi€eganoplatinverbindungen finden diese
jedoch in der Grundlagenforschung eine breite Arduery, beispielsweise zur Isolierung und
Untersuchung relevanter katalytischer Zwischenstufee n-Olefin-, n-Alkin- oder Hydrido-
komplexe sowie zum Studium von Elementarschrittea,in der metallorganischen Chemie
und der homogenen Katalyse von Bedeutung sind. tBiis insbesondere auf oxidative
Additions- und reduktive Eliminierungsreaktionen, ziie bei der Aktivierung und Funktio-
nalisierung von C—H-Bindungen von zentraler Bedegtsind. Ein weiterer Vorteil von
Platinverbindungen ist die magnetische Aktivitas 8Pt-Kerns (Haufigkeit: 33.8%; Kern-
spin: ¥2), da mid(***Pt) und den entsprechenden Kopplungskonstantennéitzéche Sonde
zur Charakterisierung der Elektronenstruktur irtiRkeomplexen zur Verfigung steht [6]. Das
ermdglicht zum Beispiel detaillierte Aussagen zuams-Einfluss von Liganden [7].

Auch Carbenkomplexe, darunter Hydroxycarbenkomplespgelen sowohl in der metall-
organischen Chemie als auch der homogenen Katalgsewichtige Rolle. Hydroxycarben-
komplexe weisen jedoch im Allgemeinen eine vergisieeise geringe Stabilitat auf [8]. Das
ist in MetallaB-diketonen, die sich von der Enolform organische3-Diketone durch
(formale) Substitution der zentralen Methingruppgct ein Metallfragment M ableiten,
nicht der Fall, weil hier der Hydroxycarbenligandrch eine O—H- - - O-Wasserstoffbriicke zu

einemcis-standigen Acylliganden stabilisiert ist (Abbilduthy
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Abbildung 1. Formaler Weg vom organischen 1,3-Diketon zum Ma#gtliketon.

Die ersten Metallg-diketone des Typs [M{(COR)(COR)HM (M = Mn, Re, Fe, ...;
L = CO, Cp, ...; Typl in Abbildung 2) wurden von Lukehart und Mitarbeitedurch
Umsetzung von Acyl(carbonyl)-Metallkomplexen mithiumorganylen und anschlieRender
Protonierung des gebildeten Diacylmetallat-Komp$exehalten [9, 10]. Diese Metalfa-
diketone sind kinetisch inert und elektronisch ¢egi(18 ve; ve = Valenzelektronen). Im
Unterschied dazu handelt es sich bei den in ungetegitsgruppe hergestellten Platifia-
diketonen (Typll in Abbildung 2) um kinetisch vergleichsweise labiklektronisch unge-
sattigte (16 ve) Verbindungen [11], was eine grétddeh andere Reaktivitat zur Folge hat.
Die in der Arbeitsgruppe von Garralda hergestellleda--diketone wie [IrHCI{(PPh
(0-CeH4CO))XH}] (I in Abbildung 2) sind zwar auch 18-ve-Komplexe,aratheiden sich
aber bedingt durch den Hydrido- und Chloridoligand® ihrer Reaktivitdt sowohl von den
Lukehart’'schen Metall@-diketonen () als auch von den Platirfaeiketonen (] ) [12].

R R R Ph, H Phy
L M%O\ H H'/O%PI/CKPI%O\ H PIh'”’l‘r"“\\P
X N P S _= RNemee ~-
S===20 0=%" “a’ =0 ahh
R R R o
-

| 1] 1l
Abbildung 2. Lukehart'scheMetallaf-diketone (), Platinag-diketone (I ) und Iridag-diketone (Il ).
Die kinetisch inerte und elektronisch gesattigteul8tr der Lukehart'schen Metal[&
diketone bedingt zwei typische Reaktionswege: agléaphile greifen im Allgemeinen das
Carbenkohlenstoffatom an. So erfolgt im Fall derdgtmung mit Ammoniak und priméren

Aminen wie beispielsweise Anilin die Bildung von dM#a{3-ketoiminen (Schema 13)
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[10,13]. b) Eine Deprotonierung des Hydroxycarbéitat in Umkehrung der Bildung zu
anionischen Diacylkomplexen oder zur Bildung von tMlEomplexen mit Metallg3-
diketonato-Liganden (Schemal),[10].

Im Unterschied dazu sind bei den dinuklearen, Isobtlabileren und elektronisch unge-
sattigten Plating-diketonen das Zentralatom (Pt) selbst und die PREBricken Zentren
hoher Reaktivitat. Das spiegelt sich in der Umsedzmnit bidentaten Liganden wider, die am
Beispiel der ,Stammverbindung” (Tyib in Abbildung 2; R = Me]1) gemal der Reaktions-
kaskade in Schema 2 ablauft: Einer Brickenspal{ahdplgt eine H-Verschiebungdo}, die
als oxidative Addition angesehen werden kann unéiydrido(acetyl)platin(lV)-Komplexen
fuhrt [14]. Diese kénnen einer reduktiven C—H-Elmerung unter Abspaltung von Acet-
aldehyd €¢) [14, 15] oder — insbesondere in Gegenwart voneBas einer reduktiven
HCI-Eliminierung unterliegend) [16, 17], wobei Acetyl(chlorido)- bzw. Diacetyhdlin(ll)-
Komplexe gebildet werden. Coliganden des Typs PA4® Bis(diphenyl)-phosphinoethan
fuhren zu wenig stabilen Acetyl(hydrido)platin(I¥emplexen, wahrend N~*N-Donoren vom
Bipyridin- bzw. Phenanthrolin-Typ thermisch aul3evganlich stabile Acetyl(hydrido)-
platin(IV)-Komplexe ergeben. Im festen Zustand kgtfeeine Zersetzung unter reduktiver

C—H-Eliminierung erst bei Temperaturen oberhalb 186 °C.

L. _COMe

@ </Pt\
Me Me S~ Me COMe - MeCHO L cl
,,o% _cCl_ %0\ L L <L\ %0\\ <|_,_\ .COMe
> . . o
L

H|Cl Pt

HO. _opt optZ_ CH PGS Py
o cl o o 7| TH
T @ W T @ e

Me @ L. _COMe
(w

-Hcl L~ “come

Schema 2.

Die Untersuchungen zur Reaktivitdt von Platilhdiketonen haben somit neben Erkennt-
nissen zu den damit verknipften metallorganischéameéntarschritten auch zu einem
leichten Zugang zu Acetyl(chlorido)- und Diacetgph(ll)-Komplexen gefuhrt. Das hat
wiederum Untersuchungen zur oxidativen Addition VAalkyhalogeniden, Halogenen oder
Halogenwasserstoffen vor allem an Komplexen dessTyt(COMe)(N~N)] ermdéglicht
(Schema 3a/b) [18]. Des Weiteren hat sich gezeigt, dass pringimene den 2,2’-Bipyridin-
Liganden in [Pt(COMejbpy)] leicht substituieren kénnen, sofern sie iimeen groRen Uber-
schuss vorliegen (Schema @, [19]. Die erhaltenen Bis(amin)diacetylplatin(Kemplexe,
insbesondere der Bis(benzylamin)-Komplex [Pt(COMH.BN),] (2), stellen — bedingt
durch den hohertransEinfluss bzw. -Effekt der Acetylliganden — weiterditzliche
Precursorkomplexe zur Synthese von Diacetylpldji{dmplexen mit bidentateiN-Donor-
[20] oder monodentatdd-Donorliganden [21] dar (Schemad,
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Schema 3.

Wahrend also Umsetzungen des Plafirdiketons1 mit mono- und vor allem bidentaten
N-Donorliganden und darauf aufbauend die Reaktivitét Diacetylplatin(ll)-Komplexen des
Typs [Pt(COMe)(N”*N)] in oxidativen Additionsreaktionen bereitshsegut untersucht sind,
stellt die Reaktion vorl mit Bis(2-picolyl)amin, welche zur Bildung einestlonischen
Diacetyl(hydrido)platin(IV)-Komplexes mit facialik*-koordinierten Bis(2-picolyl)amin-
Liganden fuhrt, das einzige Beispiel fir Reaktiomem 1 mit tridentatenN-Donorliganden
dar [22].

Im Rahmen der vorliegenden Arbeit sollte die Reatiéti vom PlatingB-diketon1 gegeniber
facial «®N,N’,N” -koordinierenden Liganden mit dem Ziel untersucterden, Diacetyl-
platin(ll)-Komplexe zu erhalten (Schema 4). Die &ewugte quadratisch-planare Koordi-
nation von Platin(ll)-Komplexen lie3 erwarten, dassgiesen Verbindungen die Liganden nur
«®N,N"-gebunden sind. Das wiederum ermdglicht Studien #&influss des dritten nicht
koordinierten ,Ligandenarms* auf oxidative Additeneaktionen. Dieser kann erheblich sein,
weil eine Stabilisierung von koordinativ ungesadig Zwischenstufen in Betracht zu ziehen
ist. Insgesamt ist dabei die Bildung von neuartigeetylplatin(lV)-Komplexen mit facial
koordinierenden tridentaten Liganden zu erwartebglioherweise auch solchen, die mit

bidentaten Coliganden nur wenig stabil sind (Schéjma

RX

Me  Me
,,o% _Cl_ %o\ N~_ _COMe
HO  2optC SPt H T/, P ?
o{M C|Mfo ” y—N COMe
e e IPh(C=CR))I*
1 NN [IPh(C=CR)]

Schema 4.
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2. Ergebnisse und Diskussion

2.1. Diacetylplatin-Komplexe mitk* und k*-koordinierten Skorpionatliganden
(siehe Publikation A im Anhang)

2.1.1. Einfuhrung

Seit ihrer erstmaligen Darstellung im Jahre 1966clluTrofimenko [23] haben Poly-
(pyrazolyl)borate der allgemeinen Struktur [RR’Blplz (pZ' = Pyrazol-1-yl mit nicht naher
spezifiziertem Substitutionsmuster; R, R’ = H, Alkgryl, pZ, py...; Abbildung 3,I) eine
breite Anwendung in der Haupt- und Ubergangsmétaiiie gefunden [24]. Neben der
Verwendung als bloRer ,Zuschauerligand® (,spectdigands”) in der Koordinationschemie
werden besonders Tris(pyrazoyl)borate ([RBE()2) auch als Coliganden in katalytischen
Reaktionen [24, 25] und zum Studium von Elementarden der Metallorganik eingesetzt
[26]. Der Grund hierfur ist, dass eine Vielzahl v¥erbindungen mit unterschiedlichen
Substituenten an den Pyrazolylringen und/oder demiralen Boratom leicht zuganglich sind.
Dies erlaubt eine gezielte Modifizierung der stten und/oder elektronischen Eigenschaften
dieser anionischen Liganden. So koénnen beispiet®wvepeziell unter Verwendung von
Tris(pyrazoyl)borat-Liganden, bei denen die Pyrgizimlge an Position 3 substituiert sind,
Metallzentren effektiv abgeschirmt werden und soamgewoéhnliche Bindungsverhéltnisse
untersucht oder reaktive Spezies stabilisiert werdgubstituenten an Position 4 und 5
hingegen dienen meistens zur Steuerung der Elekithchte, als Kristallisationsanker oder

zur Abschirmung der B—R-Gruppe [24].

4 ; R\ R\B/N© R\B/Np
Q)| % b,
. — Bl ey [M]
RRB N@ , R B\»’t_;y/ ‘%N\ L Q\N&\N,,,, N
2 b ) S X / ~
v & I‘_ - &l -
| I Il v

Abbildung 3. Nummerierungsschema von Skorpionatligandgnufd typische Bootstruktur von Skorpionat-
komplexen (). Typische Koordinationsmodi von Tris(pyrazolylyatLiganden in oktaedrischenll() und
guadratisch-planaret\() Metallkomplexen.

Trofimenko fuhrte fur diese Ligandenklasse den ©Oégriff ,Skorpionate” ein, wobei der
Name auf die Struktur der Liganden bei Koordinatemm ein Metallzentrum zurtickgeht.
Aufgrund der sp>-Hybridisierung des Boratoms entsteht bei der Kimiibn von zwei
Pyrazolylringen an ein Metallzentrum ein sechsgiger Ring. Dieser weist eine Boot-
konformation mit dem Metall- und dem Boratom an @&pitzen auf, was zu einem aqua-

torialen (R) und einem axialen (R’) Substituentem Boratom fuhrt (Abbildung 3lI ). Der
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Substituent in axialer Position ist dabei zum Me&ltrum gerichtet. Wenn dieser tber eine
Donorgruppe (R’ = pz 2-py,...) verfugt, kann eine tridentate Koordinatierreicht werden.
Diese hat eine gewisse Ahnlichkeit mit einem Skampider mit seinen beiden Zangen die
Beute (das Metallzentrum) festhalt und mit dem Is¢heusticht. Aus diesen geometrischen
Voraussetzungen resultiert, dass Tris(pyrazolyhbbiganden [RB(p2s]” in oktaedrischen
Komplexen im Allgemeinen eine facialéN,N’,N”-Koordination aufweisen (Abbildung 3,
lIl'). Wie Cyclopentadienyl-Liganden handelt es sich amonische Liganden, die formal
Sechselektronendonoren sind. In oktaedrischen Kexepl weit weniger haufig beobachtet
sindk®N,N’,B—H-(wenn R = H) odekN,N’-Koordinationsmodi [24].

In quadratisch-planaren Komplexen ist die bidentefd,N’-Koordination am weitesten
verbreitet. Rontgenkristallographische Untersucleanzeigen, dass sich der dritte Pyrazolyl-
ring im Festkorper quadratisch-planarer Platinilddaim- oder Rhodiumkomplexe in axialer
Position der Bootstruktur befindet und somit in umefbarer Nahe zum Metallzentrum
positioniert ist (Abbildung 3IV) [27]. Das kann Reaktionen befordern, die eineergang
von der quadratisch-planarex?l,N’-Koordinationsmodus) zur oktaedrischen Koordination
(x°N,N’,N” -Koordinationsmodus) beinhalten. Erwahnenswertdssss in Rh(l)-Komplexen
neben den quadratisch-planaren Strukturen auch rafisah-pyramidale bzw. trigonal-
bipyramidale Komplexe mit®N,N’,N”-koordinierten Liganden gefunden worden sind [28].
Die bidentate Koordination von Tris(pyrazolyl)boetaganden in quadratisch-planaren Kom-
plexen ist fur Untersuchungen von oxidativen Aduliireaktionen mit Alkinyliodonium-
Verbindungen sehr interessant. Canty und Mitarbéiteinten zeigen, dass durch formale
Ubertragung von [ECR]" unter gleichzeitiger Abspaltung von Phenyliodid di@ervalenten
lodverbindungen [IPh(8CR)]OTf mit Dimethylplatin(ll)-Komplexen des TypsP{Me-
(N~N)] oder [PtMe(P"P)] zu Alkinylplatin(IV)-Komplexen reagieren (8&ma 5a) [29]. Da
die kationischen Alkinyliodonium-Verbindungen nur Gegenwart von schwach nukleo-
philen Anionen wie Triflat (OTf), Tosylat (OTos) ed Tetrafluoroborat stabil sind [30],
mussten zur Besetzung der sechsten Koordinatidiesstesatzliche, starkere Donoren (lodid,
Pyridin) zugegeben werden, um hinreichend stabilatirfflV)-Komplexe zu erhalten
(Schema 5b) [29, 31].

® |t ® |

C C Me
N_ _Me [IPh(C=CR]OTY N_ | _Me Nal N_| _Me N_ | _Me
N Me = Phi N7 | T Me ~NaOTf N7 | “Me N C
|

Schema 5.
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Im Fall analoger Reaktionen von Verbindungen despsTy[Ptl{(pz"):BH}] mit
«®N,N"-gebundenen Skorpionatliganden sollte der driti@®tylring, welcher sich in unmit-
telbarer Nahe zum Metallzentrum befindet, nach Wagung des [ECR] -Fragments sofort
die sechste Koordinationsstelle besetzen konneme dass ein ,externer* Donor zugegeben
werden muss (Schema 6). Im Vergleich zu den Readtian [PtMgN”N)] mit bidentaten
N-Donorliganden, wirde so ein weiterer Reaktionstadmtfallen.

R ‘
R@ i
e O
N" = N.R| L
e [IPh(C=CR]OTf NNl
e T
R R ? & Q;/J
RN \\B'NO "
R e

E%

Schema 6.

2.1.2. Synthese und Reaktivitat

Reaktionen des Platirfadiketons1 mit den Tris(pyrazolyl)boraten des Typs K[(3,50R):-
BH] (R = H, Me) fihrten zur Bildung der thermisctalsilen Diacetyl(hydrido)platin(IV)-
Komplexe A4 mit «>-koordinierten Skorpionatliganden (Schema &), In analogen
Umsetzungen vorl mit Tetrakis(pyrazolyl)borat (K[(pzB]) wurden jedoch nur Produkt-
gemische aus mehreren nicht identifizierten Verbigken erhalten. Ldsungen von
[Pt(COMe)H{(3,5-Rpz)sBH}] (R = H, Ada; Me, A4b) in Chloroform sind nicht stabil und
reagierten innerhalb von zwei Tagen zu den entepreten Diacetyl(chlorido)platin(IV)-
Komplexen A5 (Schema 7). Langere Reaktionszeiten fuhrten zu einer undéipehken
Zersetzung der gebildeten Chloridokomplexe [Pt(CQRK(3,5-R.pz)sBH}] (R = H, Abg;
Me, A5b). Da bei NMR-Versuchen in deuteriertem Chlorofd@@HCI, detektiert wurde und
die Reaktionszeiten durch Abdunkeln deutlich erhistden konnten, kann ein radikalischer
Reaktionsmechanismus angenommen werden, welchkerfaudie unter deutlich scharferen
Bedingungen (CGJ UV-Licht-Einstrahlung) ablaufende Reaktion desuldurell sehr
ahnlichen Hydridokomplexes [PtMeN(3,5-Me,pz)sBH}] zum entsprechenden Chlorido-
komplex diskutiert wird [32].

Anionische Diacetylplatin(ll)-Komplexe mik’*-gebundenen Tris- und Tetrakis(pyrazolyl)-
borat-Liganden sind in Ligandenaustauschreaktiomeh dem Bis(benzylamin)platin(ll)-
Komplex 2 zuganglich (Schema &-€). Wahrend Umsetzungen von [Pt(COMB)H.BN),]

(2) mit aguimolaren Mengen des entsprechenden Skmapiganden zur Bildung der
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Schema 7.

mononuklearen Komplexe [Pt(COM§B,5-RpzkBH} (R = H, A6a;, Me, A6b) und
K[Pt(COMe){(pz)sB}] (A7) fuhrten (Schema 7¢/d), wurde bei der Reaktion voa mit
einem halben Aquivalent K[(p#BH] der schwerlosliche dinukleare Komplé&8, bei dem
zwei Diacetylplatin-Fragmente Uber den Skorpiogatiden verbrickt sind, isoliert
(Schema 7g). Alle Verbindungen wurden als farblose, luft- ufgichtigkeitsempfindliche
Feststoffe erhalten, wobei K[Pt(COM#pz),B}] (A7) eine deutliche hohere Stabilitat
gegenuber Luft und Feuchtigkeit aufweist als diemigtexe A6 mit Tris(pyrazolyl)borat-
Liganden. Die Umsetzung der Hydridokomplex@ mit Kaliummethanolat geman
Schema 7f stellt eine alternative Syntheseroute fir die Diacetyip(#)-Komplexe A6 mit
Tris(pyrazolyl)borat-Liganden dar. Dagegen sind WerbindungenA7 und A8 nur in der
Reaktionsfolge Platinf-diketon () — Bis(benzylamin)platin(ll)-Komplexd) — Diacetyl-
platin(Il)-Komplex zuganglich.

Umsetzungen von [Pt(COM#{pz)sBH}] (A6a) und K[Pt(COMex(pz)sB}] (A7) mit
Alkylhalogeniden fuhrten gemald Schemg/fi zur Bildung der neutralen Diacetylplatin(IV)-
Komplexe [Pt(COMeR{(pz)sBH}] (R = Me, A9a; Et, A9b; Bn, A9c) bzw. [Pt(COMe)R-
{(p2)4B}] (R = Me, A10a; Et, A10b; Bn, A10c), wobei die Reaktionen mit Methyliodid deut-

lich schneller abliefen als die Umsetzungen mitykddid bzw. Benzylbromid. Da alle
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Komplexe luft- und feuchtigkeitsstabil sind, kormteie gebildeten Kaliumsalze mittels
wassriger Extraktion abgetrennt werden. Die Koastih der in Ausbeuten von 46% bis 87%
isolierten farblosen Feststoffe wurde NMRH( **C, **Pt) und IR-spektroskopisch sowie
durch ElementaranalyseA4, A9, A10) bzw. hochauflésende Massenspektrometrie
(HR-ESI-MS,A5-A8) und durch Rontgeneinkristallstrukturanalys@dd, A5a, A7-(18C6),
A9c) sichergestellt.

Bei Umsetzungen der Diacetylplatin(ll)-Komplexe ([POMe){(3,5-R.pz):BH] (R = H,
A6a; Me, A6b) und K[Pt(COMeX(pz)sB}] (A7) mit den Alkinyliodonium-Verbindungen
[IPh(C=CSiMe;)]OTf und [IPh(G=C'Bu)]JOTos wurden ausschlieRlich Produktgemische
verschiedener nicht identifizierter Verbindungenliext. Da das bei oxidativen Additions-
reaktionen mit Alkinyliodonium-Verbindungen als Nmiprodukt gebildete Phenyliodid
mittels GC/MS detektiert wurde, kann angenommendemr dass thermisch instabile

Alkinylplatin(IV)-Komplexe gebildet wurden und diesich bei der Isolierung zersetzten.

2.1.3. Spektroskopische Charakterisierung

In Tabelle 1 sind charakteristische spektroskogsétarameter der Komplex&4-A10
zusammengestellt. Aufgrund der SpiegelsymmetriekaenplexeA4—A10 in Losung wird in
den NMR-spektroskopischen Untersuchungen fir diendt C-Atome beider Acetylliganden
jeweils nur ein Signal gefunden. Die Protonen dgra®olylringe der Komplexe mit
Tris(pyrazolyl)borat-Ligande®4—-A6 und A9 ergeben deshalb Signalsatze mit einem Inten-
sitatsverhaltnis von 2:1, wahrend fir den Diaceé#yip(ll)-Komplex A7 und die Diacetyl-
(alkyl)platin(IV)-Komplexe A10 mit Tetrakis(pyrazolyl)borat-Liganden dementspesah
Signalsatze im Verhaltnis 2: A7) bzw. 2:1:1 A10) zu beobachten sind. Das Inversions-
zentrum am Boratom des Skorpionatliganden im deaildn KomplexA8 fuhrt zur
chemischen und magnetischen Aquivalenz beider Bitatin-Fragmente und somit nur zu
einem Signalsatz sowohl fur die Acetylligandenaalsh fur alle vier Pyrazolylringe.

Die chemischen Verschiebungen der Carbonylkohléiastone der Acetylliganden werden in
den Diacetylplatin(ll)-KomplexerA6—-A8 im typischen Bereich [16, 19] bei ca. 230 ppm
gefunden und sind damit im Vergleich zu den fir diacetylplatin(IV)-KomplexeA4, A5,

A9 und A10 (6¢c 187.5-196.2) beobachteten Werten signifikant un36a38 ppm zu tiefem
Feld verschoben. Auch dig-Resonanzen der Methylgruppen der AcetylligandeAGrA8
weisen mit Ausnahme der HydridokomplexXel eine leichte Tieffeldverschiebung um

ca. 7-10 ppm auf. Di®y-Resonanzen der Acetylliganden in den Platin(ll¥fdexen
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Tabelle 1. Charakteristische spektroskopische Parameter daceBlplatin(ll)- (A6—A8) und Diacetyl-
platin(IV)-Komplexe @4, A5, A9, A10) mit Skorpionatliganders(in ppm;J in Hz;v in cni™).

COCHs COCHs v(B-H)
8t CIpeh) 8¢ (CIpr0 8¢ (*Iptd Opt
Diacetylplatin(ll)-Komplexe
Aba 2.04 44.5 234.6 -3351.4 2454
AGDh 1.73 44.0 235.3 -3372.7 2466
A7 1.85 44 .1 234.5 -3371.4 -
A8 1.80 43.6 226.5 -3339.8 -

Diacetyl(hydrido)- A4) und Diacetyl(chlorido)platin(IV)-KomplexeAb)

Ada  2.60(23.9) 44.3 (255.3) 191.6 -1618.1 2481
Adb  2.32(13.7) 40.4 (206.9) 195.5 (896.3) -1740.0 2513
Aba  2.79 (8.9) 35.1(91.5) 187.5 (736.6) -762.9 2528
A5b  2.52 (6.6) 33.2 (94.6) 190.8 (736.6) -763.0 2553
Diacetyl(alkyl)platin(IV)-Komplexe

A9a  2.29(10.7) 36.5(184.0) 194.3 (936.6) -1461.5 2483
A9b  2.25(9.8) 36.7 (182.2) 194.6 (981.9) -1396.5 2489
A9c  2.24 (8.9) 35.7 (168.6) 194.1 (956.8) -1281.5 2481
Al0a 2.36(11.0) 36.7 (181.9) 196.2 (939.3) —1489.2 -
Al10b 2.31(10.1) 35.5(181.3) 194.8 (970.6) -1436.4 -
Al0c 2.29(9.0) 36.5 (169.6) 194.9 (951.6) -1314.8 -

A6-A8 liegen im Bereich von 1.73-2.04 ppm und sind dami¥ergleich zu den Verschie-
bungen in den Platin(IV)-Komplexef4, A5, A9 und A10 um ca. 0.3-0.9 ppm zu héherem
Feld verschoben.

Die '°*Pt-Verschiebungen der Platin(ll)-Komplex&4—A6 liegen im Bereich anderer
Diacetylplatin(ll)-Komplexe mit zwei neutralé-Donorligandendg; ca. —3350) [16, 19] und
sind, wie erwartet [33], im Vergleich zu den Pla)-KomplexenA4, A5, A9 undA10 um
mehr als 1600 ppm hochfeldverschoben. 3iet-Resonanzen der Platin(IV)-Komplexe sind
des Weiteren in Korrelation mit der ansteigendeekiEbnegativitat des sechsten Liganden
(xcr > xay > xn) immer starker zu tiefen Feld verschoben und weiseine signifikante
Abhangigkeit von der Natur des Skorpionatligandein a

Wie bereits fiir quadratisch planaré)(bzw. trigonal pyramidalexf) Rhodiumkomplexe mit
Tris(pyrazoyl)borat-Liganden gezeigt [28], ist auam Fall der KomplexeA4-A6 und A9

die Frequenz der B—H-Valenzschwingung charakteditifir den Koordinationsmodus des
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Liganden. So liegen diese Absorptionsbanden inRiatin(I1)-Komplexen mitc*-koordinier-
ten Tris(pyrazolyl)borat-Liganden (2454 ¢hmABa; 2466 cm™, A6b) bei niedrigeren Wellen-
zahlen (v > 27 cm* bzw. Av > 47 cm?) als bei den entsprechenden Platin(1V)-Komplexen
A4, A5 und A9 mit k*-koordinierten Liganden. Durch die Koordination diiten Pyrazolyl-
ringes wird der Ligand deutlicher starrer, was oee erschwerten Schwingung fuhren
kénnte. Des Weiteren fuhrt die Methylsubstitution(3,5-Mepz);BH™ zu einer Verschiebung
der B—H-Valenzschwingung zu héheren Wellenzahten12—32 cm') im Vergleich zu den

Komplexen mit dem unsubstituierten Liganden.

2.1.4. Strukturelle Charakterisierung

Von allen wesentlichen Typen der zuvor beschriebe®leorpionatkomplexe konnte jeweils
ein Vertreter Ada, A5a, A7-(18C6),A9c) strukturell charakterisiert werden. So sind instFe
koérper des Diacetyl(hydrido)platin(IV)-KomplexeA4a sowie des analogen Diacetyl-
(chlorido)platin(lV)-Komplexes A5a die Platinatome aufgrund des ,Bisses” des Tris-
(pyrazolyl)borat-Liganden [24] verzerrt oktaedrisdoordiniert: Alle N-Pt—N Winkel
(83.7(1)—-87.4(1)°) sind kleiner als 90°. Die Pt—hwBingslangdrans zum Hydridoliganden
(2.162(6) A, Ada) ist im Vergleich zur Bindungslangé&ans zum Chloridoliganden
(2.060(4) A, A5a) deutlich langer, was den héhertnansEinfluss des Hydridoliganden
widerspiegelt [34]. Die Pt—N-Bindungslangeans zu den Acetylliganden liegen im Bereich
von 2.174(4) A bis 2.219(4) A und lassen vermuiass dertransEinfluss des Acetyl-
liganden in einer vergleichbaren Gréf3enordnungfinieinen Hydridoliganden liegt.

Die rontgeneinkristallographische Charakterisieruames Diacetylplatin(ll)-Komplexes
gelang erst in Anwesenheit des Kronenethers 18CBalnvon K[Pt(COMe)(pz)4B}] (A7).
Im Festkorper vo\7-(18C6) ist das Kaliumkation neben dem Kronenethigétzlich an den
O-Atomen der Acetylliganden des Platinkomplexesrédooert (Abbildung 4a), was zu einer
nahezu parallelen Anordnung (Interplanarwinkel 8% der Komplexebene und des
Kronenethers fiihrt (Abbildung 4). Der K- --O2 Abstand (2.854(4) A) liegt im Bereibér
K---O-Abstande zwischen K- und O-Atomen des Krotremie (2.815(4)-2.992(3) A),
wahrend der K-.--O1-Abstand mit 2.770(5) A sogamiBiignt kiirzer ist. Der kurze
Pt.--K-Abstand von 3.511(1) A deutet auf eine zlishe attraktive Wechselwirkung unter
Beteiligung des doppelt besetzten-Bt-Orbitals hin. Der Pt- - - K-Abstand ist vergleiahinit
den fur [K(18C6)}[PtCly] (3.668 A) [35] bzw. K[PtGINH,Pr)]-HO (3.588 A) [36]

gefundenen Werten.
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Abbildung 4. a) Molekdlstruktur von [K(18C6)][Pt(COM&)(pz),B}] (A7-(18C6)). Die Ellipsoide sind mit
einer Wahrscheinlichkeit von 30% dargestellt. Ausir@len der Ubersichtlichkeit sind keine H-Atomeggar
stellt. Ausgewéhlte strukturelle Parameter (AbsgaimdA): K- -- 01 2.770(5), K- - - 02 2.854(4), K- - - C02(3),
K---04 2.815(4), K---O5 2.938(4), K---06 2.900K&),-O7 2.967(4), K---O8 2.922(4), Pt---K 3.511(1).
b) Stabmodell des Komplexes, welches die relatigsit®n der Komplexebene im Vergleich zur Ebene des
Kronenethers, die durch die Lage Sauerstoffatorfiaidg wird, darstellt.

2.2.  Diacetylplatin-Komplexe mit k>~ und x*-koordinierten Tris(pyrazolyl)methan-
Liganden
(siehe Publikation B im Anhang)

2.2.1. Einfuhrung

Tris(pyrazolyl)methan-Verbindungen der allgemeirgtruktur (p2);CH (pZ' = Pyrazol-1-yl
mit nicht naher spezifiziertem Substitutionsmusgend die neutralen Analoga der in Kapitel
2.1.1. beschriebenen anionischen Tris(pyrazol)botatd leiten sich von diesen durch
(formale) Substitution des B-Atoms durch ein C-Atam[37]. Im Vergleich zu den Skorpio-
naten fand diese Ligandenklasse bis zum Beginn mE$en Jahrtausends aufgrund
schwierigerer Synthesen mit geringen Ausbeutenwamnig Beachtung als Coligand in der
Koordinationschemie. Erst Fortschritte in der Sest#h dieser Verbindungen und die
Entwicklung neuer Moglichkeiten zur Derivatisierubgw. Funktionalisierung fuhrten zu
einem merklichen Anstieg des Interesses an didgantdenklasse [37].

Die Synthese der ,Stammverbindung® (Tris(pyrazehgthan, (pzCH) durch Umsetzung
von Pyrazol mit Kalium und anschliel3ender Zugabe @bloroform wurde bereits im Jahre
1937 beschrieben [38]. In der heutigen Zeit stkitUmsetzung von Pyrazol mit p&O; und
Chloroform in einer Zweiphasenreaktion (Wasser/@iftwm) die gebrauchlichste Methode
zur Synthese von (p£JH und verschiedenen an den Pyrazolylringen sulstien Derivaten
dar (Schema 8a) [39]. Weiterhin kann — sofern die Position 5 d&razolylringe nicht
substituiert ist (R’ = H) — das acide Proton deH3sruppe am Ruckgrat des Liganden durch
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geeignete Basen abstrahiert werden, was weiterelidéfié&giten zur Derivatisierung bzw.
Funktionalisierung dieser Substanzklasse ertffS8ehéma 8b) [40]. So konnten beispiels-
weise durch Umsetzung der lithilerten Verbindungeh Schwefeltrioxid—Triethylamin auch
hydrophile Substituenten eingefuhrt werden [37,. Z)¢rartige Derivate konnten fir die
Synthese von Komplexen, die als Enzymmodelle ypitgsiologischen Bedingungen ldslich

und stabil sind, von grol3em Nutzen sein [40].

1) Base, THF
2) R"-X
® e
R =H, Ph, By, ... \N
R Na,CO3 R R" = Me, CH,OH, ... R
["BugN]Br
H*NO H,O/CHCl, HC NQ
N N

R R 1) "Buli
3 2) SO3-NMeg
R=R'=H, Me @ Li|0sS-C NO
oder \N

R=H, R =Ph, Pr,'Bu

Schema 8.

Tris(pyrazolyl)borat- und -methan-Liganden sindeig&tronisch zueinander und weisen, wie
bereits in Kapitel 2.1.1. beschrieben, eine vechleare Struktur (Bootkonformation der
C(u-pzpM -bzw. B(u-pzpM-Gruppe) und die gleichen geometrischen Einschrég&n
(faciale ®N,N’,N” -Koordination in oktaedrischen undN,N’-Koordination in quadratisch-
planaren Komplexen) auf. Aufgrund der anionischetuNsind Skorpionate etwas basischer
als die neutralen Tris(pyrazolyl)methane [42]. Nsckestotrotz kdonnen Tris(pyrazolyl)-
methan-Liganden selbst Pd(IV)-Verbindungen stabilen [37] und der kationische
Pd-Komplex [Pdf>-CsHs){(R2pz):CH}]PFs wird sogar als deutlich stabiler beschrieben als
der analoge neutrale Komplex [RHCsHs){(R2pz)%:BH}] mit Skorpionatliganden [43].
Dieses Beispiel zeigt, dass neben der Donorfahigles Coliganden auch die Ladung der
entsprechenden Komplexe (neutka. kationisch oder auch anionisars. neutral) einen
Einfluss auf die Stabilitat und/oder Reaktivitat erbindungen haben kann.

In weiterfihrenden Untersuchungen sollte nun gékharden, ob sich Diacetylplatin(ll)-
bzw. -platin(IV)-Komplexe mit den Tris(pyrazolyl)rit&n-Liganden des Typs (3,52 kCH

(R = H, Me) hinsichtlich Stabilitdt, Reaktivitdt dnchemischer Eigenschaften von den

analogen Komplexen mit Skorpionatliganden unterisieme
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2.2.2. Synthese und Reaktivitat

Umsetzungen des Platifladiketons 1 mit Tris(pyrazolyl)methanen des Typs
(3,5-Rpz):CH (R = H, Me) und anschlie3ende Zugabe von Bada®H, NEg) fuhrten zur
Bildung der Diacetylplatin(ll)-Komplexe [Pt(COM#£}3,5-Rpz:CH}] (R = H, B4a
Me, B4b) (Schema 9,a/b) mit k*koordinierten Tris(pyrazolyl)methan-Liganden. Beid
Verbindungen sind in Loésung wenig stabil und weisare vollig unterschiedliche Ldslich-
keit auf: Wahrend KompleB4a (mit dem unsubstituierten Tris(pyrazolyl)methan-admnglen)
nur in protischen Lésungsmitteln wie Methanol o@WSO malig I6slich ist, weisB4b
aufgrund der zusatzlichen Methylgruppen an den Zylingen eine gute Loslichkeit in
allen géngigen Losungsmitteln auf. In nicht koorelienden Losungsmitteln lauft die
Zersetzung vorB4b deutlich schneller ab als in Methanol oder THF etsaschenderweise
waren die Diacetylplatin(ll)-KomplexB4 nicht via Ligandenaustauschreaktionen ausgehend
vom Bis(benzylamin)platin(ll)-Komplex2 zuganglich (Schema ). Im Gegenteil: Die
Umsetzungen der VerbindungBd mit Benzylamin fihrten zur Bildung vadh

Die bei der Synthese vdd als Zwischenprodukt gebildeten kationischen Digdeydrido)-
platin(IV)-Komplexe [Pt(COMeH{(3,5-R.pzsCH}|CI (R = H, B3a;, Me, B3b) sind in

Losung thermisch instabil und konnten nicht isoligrerden. Die Konstitution dieser

@ " ®
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Verbindungen wurde aber mittels Tieftemperatur-NMRersuchungen der Reaktions-
ansatze zweifelsfrei belegt. Die Stabilitdt katsmhier Hydridoplatin(IV)-Komplexe dieses
Typs hangt von der Natur des Anions ab, denn déndtonierung der Diactetylplatin(ll)-
Komplexe B4 mit Triflourmethansulfonsdure wurden die thermisstabilen Hydrido-
komplexe [Pt(COMeH{(3,5-R,pz:CH}|OTf (R = H, B5a; Me, B5b) mit Triflat als Anion
erhalten (Schema 9d). In Lésungen vonB5 in deuteriertem Methanol findet ein
H/D-Austausch zwischen dem Lésungsmittel und derdridgliganden statt (Schema 6,
Die Komplexe [Pt(COMeP{(3,5-Rpz):CH}|OTf (R = H, B5c, Me, B5d) mit Deuterido-
liganden wurden isoliert und der H/D-Austausch Hutbl- und *H-NMR-Spektroskopie
belegt.

Weiterhin wurde die Reaktivitat der DiacetylplatliifKomplexe B4 gegentber Methyliodid,
Trifluormethansulfonsduremethylester und den Alkodoium-Verbindungen [IPh(€CR)]X
(R/IX = SiMeyOTf, Ph/OTf, 'Bu/OTos, 'Pr/OTos) untersucht. Wahrend das Substitutions-
muster der Tris(pyrazolyl)methan-Liganden (&) vs. (Meypz):CH) keinen Einfluss
auf die Stabilitdt der kationischen Diacetyl(mejpiatin(lV)-Komplexe [Pt(COMeMe-
{(3,5-Rpz):CH}OTf (R = H, B6a; Me, B6b) und [Pt(COMeyiMe{(3,5-Rpz)sCH}]I (R = H,
B7a; Me, B7b) hat (Schema o), wurden stabile Diacetyl(alkinyl)platin(IV)-Komgke nur
im Fall der Umsetzungen von [Pt(COMEB,5-Me,pz):CH}] (B4b) mit Alkinyliodonium-
Verbindungen erhalten (Schemadd, Die Beobachtungen bei den analogen Reaktionen de
Diacetylplatin(ll)-Komplexes [Pt(COMg{pz)sCH}] (B4a) mit dem unsubstituierten
Tris(pyrazolyl)methan-Liganden lassen vermutensdagh in diesem Fall Alkinylplatin(IV)-
Komplexe gebildet wurden, die jedoch thermischabstsind und sich im Verlauf der
Isolierung zersetzten.

Bis auf die thermisch instabilen HydridokompleB& wurden alle zuvor beschriebenen
Verbindungen als farblose bis hellgelbe FeststmffAusbeuten von 61 bis 90% isoliert und
NMR- (*H, 2*C, Pt) und IR-spektroskopisch sowie durch hochaufldseMassen-
spektrometrie (HR-ESI-MS) und RontgeneinkristalisturanalysenB4a, B4b, B7a: CH,Cl,,
B8a: THF,B8d- CHCL) vollstandig charakterisiert.

2.2.3. Strukturelle Charakterisierung

Neben den Diacetylplatin(ll)-Komplexeld4 und dem Diacetyl(methyl)platin(IV)-Komplex
B7a konnten auch zwei Vertreter der Diacetyl(alkinidim(lV)-Komplexe B8a, B8d)
strukturell charakterisiert werden. Die Moleklle irRestkorper von [Pt(COMg)
{(3,5-Rzpz):.CH}] (R = H, Bda, Me, B4b) sind aufgrund schwacher intermolekularer
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C—H--O-Wasserstoffbrickenbindungen zu eindimensionateimgen verknupft. Im Fall von
B4aliegen zwei Wasserstoffbriicken vor, bei denen jsagas O-Atom eines Acetylliganden
als H-Akzeptor und eine C-H-Gruppe der koordinmerteyrazolylringe als H-Donor
fungieren (C---O 3.016(6)-3.080(6) A; H---O 2.1252A; C-H.--O 143-147°). Die
strukturellen Parameter im Festkorper \B#b weisen auf eine Wasserstoffbriicke zwischen
der C—H-Gruppe am Rickgrat des Tris(pyrazolyl)methiganden und dem O-Atom eines
Acetylliganden hin [44].

Im Festkorper vonB7a CH.Cl, liegt eine C-H:1 Wasserstoffbriicke zwischen der
C—H-Gruppe am Ruckgrat des Tris(pyrazolyl)methagabden und dem lodidanion als
H-Akzeptor vor (Abbildung 5). Sowohl der C---1-186(5) A) und H---I-Abstand (2.76 A)
als auch der C—H---1-Winkel (159°) liegen im Bemesolcher attraktiver Wechselwirkungen
[45].

Abbildung 5. Molekilstruktur von [Pt(COMeMe{(pz)sCH}]I (B7a) in Kristallen von7a- CH,Cl,. Die Ellip-
soide sind mit einer Wahrscheinlichkeit von 30%geatellt. Aus Griinden der Ubersichtlichkeit sindnke
H-Atome dargestellt. Ausgewéhlte strukturelle Pagtan (Abstéande in A, Winkel in °): I---C14 3.716(5)
[---H2.76, 1.--H-C14 159.

In den Festkorperstrukturen der Diacetyl(alkinydipi(1V)-Komplexe [Pt(COMeYC=CR)-
{(3,5-MepzXCH}IX (R/X = SiMes/OTf, B8a, 'Pr/OTos, B8d) sind die Pt—N-Bindungen
trans zu den Acetylliganden (2.20832.247(3) A) im Vergleich zu den Bindungérmans
zum Alkinylliganden (2.100(3)/2.106(2) A) signifikalanger, was fiir einen deutlich héheren
transEinfluss der Acetylliganden spricht. Die P&C-R-Struktureinheiten sind annéhernd
linear (Pt-GC 177.7(4)/176.5(3)°, €C-Si/C=C-C 174(4)/178.4(4)°) und die=C-Bin-
dungslangen (1.180(6)/1.182(4) A) liegen im Bereibn denen in anderen Alkinyl-
platin(IV)-Komplexen [46] und typischen C—C-Dreifdzindungen [47].
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2.2.4. Zur Molekuldynamik in Diacetylplatin(ll)-Ko mplexen

Die bei RaumtemperataufgenommenefH- und *C-NMR-Spektren der Diacetylplatin(ll)-
Komplexe [Pt(COMe)(3,5-R;pz):CH}] (R = H, B4a; Me, B4b) deuten auf das Vorliegen
eines dynamischen Prozesses, der zu einer chemiscite magnetischen Aquivalenz des
nicht koordinierten mit den koordinierten Pyrazalyen im Tris(pyrazolyl)methan-
Liganden filhrt. So weist beispielsweise bei Raurpenatur dasH-NMR-Spektrum vorB4a

fur die Resonanzen der aromatischen Protonen gwail ein, teilweise stark verbreitertes,
Signal auf, welches bei tieferen Temperaturen iriz8ignalsatze mit einem Intensitats-
verhaltnis von 2:1 aufgespalten wird (Abbildung &, [48]. In temperaturabh&ngigen
'H-NMR-Messungen wurde beobachtet, dass die Koaleszier Signale der Pyrazolyl-
protonen im KomplexB4b generell bei htheren Temperaturen eintritt alBdeai (Tabelle 2).
Aus dem Zusammenhang = m-Av/vV/2 (Av = Shiftdifferenz der Signale bei eingefrorenem
Austausch) unddGZ = 0.00458Tc-(10.32 + logkc/Tc) lieRen sich die Gleichgewichts-
konstanten am Koaleszenzpunkt abschatzen und eienfiAktivierungsenthalpien bei der
KoaleszenztemperatuT{) berechnen (Tabelle 2) [49]. Komplé&4b mit dem methyl-
substituierten Tris(pyrazolyl)methan-Liganden wdiat die beobachtete Dynamik eine um
ca. 2.5 kcal/mol hohere freie Aktivierungsenthalpigf (15.9vs. 13.4 kcal/mol), wobei
sowohl diese Werte als auch die jeweiligen Koaleztmperaturen im Bereich von anderen

dynamischen Prozessen in der Ligandensphéare vdadRah- und Platinkomplexen liegen

[50, 51, 52, 53].

@ Lo e &
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Abbildung 6. Relevante Bereiche der temperaturabhangtgieNMR-Spektren vorB4a (a) und B4b (b).
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Tabelle 2. Relevante Parameter der Dynamik und deren freigividkungsenthalpien in Komplexen
[Pt(COMe){(3,5-R,pz%:CH}] (R = H, B4a; Me, B4b).

B4a B4b
H3 H4 H5 H4 C—CHs
Tec (in K) 262 276 297 312 322
Av (in s 28.3 62.7 268.9 14.9 68.2
ke (in s%) 62.9 139.3 597.3 33.1 151.5
AGEZ (in kcal/mol) 13.2 13.4 13.6 16.2 15.7

Die Ergebnisse der NMR-spektroskopischen Untersugin sowie die geringe Stabilitat der
Komplexe B4 in Lésung lassen vermuten, dass dfé&N,N’-koordinierten Tris(pyrazolyl)-
methan-Liganden nur relativ schwach gebunden sidel. schnelle Austausch zwischen
koordinierten und nicht koordinierten Pyrazolylramg kbnnte gemal einem dissoziativen
Mechanismus unter intermediarer Bildung eines Tigen Komplexes mitN-koordinierten
Liganden verlaufen. Alternativ ist auch ein assizém Mechanismus denkbar, der die
Bildung eines Intermediates mtN,N’,N” -koordinierten Liganden beinhaltet.

Unter Einbeziehung dieser Uberlegungen wurden gunahemische Rechnungen auf DFT-
Niveau durchgefithrt. Die stabilsten Strukturen mifN,N’-koordinierten Liganden
(Abbildung 7,a fur B4ad) sind sehr ahnlich den experimentell ermitteltérul8uren in Kris-
tallen vonB4a undB4b. Die berechneten T-férmigen Gleichgewichtsstrudtufintermediate
beim dissoziativen Mechanismus) vBA weisen eine um 4.0 kcal/md4a; Abbildung 7,b)
bzw. 2.1 kcal/molB4b) hohere freie Aktivierungsenthalpie auf. Die Imediate beim asso-
ziativen Prozess mit®N,N’,N"-gebundenen Tris(pyrazolyl)methan-Liganden komntecht
als Gleichgewichtsstrukturen lokalisiert werdenhaber Strukturen, bei denen das N-Atom
des nicht koordinierten Pyrazolylringes zum Plaarichtet ist. BeiB4a (Abbildung 7,c)
handelt es sich um eine Gleichgewichtsstrukturheid®4b um einen Ubergangszustand.

© ® ©

(0.0) (4.0) (3.1)

Abbildung 7. Berechnete Gleichgewichtsstrukturen \Bx#a mit einerk®N,N’- (a) undkN -Koordination (b) des
Liganden. Die gestrichelte Linie (c) weist auf @inelativ kurzen, aber nichtbindenden-RtAbstand von
3.535 A hin. Die freien Standardaktivierungsentteipsind in Klammern bezogen auf das stabilste éscan-
gegeben.
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Weiterhin sind sowohl beim dissoziativen als auembassoziativen Mechanismus Rota-
tionen innerhalb der Liganden und Ringinversionenskchsgliedrigen Pt(N-p0-Ringe zu
bertcksichtigen, damit sich die Dynamik {4 === PZiichikoora) VOllIziehen kann. Im Ergeb-
nis dieser Analyse und unter Einbeziehung der Bemawgen zu den unterschiedlichen
Koordinationsmodi der Liganden (vgl. Abbildung Arin geschlussfolgert werden, dass der
dissoziative Mechanismus wahrscheinlicher ist alsa$soziative und dass KompB£b mit
methylsubstituiertem Tris(pyrazolyl)methan-Ligandeime h6here Aktivierungsbarriere fur
die Molekildynamik aufweist als Verbindulgla mit nichtsubstituierten Liganden. Letzteres

steht im Einklang mit den NMR-spektroskopischendbrgssen.

2.2.5. Spektroskopische Charakterisierung von Diatylplatin(IV)-Komplexen

Die Konstitution der Diacetylplatin(1V)-Komplex@3 sowieB5-B8 wird durch*H-, **C- und
19pt-NMR-spektroskopische Untersuchungen in vollemfaig bestatigt (vgl. die Zusam-
menstellung von charakteristischen Parametern bell& 3). Die Verschiebungen der Pro-
tonen der Acetylliganden und die entsprechendas -Kopplungskonstanten h&ngen

Tabelle 3. Charakteristische spektroskopische Parameter dtonischen Diacetylplatin(IV)-Komplex83,
B5-B8 (5 in ppm;J in Hz).

COCHs COCH; HC(pz*)s®
X A ¢ (CIptd 8¢ ({Ipd Opt

Diacetyl(hydrido)platin(IV)-Komplexe

B3® ClI 271 44.7 (257.1) 189.0 12.39

B3b® ClI 249 40.6 (209.3) 192.3 7.97

B5a OTf 2.73(28.5) 44.2(263.9) 186.7 10.17 —1705.2
B5b OTf 2.58(17.7) 41.3(222.0) 190.5 8.08 ~1805.0

Diacetyl(methyl)platin(IV)-Komplexe

B6a OTf 248(15.4) 35.8(200.7) 189.5(939.0) 1030 ~1495.5
B6b OTf 2.31(8.9)  34.1(181.5) 193.3(944.4) 8.20 —1584.4
B7a |  247(147) 35.8(200.7) 189.2(940.0)  12.22 ~1491.2
B7b | 2.31(7.7) 34.2 (181.4)  193.2 (944.7) 8.18 ~1583.2

Diacetyl(alkinyl)platin(IV)-Komplexe

B8a OTf 2.75(13.6) 35.9(187.1) 185.0(787.9) 8.18 ~1366.5
BSb OTf 2.81(14.0) 36.4(181.2) 185.1(780.2) 8.11 ~1366.5
B8c OTos 2.72(13.3) 36.0(186.1) 185.6(795.1) 8.29 ~1380.9
B8d OTos 2.71(13.6) 36.7(181.9) 185.6(795.1) 8.32 ~1371.1

a) pz* = pz B3a, B5a, B6a, B7a); 3,5-Mepz B3b, B5b, B6b, B7b, B8) b) Bei —80°C in CCl, gemessen.
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signifikant von der Art des Tris(pyrazolyl)methaiganden ab: So sind die Protonen-
resonanzen in Verbindungen mit dem unsubstituieiteganden B3a, B5a-B7a) um
0.15-0.22 ppm zu tieferem Feld verschoben und3#ligrKopplungskonstanten sind um
6.5-9.8 Hz kleiner als in den jeweils analogen Klax@n mit dem methylsubstituierten
Liganden B3b, B5b-B7b). Im Gegensatz dazu weisen dig der Acetylliganden keine
vergleichbare Differenzierung auf. Lediglich did- Kopplungskonstanten sind iB3a,
B5aB7a um 19-46 Hz groler als in den entsprechenden Komapl&3b, B5b-B7bh.
Weiterhin sind die"**Pt-Resonanzen in Komplexen mit dem (3,5,:CH-Liganden um
ca. 90-100 ppm zu hoherem Feld verschoben als nnat@logen Komplexen mit dem
(pz):CH-Liganden, was auf eine gréf3ere Donorstarke 8@&sMepz);CH-Liganden bedingt
durch den +I-Effekt der zuséatzlichen Methylgrupgenickzufihren sein kdnnte.

Wahrend die Verschiebungen des Protons am Ruckigat (3,5-Megpz):CH-Liganden
sowohl im freien Liganden [54] als auch in den \fedoingenB3b, B5b—B7b und B8 in
einem engen Bereich um ca. 8 ppm liegt,distim Fall der Diacteylplatin(IV)-Komplexe
[Pt(COMe)R{(pz)sCH}IX (R/X = H/CI, A3a; H/OTf, B5a; Me/OTf, B6a, Me/l, B7a) im
Vergleich zum freien Liganderd{ 8.41) [55] um 1.7-3.0 ppm zu tiefem Feld verscimobe
Die GroRRe dieser Tieffeldverschiebung hangt daigeiftkant vom Anion ab &y 12.39/12.22
fur X = Cl/l, 64 10.17/10.30 fur X = OTf), was auf das Vorliegenezi C—H- - - X-Wasser-
stoffbriickenbindung in Losung deutet [56], welchehaim Festkérper voB7a CHCI,
gefunden wurde (vgl. Kapitel 2.2.2).

Die Signale der Pt—H-Wasserstoffatome (—17.98 b& 73 ppm) und auch die entsprechen-
den 'JprKopplungskonstanten (1619.7-1659.2 Hz) in den @&idthydrido)platin(IV)-
KomplexenB3 undB5 liegen im erwarteten Bereich von Hydridoplatin{&pmplexen [57].
In Lésungen von [Pt(COMeh{(3,5-R.pz)sCH}|OTf (R = H, B5a; Me, B5b) in CD;0OD
wurde ein H/D-Austausch zwischen dem Losungsmittield dem Hydridoliganden
beobachtet, welcher zusétzlich durdh-NMR-Spektren (Pt-D:dp —18.07/~18.53) belegt

werden konnte.

2.3. Diacetylplatin(Il)-Komplexe mit k*-koordinierten (2-py)sCOR-Liganden
(siehe Publikationen C und D im Anhang)

2.3.1. Einfuhrung

Bisher wurde durch formale Substitution der B—H+&@ in Tris(pyrazolyl)-Skorpionat-
liganden durch eine C—H-Gruppe der Einfluss derubgdder tridentateiN-Donor-Liganden
auf die Stabilitat und Reaktivitdt von Diacetylpidtl)- und -platin(IV)-Komplexen unter-
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sucht. In weiteren Untersuchungen sollten nun di@ddgruppen variiert werden, weshalb
Verbindungen des Typs (ROYOR in den Fokus ruckten, deren Donorzentren
Pyridin-N-Atome sind und die im ,Ruckgrat” eine i®negative OR-Gruppe (R = H, Me,
Et, Bn) aufweisen. Im Vergleich zu Pyrazol weisti@iyn sowohl eine hohere-Donor- als
auch eine hohera-Akzeptorfahigkeit auf, was zu unterschiedlichergdfischaften und
Reaktivitaten von Ubergangsmetallkomplexen mite@hesiganden fiihren kann [58].

Die ,Stammverbindung“ (Tris(2-pyridyl)methanol; (gZOR, R = H) ist gemal Schema 10
a/b durch Umsetzung von 2-Pyridyllithium mit Bis(2-pyl)keton darstellbar. Im Vergleich
zu Pyrazol sind derivatisierte Pyridine schwierigeganglich, was die gezielte Beeinflussung
der sterischen und elektronischen Eigenschaftesedieiganden deutlich erschwert. Die
C—OH-Gruppe am Ruckgrat des Liganden kann abetivedgnfach durch Williamson-
Veretherungen (R = Me, Et, Bn) modifiziert werd&cljema 10¢) [59, 60]. Auf die gleiche
Weise ist auch eine Kopplung von (§9DH an grol3ere Molekile (z. B. Dendrimere [61],
Makrocyclen [60], Polymere [62]) m&glich.

1) (2-py)2CO

Br/\ﬂLi/\Z’LHOC/\>LROC/\>
@ O ©

Schema 10.

Wie Tris(pyrazolyl)borate und -methane koordiniedéese neutralen Liganden hauptséchlich
facial (<>N,N’,N") in oktaedrischen Komplexen. Weiterhin sind — Inelsws im Fall von
(py)sCOH — auch<®N,N’ xO- [58] bzw. kN xO-Koordinationsmodi [63] bekannt. In quadra-
tisch-planaren Komplexen ist die Koordination dresgjanden aus geometrischen Grinden
auf den bidentater®N,N’-Modus beschrénkt, wobei die |Gpy),M-Gruppe auch hier eine
Bootkonformation ausbildet [58]. Als einziges stuurell charakterisiertes Beispiel mit einem
bidentat koordinierten (py¢fOR-Liganden ist der Komplex [Pd{(2-p@OH},](NOs),

in der Literatur beschrieben.

In der Organometallchemie des Palladiums und Rlagibt es bislang nur wenige Verbin-
dungen mit dem Tris(pyridyl)methanol-Liganden. Atee von Canty zum Studium von
oxidativen Additionsreaktionen von Wasser an Komelales Typs [PtR(2-py)sCOH}]|

(R = Me, Ph) stellen hier den Schwerpunkt der biigka Forschung auf diesem Gebiet dar
[64], wahrend Pd- und Pt-Komplexe mit den verethreierivaten (Rt H) Uberhaupt noch
nicht beschrieben sind. Deshalb standen in derefolgn Untersuchungen die Synthese und
vor allem die strukturelle Charakterisierung vora&tylplatin(ll)-Komplexen mit Liganden
des Typs (pyCOR (R = H, Me, Et, Bn) im Mittelpunkt der Unterswmngen.
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2.3.2. Synthese und Reaktivitat

Diacetylplatin(ll)-Komplexe des Typs [Pt(COMgR-py)sCOR}] (R = H, C3a Me, C3b;

Et, C3c; Bn, C3d) mit k°N,N’-gebundenen Tris(2-pyridyl)methanol- bzw. Tris(Zigyl)-
methylether-Liganden sind gemald Schema &l,via Ligandenaustausch aus dem
Bis(benzylamin)-KomplexX zuganglich. Auf analoge Weise konnten — zum Véegle auch
die strukturell &hnlichen Verbindungen [Pt(COM&-py).PhCOR}] (R = H, C4a
Me; C4b) und [Pt(COMe)(2-py).(mTol)COR}] (R = H, C5a, Me, C5b) synthetisiert
werden (Schema 1b), bei denen im Vergleich 203a undC3b der dritte nicht koordinierte
Pyridinring durch eine PhenylC#) bzw. m-Tolylgruppe (C5) ersetzt wurde. Die Komplexe
C3b—-C3d, C4b undC5b mit veretherten Liganden (RH) konnten auch durch Reaktion des
Platinag-diketons 1 mit den entsprechenden Liganden und anschlie3eAdgabe von
wassriger NaOH-Losung dargestellt werden (Schema dd). Alle Verbindungen
wurden als gelbe Feststoffe in Ausbeuten von 680i%6 isoliert und NMR-'d, °C, 9%Pt)
und IR-spektroskopisch sowie durch hochauflésendeddnspektrometrie (HR-ESI-MS) und
durch Rontgeneinkristallstrukturanalys&8a-C3d) eindeutig identifiziert.

Rodriguez zeigte, dass die den oben beschriebaganden des Typs (2-p¥JOR strukturell
sehr ahnliche ZinnverbindunBuSn(2-py} ebenfalls als tridentatéd-Donorligand in der
Koordinationschemie agieren kann [65]. In eigenemtetsuchungen konnten durch
Umsetzung von 2-Brompyridin bzw. 2-Brom-6-methyigyn mit n-Butyllithium und
anschlielBender Zugabe von Sp@ie entsprechenden Tetrakis(2-pyridyl)zinn-Verbingen
Sn(6-R-2-py) (R = H, D1a; Me, D1b) synthetisiert werden (Schema 12) [66]. Allerdings

@
—N COMe + (2-py)3COR
AN 3
+(2-py)3COR P Pti + NaOH
\ N COMe - NaCl, H,0
C

|03a C3b C3c C3d

BnH,N.__COMe
P R H Me & n R#H
BnHN COMe

2

AN
| +(2-py)2(3-RPh)CO
+ (2-py)2(3-R'Ph)COR —N . _-COMe . NaOH
Pt
- ~
2BnNH, N come - NaCl, H,0
\ R
c

| C4a C4b C5a C5b

R H Me H Me

Rl H H Me Me

Schema 11.
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wurden bei Umsetzungen dieser Zinnverbindungen dein Bis(benzylamin)platin(ll)-
Komplex 2 und dem Platin§-diketon1 nur schnelle, nicht selektive Zersetzungsreaktione
beobachtet. Die erhaltenen, in den Ublichen Losuitggn unléslichen, Feststoffe wurden

nicht charakterisiert (Schema 12).

Me Me
0= _CI_ ——-0.
1U; H. Pt Pt H
\O"i ( \Cl ; o
Me Me
1) "BuLi 1
p— 1 — bzw.
B 2) */4 SnCly Sn undefinierte
\ / = \ / Zersetzung
N N
. . BnH,N.___COMe
4 PN
BnH,N COMe
Dla Dib

Schema 12.

2.3.3. Strukturelle Charakterisierung

Alle Diacetylplatin(ll)-Komplexe C3 mit (2-pysCOR-Liganden konnten strukturell
charakterisiert werden, als Beispiel ist in Abbiidu8, a die Struktur vonC3b (R = Me)
gezeigt. In allen Strukturen bildet die @fy).Pt-Gruppe eine Bootstruktur mit den Pt- und
den zentralen C-Atomen des Ligandengeristes arsdiren. Die OR-Gruppe am Rickgrat
des Liganden befindet sich dabei in dquatorialer der nicht koordinierte dritte Pyridinring
in axialer Position, womit dieser zum PlatinatonigzeDer Substituent R (R = Me, Et, Bn)
und die freie Pyridingruppe nehmen eigauchePosition zueinander ein (Torsionswinkel
C—O—C—iCon 44.3(7),C3b; 47.9(7),C3c¢; 41.2(7),C3d).

®
~
L /F
—~
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Abbildung 8. a) Molekulstruktur von [Pt(COMeg)2-py)sCOMe}] (C3b). Die gestrichelten Linien zeigen
intermolekulare C—HO-Wasserstoffbriickenbindungen in Kristallen @8b an. Die Ellipsoide sind mit einer
Wabhrscheinlichkeit von 30% dargestellt. Ausgewalsiteikturelle Parameter (Abstande in A, Winkel Jn °
C6--01’ 3.35(1), H-01' 2.49, C6-H-01’ 151, C14-02 3.277(8), H-O2 2.51, C14'-H-02 139.b) Stabmo-
dell, welches die zickzack-férmige Anordnung derldkdile in Kristallen vorC3b zeigt.
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Aus Grinden der Minimierung von sterischer (@€) und elektronischer (GMe) Wechsel-
wirkung erscheint einetransoidé Anordnung der Acetylliganden (O-Atome auf unter-
schiedlichen Seiten der Komplexebene) energetisetstigger. In allen Strukturen wurden
jedoch gisoid¢ Anordnungen gefunden, was vermutlich auf intermolate Wasserstoff-
briickenbindungen unter Beteiligung der O-Atome dearetylliganden als H-Akzeptor
zuruckzufuhren ist. So sind beispielsweise im FKagthr von C3b die Molekile durch
Ausbildung von jeweils zwei intermolekularen C-B-Wasserstoffbriickenbindungen zu
zickzack-Ketten verknipft (Abbildung 8b). Die relevanten strukturellen Parameter
(C+-0 3.35(1)/3.277(8) A, HO 2.49/2.52 A, C-HO 151/139°) liegen alle im Bereich solch
schwacher attraktiven Wechselwirkungen [44].

2.3.4. Spektroskopische Charakterisierung

Die NMR-spektrokopische Analyse der strukturell lidhen KomplexeC3-C5 zeigt, dass
sowohl der Substituent R am Ruckgrat der Ligandss, auch die nicht koordinierte
aromatische Grupp&@: 2-py; C4: Ph;C5: mTol) mal3geblichen Einfluss auf die Symmetrie
der Verbindungen in Lésung haben.

Der Komplex [Pt(COMe)f(2-py)sCOH}] (C34a) ist in Losung spiegelsymmetrisch und weist,
unabhangig von der Messtemperatur, in den NMR-3peldowohl flr die beiden Acetyl-
liganden als auch flur die beiden koordinierten dgringe jeweils nur einen Signalsatz auf.
Im Gegensatz dazu sind in den bei Raumtemperatigemommen Spektren der Verbin-
dungen [Pt(COMej(2-py)sCOR}] mit veretherten Liganden (R = Me&3b; Et, C3c
Bn, C3d) diese Signale stark verbreitert. In temperatudiaigigen NMR-Untersuchungen
wurden bei héheren Temperaturen deutlich schaBegeale und bei tieferen Temperaturen
eine Aufspaltung in zwei Signalsatze beobachtets aa eine gehinderte Molekildynamik
und damit einhergehend den Verlust der Spiegelsynerie Losung deutet.

Die NMR-Spektren von [Pt(COMg])2-py).PhCOR}] (R = H,C4a;, Me; C4b), bei denen der
unsymmetrische Pyridinring durch eine symmetrisBfenylgruppe ersetzt wurde, weisen
keine Abhangigkeit vom Substituenten R auf: Beiderbihdungen sind auch bei tiefen
Temperaturen spiegelsymmetrisch in Losung. Demgédggmnverhalten sich die Verbin-
dungen mit unsymmetrischer nicht koordinierei olylgruppe [Pt(COMe)(2-py).(m-Tol)-
COR}] (R = H, C5a; Me; C5b) wie die analogen Komplex€3a/b mit nicht koordinierten
unsymmetrischen Pyridinring: Bei tieferen Tempeamtuwird im Fall der Verbindung mit

veretherten Liganden (R = MEbb) keine Spiegelsymmetrie in Losung beobachtet.
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Voraussetzung fur eine Spiegelsymmetrie der Didglettyn(I1)-Komplexe C3—C5 in Lésung
ist die freie Drehbarkeit der Acetylliganden, wedchufgrund zahlreicher experimenteller
Befunde in allen Fallen als gegeben betrachtet eveicann [16, 19, 67]. Somit muss die
beobachtete Dynamik mit einer gehinderten bzw. tnigehinderten Rotation der
unsymmetrischen nicht koordinierten Pyridi©3) bzw. m-Tolylgruppe C5) und/oder der
OR-Gruppe zusammenhangen. Die Beobachtungen lasd@mnen, dass der sterische
Anspruch von R dabei eine entscheidende Rolletspiel

Um die Aktivierungsparameter der potentiellen Rotatbarrieren in den Verbindungen
C3b-d und C5b experimentell zu bestimmen, wurd&i-NMR-Spektren bei verschiedenen
Temperaturen im Bereich der Koaleszenztempera{liken 296 K,C3b; 301 K,C3c, 303 K,
C3d; 302,C5b) aufgenommen. Durch Full-Lineshape-Analysen (gNMB], Abbildung 9)
der Acetylsignale wurden die fir die Eyring-Auftteng (Ink/T) gegen 1T, Abbildung 10)
benétigten Geschwindigkeitskonstanten berechnete Biktivierungsenthalpien AH)
und -entropienAS") der Verbindungei©3b—d sind mit 9.1 bis 9.3 kcal- mdlbzw. —18.2 bis
—19.1 cal-mof-K™ sehr ahnlich, wahrend die f@5b ermittelte Aktivierungsenthalpie um

ca. 2.5 kcal- mot und die Aktivierungsentropie um ca. 10.2 cal-Th&™ groRer ist.

@ ®
M 10 °C
W L 15 °C
j_/\/ k 20 °C
ﬂ 25°C
j\/\ 30 °C
A 40 °C
A AC

1.9 1.8 1.7 1.9 1.8 1.7 ppm
Abbildung 9. Temperaturabhéngig#i-NMR-Spektren vorC3d im Bereich der Acetylsignale (* Verunreini-
gung). a) Gemessen. b) Simulierte Spektren, ausndaie Geschwindigkeitskonstanten berechnet wosieh
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Abbildung 10. Eyring-Auftragung zur Bestimmung der Aktivierungsgmeter der gehinderten Rotationen in
den KomplexerC3b—d undC5b.

2.3.5. Zu dynamischen Prozessen in DiacetylplatinftiKomplexen

Um einen weiteren Einblick in diese Molekildynanzla erhalten, sind fur [Pt(COMge)
{(2-py)3sCOMe}] (C3b), [Pt(COMe}{(2-py)(m-Tol)COMe}] (C5b) und zum Vergleich auch
fur [Pt(COMe)}{(2-py)sCOH}] (C3a) umfangreiche quantenchemische Rechnungen auf
DFT-Nivead durchgefilhrt worden [69]. Berechnungen der Gledetightsstrukturen
verschiedener moglicher Isomere zeigten, dass elesils stabilste berechnete Isomer den
experimentell ermittelten Strukturen mit Ausnahnee dransoidefi Anordnung der Acetyl-
liganden entspricht (vgl. die Rontgeneinkristallgturanalysen in Kapitel 2.3.2). Der nicht
koordinierte Pyridinring inC3a*, C3b*? bzw. diem-Tolylgruppe inC5b* befinden sich in
axialer Position der Bootstruktur der @gy).Pt-Gruppe und igauchePosition zum Substi-
tuenten R (Abbildung 18).

Fur die Drehung des nicht koordinierten Pyridineagmgauchelsomer vonC3a* (R = H)
wurden zwei verschiedene Rotationsbarrieren beetqdr2vs. 13.7 kcal/mol; Abbildung 11,

a — c). Somit ist keine vollstandige Drehung um 360° ewwarten, sondern eine
flip-flop-Bewegung, bei der das N-Atom des Pyridiiges zum Substituenten R = H zeigt. In
Ubereinstimmung mit dem Experiment lasst die baretd Rotationsbarriere (4.2 kcal/mol)
erwarten, dass diese (symmetrieerhaltende) Bewegudly bei tieferen Temperaturen nicht

eingefroren ist. Weiterhin wurde gezeigt, dass alaslsomer vonC3a* keine Rolle spielt,

! Die quantenchemischen Rechnungen wurden danketesweise von Dipl.-Chem. T. Kluge durchgefiihrt.

% Hier und im Folgenden sind berechnete Komplexeainiem Stern gekennzeichnet. Grundsétzlich sinth-nac
folgend freie Enthalpien unter Standardbedingungegegeben. Losungsmitteleinflisse (Methanol) sind i
Rahmen des Polarisationsmodells von Tomasi (PCMlarizable continuum model) beriicksichtigt.
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Abbildung 11. Diagramm fur die freie Aktivierungsenthalpie (inakenol in Relation zum stabilsten Isomer)
verschiedener MolekiilbewegungenGBa* (ts = Ubergangszustand; Ip = freies Elektronenpawar= koordi-
nierter Pyridinring). Die Newman-Projektionen zeigdie Verbindung entlang der O—C-Bindung im Rickgra
des Liganden.

da zum einen die fur digaucheanti-lIsomerisierung erforderliche Drehung des Subgtiere
R = H (Abbildung 11a — e€) eine hdhere Aktivierungsbarriere als die flipgiBewegung im
gauchelsomer aufweist (6.2s. 4.2 kcal/mol) und zum anderen die Drehung desdifri
ringes imanti-Konformer zusatzlich durch Rotationsbarrieren bdhrt ist € — Q).

Auch im Fall von KomplexC3b* mit einem veretherten Liganden (R = Me) wurdendigr
Drehung des nicht koordinierten PyridinringesgaucheKonformer zwei Rotationsbarrieren
gefunden, die beide jedoch von vergleichbarer Groftkmung (17.8/19.5 kcal/mol;
Abbildung 12,a — ¢) sind und deutlich héher liegen als@8a*. Somit kann sowohl eine
flip-flop-Bewegung, als auch eine volle 360°-Ratatiausgeschlossen werden. Im Vergleich
dazu ist die Barriere fir den Ubergang vgauche-n dasanti-Konformer um ca. 4 kcal/mol
kleiner (Abbildung 12a — €). Im anti-Konformer vonC3b* ist, ahnlich wie oben fir das
gauchelsomer vonC3a* beschrieben, eine flip-flop-Bewegung des Pyridiges moglich
(Abbildung 12,e — g), wobei das N-Atom des nicht koordinierten Pyridiges zum Platin-
atom zeigt (Abbildung 14, unten).

Die Ergebnisse der Berechnungen fur Kompl&b* mit einer nicht koordiniertem-Tolyl-

gruppe sind sehr ahnlich z03b. Der einzige wesentliche Unterschied ist eine mahe
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Abbildung 12. Diagramm fur die freie Aktivierungsenthalpie (inakenol in Relation zum stabilsten Isomer)
verschiedener MolekiilbewegungenG8b* (ts = Ubergangszustand; Ip = freies Elektronenppwr= koordi-
nierter Pyridinring). Die Newman-Projektionen zeigdie Verbindung entlang der O—C-Bindung im Rickgra
des Liganden.

barrierelose vollstdndige Drehbarkeit de¥Tolylgruppe im anti-Konformer. Wahrend in
C3a* (R = H) die Symmetrie des Komplexes in Loésung dueme flip-flop-Bewegung des
nicht koordinierten Pyridinringes erhalten bleiiiss inC3b* (R = Me) undC5b* (R = Me)
erst einegaucheanti-lIsomerisierung stattfinden, um eine Bewegung dgslidringes bzw.
der mTolylgruppe, die die Symmetrie in Losung aufre@rhalt, zu ermoglichen. Das
entspricht in vollem Umfang den experimentell etatien Beobachtungen: Die berechneten
AktivierungsbarrierenXG,gs = 13.6 kcal/molC3b*; 14.5 kcal/molC5b*) fir diese Isomeri-
sierung liegen im Bereich der experimentell errtete Werte AGygs = 14.6 kcal/molC3b;
15.3 kcal/mol C5b).

2.4. Diskussion der Ergebnisse

Im Rahmen der vorliegenden Arbeit sind Untersuclangur Synthese und Reaktivitat
sowie zu Eigenschaften von quadratisch-planarecebyiplatin(Il)-Komplexen mitc®N,N’-
koordiniertenN-Donorliganden der Typen (§zBR, (pZ)sCH und (py}COR’ durchgefiihrt
worden. Gemal3 Schema EH3— ¢ bzw. b — d sind Diacetylplatin(ll)-Komplexe mit
«>-koordinierten Tris(pyrazolyl)borat-Ag) und -methan-LiganderB@) aus dem Platinf-
diketon1l via Diacetyl(hydrido)platin(IV)-Komplex@&4/B3 als Zwischenstufen zuganglich.
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Schema 13.

Ligandenaustauschreaktionen ausgehend vom Bis(laenyplatin(Il)-Komplex2 gelangen
dagegen nur fir die Komplex&/7, nicht aber fur die Verbindungd¥ mit Tris(pyrazolyl)-
methan-Liganden (Schema 13f). Diacetylplatin(ll)-Komplexe mit k*-koordinierten
Liganden des Typs (;GOR’ (C3) bzw. (py»(Ph)COR’ C4) und (py}(m-Tol)COR’ (C5)
waren ausgehend véh(Schema 13g/h) zugéanglich. Im Fall veretherter Liganden (RH)
konnte gezeigt werden, dass die Verbindun@8aC5 auch in der Reaktionsfolge Platifia-
diketon 1 — Hydridoplatin(IV)-Komplex — Diacetylplatin(ll)-Komplex zuganglich sind,
wobei die Hydridokomplexe nicht isoliert wurden (8ma 13j — j bzw.k — 1).
Untersuchungen zur oxidativen Addition an Diacdgtip(ll)-Komplexen mit Tris-
(pyrazolyl)borat-Liganden zeigten, dass die Komplasa und A7 mit Alkyhalogeniden zu
den neutralen Diacetyl(alkyl)platin(IV)-KomplexekB bzw. A10 reagieren(Schema 14a).
Die Umsetzungen der Komplexd&4 mit Methyliodid bzw. Trifluormethansulfon-
sauremethylester fuhrten zur Bildung der katiorescbiacetyl(methyl)platin(IV)-Komplexe
B6/B7 mit k*-koordinierten Tris(pyrazolyl)methan-Liganden (Setee14,b). Umsetzungen
von B4 mit Trifluormethansulfonsaure lieferten die Diagétydrido)platin(IV)-Komplexe
B5 (Schema 14¢), welche im Gegensatz zu den Hydridokomplex@$ (Schema 13)

thermisch stabil sind. Reaktionen der Diacetylpi@)-PrecursorkomplexeA6, A7
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Schema 14.

und B4 mit Alkinyliodonium-Verbindungen zeigten, dass kska kationische Diacetyl-
(alkinyl)platin(IV)-Komplexe B8) nur bei Verwendung des (3,5-Me)CH-Liganden
zuganglich sind (Schema 1dj),

Uber die Donorstarke von Tris(pyrazolyl)borat- wimdethan-Liganden
Es kann davon ausgegangen werden, dass die ameni§8,5-Bpz);BH-Liganden starkere
Donoren sind als die neutralen (3,539R:CH-Liganden. Des Weiteren sind die methyl-
substituierten Derivate (R = Me) infolge des indudm Effektes der Methylgruppen starkere
Donoren als die ,Stammverbindungen* (R = H). DainitUbereinstimmung stehen die
GroRen defJprKopplungskonstanten in den Hydridoplatin(IV)-Korepén [Pt(COMeH-
{(3,5-Rpzy:BH}] (R = H, Ada, 1522 Hz; Me, Adb, 1496 Hz) und [Pt(COMehl-
{(3,5-Rzpz):CH}JOTf (R = H, B5a, 1659 Hz; MeB5b, 1637 Hz). Diese Werte spiegeln eine
Abstufung imtrans-Einfluss

(3,5-MepzBH™ > (pz3BH™ > (3,5-Mepz):CH > (pz}CH
wider.
Eine Einordnung der Donorstarke des Tris(pyridyfmaeol-Liganden und seiner veretherten
Derivate ist schwierig. Auf der einen Seite ist iBiyr ein starkerers-Donor (und auch
starkererr-Akzeptor) als Pyrazol [58], auf der anderen Skl&bt offen, wie die OH- bzw.
OR-Substitution am Ruckgrat des Liganden die Ddadke beeinflusst.

Zur Synthese von Diacetylplatin(ll)-Komplexen absge vom Plating-diketonl
In Analogie zu zahlreichen Umsetzungen vom Plafiitiketon 1 mit bidentaten und mono-

dentatenP-, N-, S und O-Liganden kann davon ausgegangen werden, dass kalsoh
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Reaktionen mit tridentaten Tris(pyrazolyl)borat- durmethan-Liganden, als auch mit

veretherten Tris(pyridyl)methanol-Liganden geméa@k&iensschema 15 ablauft.
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Schema 15.

Im ersten Reaktionsschritt (Schema apwerden die labilen Pt—CIl-Pt-Briicken des Platina-
B-diketonsl unter Bildung von mononuklearen Platipraliketonen gespalten, die aber in der
vorliegenden Arbeit nicht nachgewiesen wurden. Betliel3t sich eine H-Verschiebung an,
die im Sinne einer oxidativen Addition zu Hydridaph(IV)-Komplexen fuhrtl§). Es ist klar
belegt, dass in diesen Komplexen der Ligand triste®®N,N’,N") koordiniert ist. Das ist ein
wesentlicher Unterschied zu den zuvor erwdhntendtimagen mit bidentaten Liganden, bei
denen Hydrido(chlorido)platin(IV)-Komplexe wie [RXOMe)CI(H)(N~N)] gebildet werden
[14, 16]. Eine baseninduzierte Abspaltung des Hialiganden fuhrt schlie3lich zu Diacetyl-
platin(I1)-Komplexen mitN,N’-koordinierten Liganden (Schema 5,

Die Umsetzung vonl mit Alkoholderivaten (pyyCOH bzw. (py)PhCOH und
(py)2(m-Tol)COH fuhrte nur zu einem Gemisch aus nicht idizirerten Verbindungen. Weil
fur die Darstellung der entsprechenden Komplexeagiderer nitzlicher Syntheseweg zur

Verfiigung stand (vide infra), wurden die Ursachefudnicht weiter untersucht.

Zur Synthese von Diacetylplatin(ll)-Komplexen atsgel vom Bis(benzylamin)platin(ll)-
Komplex2

Umsetzungen von [Pt(COM#£NH2BnN),] (2) mit den tridentaten Liganden verlaufen im Sinne
eines einfachen Ligandenaustausches von zwei matadda Aminliganden (NHBn) durch
einen mehrzahnigen Liganden, der in den gebildé&&emplexen A6/7, B4 und C3-5
(Schema 13¢-h) bidentat ¢°N,N’) koordiniert ist.

Diese Reaktionen verlaufen mit den anionischen(gyrazolyl)borat- und den neutralen
(py)sCOR-Liganden sehr schnell und fihren im Allgemeirmen hohen Ausbeuten der
entsprechenden Diacetylplatin(ll)-Komplexe. Im Gegpiz dazu sind bei analogen
Umsetzungen mit Tris(pyrazolyl)methan-Liganden ke Reaktionen zu beobachten.
Ursache dafir ist wahrscheinlich die vergleichseaishwache Donorstarke dieser Liganden.

Das wird eindrucksvoll durch folgenden Sachverbalegt: Zum einen bildet sich nicht ein-
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mal der schwer losliche Komplex [Pt(COMgpz)sCH}] (B4a) auf diesem Wege, zum
anderen reagiert dieser mit Benzylamin unter Aliepgl des (pzCH-Liganden und Bildung
von 2 (vgl. Kapitel 2.2.2.)

Zur Molekuldynamik in Diacetylplatin(ll)-Komplexemt Tris(pyrazolyl)methan-Liganden

Die Diacetylplatin(ll)-Komplexe mit Tris(pyrazolyhethan-Liganden zeigen bei Raum-
temperatur eine ausgepragte Molekiildynamik, dietz derk®N,N’-Koordination — zu einer
chemischen und magnetischen Aquivalenz aller dyea®lylringe fihrt. Quantenchemische
Rechnungen auf DFT-Niveau zeigen, dass wahrschbkiiti ersten Schritt ein Ubergang zu
einem T-férmigen Komplex mit einem nuwN-koordinierten (3,5-Bbz)sCH-Liganden im
Sinne eines dissoziativen Mechanismus erfolgt. Belgt eine erneut&®N,N’-Koordination
des Liganden, nachdem durch interne Rotation deorzoicht koordinierte Pyrazolylring in
die entsprechende Position gebracht wordersyst-&nti-lsomerisierung, vgl. Kapitel 2.2.4.).
Im Unterschied dazu zeigen die analogen Komplexeden anionischen Skorpionatliganden
keinerlei Molekuldynamik. Das findet seine zwangldsrklarung in der starkeren Donor-
wirkung dieser Liganden, wodurch die Dissoziationines Pyrazolylringes
(k°N,N’ — «N) erheblich erschwert ist.

Interessanterweise treten bei den Diacetylplajpi{implexen mit (pydCOR-Liganden eben-
falls dynamische Prozesse auf, die aber NMR-spgkbdqmschen Untersuchungen und
guantenchemischen Rechnungen zufolge ihren Urspramipt in einer Dekoordi-
nation/Rekoordination eines Pyridinringes habenndson auf (teilweise) gehinderte
Rotationsbewegungen der (nicht koordinierten) Suesiten am zentralen C-Atom des
Liganden zurtckzufiihren sind. Insgesamt steht di€sehverhalt mit einer relativ starken
Koordination dieser Liganden im Einklang.

Zur Stabilitat von Diacetylplatin(ll)-Komplexen ibsung

Wahrend Diacetylplatin(ll)-Komplexe mit (3,5:8z:BH™- (A6) und (py3COR-Liganden
(C3) in Losung und unter anaeroben Bedingungen Ubegel® Zeit stabil sind, war in
Losungen von [Pt(COMg)3,5-Ropz)sCH}] (B4) eine innerhalb weniger Stunden begin-
nende Zersetzung zu beobachten.

Diese Eigenschaft der Komple®sst steht in Ubereinstimmung mit den quantenchemischen
Berechnungen bezuglich der Molekildynamik. Diesgtea, dass — infolge der vergleichs-
weisen schwachen Koordination der Tris(pyrazolytime-Liganden — T-férmige Komplexe
mit kN-gebundenen Liganden leicht zugénglich sind, wagrand der freien Koordinations-

stelle rasche Zersetzungsreaktionen erméglichen. Kdm konnte in friiheren Untersuchungen
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zur Reaktivitat und Stabilitat von Acetylplatindomplexen gezeigt werden, dass — gemani
Schema 16 - die Extrusion von CO eine typische tWwakvon T-férmigen
Intermediaten ist, die durch Dissoziation eineddab(@) bzw. hemilabilen Liganderb) oder
durch Abspaltung eines Chloridoliganded) (@ebildet worden sind [19, 70]. Im Fall der
Bis(amin)platin(ll)-Komplexe stellt diese Reaktiaiabei den einleitenden Schritt zur voll-
standigen Zersetzung dieser Verbindungen dar (Satiéna) [19], wobei dieser Prozess, wie
auch fur [Pt(COMe)(3,5-Meypz)sCH}] (A6b) beobachtet, in Losungsmitteln mit hoherer
Donorfahigkeit (z.B. Methanol, THF) aufgrund deraltisierung der T-formigen Inter-
mediate deutlich langsamer ablauft als in nichtrédooerenden Losungsmitteln wie Methyl-

enchlorid oder Chloroform.

weitere
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Schema 16.

Zur Stabilitat von Alkinylplatin(IV)-Komplexen

Diacetyl(alkinyl)platin(IV)-Komplexe konnten nur iAnwesenheit von (3,5-Mpz);CH als
Coligand isoliert werden (Schema 19, Die experimentellen Befunde lassen vermutens das
die entsprechenden Komplexe [Pt(COMEECR){(pz)sCH}IX mit unsubstituierten Tris-
(pyrazolyl)methan-Liganden und [Pt(COME=CR){(3,5-R’2pz:BR"}] (R'/R” = H/H,
Me/H, H/pz) mit Skorpionatliganden zwar gebildet rden sind, aber thermisch instabil
waren und sich bei der Isolierung zersetzten.

Der einleitende Schritt bei der Zersetzung von H#owtiv gesattigten Organylplatin(IV)-
Komplexen sind oftmals reduktive C—H- oder C—C-Hhimrungen, wobei in vielen Fallen
die Schaffung einer freien Koordinationsstelle (dli® Bildung eines fiinffach koordinierten
Intermediates) die entscheidende VoraussetzunddsirAblaufen dieser Reaktionen ist [71].
Ubertragen auf Diacetyl(alkinyl)platin(1V)-Komplexmit facial ¢3N,N’,N") koordinierten
Tris(pyrazolyl)borat und -methan-Liganden entsgricttas der Dekoordination eines
Pyrazolylringes unter Ausbildung einaN,N’-Ligandkoordination. Wahrend Diacetyl-
(alkinyl)platin(IV)-Komplexe mit Skorpionatligandeneutral sind, handelt es sich bei ana-
logen Verbindungen mit Tris(pyrazolyl)methan-Ligendum kationische Komplexe. Die

positive Ladung am Metallzentrum erschwert die Disation eines Pyrazolylringes, was
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maoglicherweise zu einer allgemein hoheren Stabild&r Diacetyl(alkinyl)platin(IV)-
Komplexe mit diesen Liganden fihrt. Die hohere Hitab von [Pt(COMe)(C=CR-
{(3,5-Meypz);CH}] (B8) im Vergleich zu den Verbindungen mit unsubstitige (pz)CH-
Liganden konnte in einer starkeren Koordination 35-Mepz);CH-Liganden aufgrund des
+|-Effekts der zusatzlichen Methylgruppen und/odesterischen Effekten begriindet sein.

Zum Einfluss der Methylgruppen auf EigenschaftethReaktivitat der Verbindungen

Im Allgemeinen kénnen durch eine Modifizierung d&razolylringe Tris(pyrazolyl)borat-
Liganden hinsichtlich ihrer sterischen und/odekitmischen Eigenschaften variiert werden
[24]. Die Analyse der C=0-Streckfrequenzen in Koexegih des Typs [Mn(CQ)
{(3,5-RR’pz);CH}] deutet hingegen darauf hin, dass es im Fafl Vois(pyrazolyl)methan-
Liganden keinen signifikanten Einfluss des Substinsmusters der Pyrazolylringe auf die
Donorfahigkeit dieser Liganden gibt [39].

Damit in Ubereinstimmung hat die Einfilhrung von Mggruppen an Position 3 und 5 im
Fall der Diacetylplatinkomplex@&4—6 mit Skorpionatliganden einen geringen Einfluss auf
NMR-spektroskopische Parameter. So deuten beigmels die schwache Hochfeld-
verschiebung def®®Pt-Resonanzen und die kleiner&p, 1. und 2Jp, Kopplungskonstanten
der Acetylliganden in Verbindungen mit dem methpkstituierten Liganden
(3,5-Mepz)sBH  auf eine etwas hohere Donorstarke dieser Ligang®anVergleich zu
(pz:BH . Deutlich ausgepragter dagegen sind bei den KoraplgPt(COMeX(pz)s;CH}]
(B4a) und [Pt(COMe)(3,5-Me,pz):CH}] (B4b) Unterschiede in der Ldslichkeit
(vgl. Kapitel 2.2.2), Reaktivitat (Bildung stabilélkinylplatin(lV)-Komplexe) und Mole-
kuldynamik (vgl. Kapitel 2.2.4). Letzteres ist alvech quantenchemischen Untersuchungen
eher auf sterische Effekte als auf induktive Eéektirtickzuftihren.

Weiterhin wird die C—H-Gruppe am Ruckgrat der Tnsazolyl)methan-Liganden durch die
Methylgruppen an Position 5 effektiv abgeschirmgl(vAbbildung 13), weshalb in den

Abbildung 13. Raumfiillendes Modell der berechneten Kationen [BN@),Me{(pz)sCH}]I (B7a’, links) und
[Pt(COMe}Me{(3,5-Me,pz);CH}]I (B7b’, rechts) mit Blick entlang des C—H—Pt-Vektors (deigrau darge-
stellt).
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kationischen  Komplexen [Pt{(COM#){(3,5-Mepz:CH}CI  und [Pt(COMe}Me-
{(3,5-Meypz):CH}]I im Gegensatz zu den analogen Komplexen nads(pH-Liganden keine
C—-H- - -Halogen-Wasserstoffbriicken ausgebildet wekdenen.

Zur oxidativen Addition von Alkylhalogeniden

Die Umsetzung von [Pt(COMg]pz)sBH}] (A6a) und K[Pt(COMeX(pz)4sB} (A7) mit
Alkylhalogeniden bzw. [Pt(COMg)(pz)sCH}] (B4a) und [Pt(COMe)(3,5-Meypz):CH}
(B4b) mit Methyliodid fiihrte zur Bildung von Alkylplat(IV)-Komplexen mit
>N,N’,N” -koordinierten Tris(pyrazolyl)borat- bzw. -methaiganden (Schema 14/b). Es
ist bekannt, dass derartige Reaktionen meistens éimen {2-analogen Mechanismus
verlaufen [72].

Diese Reaktionen kénnen — obwohl keine Koordinaties Halogenids erfolgt — als oxidative
Additionen im erweiterten Sinne aufgefasst werdéh Prinzipiell ware zwar auch eine
.Klassische" oxidative Addition denkbar, der eirgandenaustausch (%~ pz) nachgelagert
ist. Das ist aber wenig wahrscheinlich, da durca Bbootstruktur der Bpz)Pt- bzw.
C(u-pz)Pt-Gruppe das Platinzentrum relativ gut abgeschisimtVielmehr ist anzunehmen,
dass der in der Nahe des Platinzentrums positiendggitte Pyrazolylring unmittelbar nach
dem elektrophilen Angriff von R—X an Pt die freiechste Koordinationsstelle besetzt oder

die Ubertragung des’FFragments und die Pyrazolylkoordination synchrolaafen.

Im Rahmen der vorliegenden Arbeit wurden ausgehermin PlatinaB-diketon
[Pt{(COMe).H}2(u-Cl);] (1) Diacetylplatin(ll)-Komplexe mit bidentat koordarten
Liganden der Typen (PeBR, (pZ)sCH und (py}COR’ synthetisiert und umfassend
spektroskopisch und strukturell charakterisiert.s Dgpische strukturelle Merkmal dieser
Verbindungen ist eine weitere Donorgruppe, die aufd der Ligandenstruktur in unmittel-
barer Nahe des Platinzentrums positioniert ist. Rée dieses ,Ligandenarms” in oxidativen
Additionsreaktionen wurde ebenso wie der Einflussldadung, des Substitutionsmusters und
der Natur der Donorgruppe dieser potentiell tridesmt Liganden auf Eigenschaften, Stabilitat
und Reaktivitdt der Diacetylplatin-Komplexe unterisu Die Ergebnisse dieser Unter-
suchungen belegen das au3ergewdhnliche Synthesegbotier Plating3-diketone und damit
einhergehend die grof3en Mdoglichkeiten zum Studiwum Elementarschritten an Diacetyl-
platin-Komplexen, die sowohl in der metallorgansechChemie als auch der homogenen
Katalyse von grundsétzlicher Bedeutung sind.
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3. Zusammenfassung

Organoplatinkomplexe sind aufgrund ihrer thermodyisghen und/oder kinetischen
Stabilitat fur die Untersuchung und ldentifizierungpktiver Zwischenstufen in homogen-
katalytischen Reaktionen und fur das Studium voententarschritten der Organometall-
chemie pradestiniert. So bietet beispielsweiseetiggronisch (16 ve) und koordinativ unge-
sattigte Platingg-diketon [P{(COMe),H}»(u-Cl)2] (1) Zugang zu einer breiten Palette an
Diacetylplatin-Komplexen mit bidentateN-Donorliganden, welche zum Studium von
oxidativen Additions- und reduktiven Eliminierungaktionen geeignet sind. Ziel der Arbeit
war, ausgehend vom Platifiadiketonl, die Synthese und umfassende Charakterisierung von
Diacetylplatin-Komplexen mit potentiell tridentated-Donorliganden. Dabei sollten die
Reaktivitat, die Stabilitdt und die Eigenschaftaeasdr Verbindungen in Abhangigkeit der
Ladung, des Substitutionsmusters und der NaturDaerorgruppe untersucht werden. Die

dabei erzielten Ergebnisse lassen sich wie folgammenfassen:

Uber Hydridoplatin(IV)-Komplexe

cl
N\ ‘ /COMe CHCly
Pt
N" | “come @
b N
He y
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1. Reaktionspfada undb. Die Umsetzungen des Platifadiketonsl mit K[(3,5-R,pz)BH]
und (3,5-Rpz)CH (R = H, Me) fiihrte zur Bildung von Diacetytrido)platin(IV)-
Komplexen der Typem4 bzw. B3. Wahrend die neutralen Verbindungéd mit
Tris(pyrazolyl)borat-Liganden als sehr stabile Bedte isoliert und mittels Elementar-
analyse, NMR- H, °C, **Pt) und IR-Spektroskopie sowie durch Réntgeneitidtis
strukturanalyse vollstdndig charakterisiert wurdemwiesen sich die kationischen
Hydridokomplexe B3 mit Tris(pyrazolyl)methan-Liganden als thermischbil. Die
Konstitution dieser Verbindungen konnte jedoch HurGeftemperatur-NMR-Unter-
suchungen sichergestellt werden.

2. Reaktionspfade und d. Die Hydridoliganden der Komplex&4 und B3 konnten durch
Basen wie KOMe, NEtoder NaOH abstrahiert werden, was zur Bildunglacetylpla-
tin(I)-Komplexe A6/B4 mit «*koordinierten Tris(pyrazolyl)borat- bzw. -methan-
Liganden fuhrte. Die Konstitution dieser Verbindengwurde mittels hochauflésender
Massenspektrometrie (HR-ESI-MS), NMR- und IR-Spes$ttopie sowie durch Réntgen-
einkristallstrukturanalyseBé) belegt. Im Gegensatz zu den Verbindungéwurde bei
den neutralen KomplexeB4 ein schneller Austausch zwischen koordinierten nictit
koordinierten Pyrazolylringen beobachtet, dem wetheglich ein dissoziativer Mecha-
nismus zugrunde liegt.

3. Reaktionspfa@. Kationische Hydridokomplexe des TyBS mit Tris(pyrazolyl)methan-
Liganden konnten durch Umsetzung der DiacetylpldjKomplexe B4 mit Trifluor-
methansulfonsaure erhalten werden. Die Konstitutdhaser Verbindungen wurde
massenspektrometrisch (HR-ESI-MS) und spektroskbpsschergestellt. Im Vergleich
zu den HydridokomplexerB3 waren diese Verbindungen sehr stabil, was den
erheblichen Einfluss des Gegenions (Q&f Cl) auf die Stabilitat dieser kationischen
Hydridoplatin(IV)-Komplexe zeigt.

4. Reaktionspfadf. In chlorierten Losungsmitteln wurde eine Zersetguer Diacetyl-
(hydrido)platin(IV)-KomplexeA4 und B5 nach einemradikalischen Reaktionsmecha-
nismus beobachtet. Im Fall vé@ konnten die entsprechenden Chloridokomplé&sen

hoher Reinheit isoliert und vollstéandig charakieriswerden.
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Zur Reaktivitat von [Pt(COMeg(NH.Bn)] (2)

BnH,N ~_COMe
BnH,N”~  COMe

9|l ~

K[RB/C\N)J HC/(\N)s BNNH, @ R'OC/<\N>2
~, /COM - _COMe N._ _COMe
(KN COMe] (FN/PI\COMe ((N/Pt\COMe
HC R'OC
\_N L
R =H (A6), pz (A7) B4 L = py (C3), Ph (C4), m-Tol (C5)

5. Reaktionspfada. Die Diacetylplatin(ll)-KomplexeA6/7 mit k*-koordinierten Tris- und
Tetrakis(pyrazolyl)borat-Liganden waren ausgeheram vBis(benzylamin)platin(ll)-
Komplex 2 in Ligandenaustauschreaktionen zugénglich. Im Gssme zu den Verbin-
dungenA6 konnte KomplexA7 mit Tetrakis(pyrazolyl)borat-Liganden nur gemagsair
Syntheseroute dargestellt werden und wurde mass@ngmetrisch (HR-ESI-MS),
spektroskopisch und als Kronenetheraddukt aucktsiell charakterisiert.

6. Reaktionspfadeb und c. Die Diacetylplatin(ll)-KomplexeB4 konnten nicht durch
Umsetzung des Bis(benzylamin)platin(ll)-Komplex&s mit Tris(pyrazolyl)methanen
erhalten werden, weil das Gleichgewicht dieser Reakvollstindig auf Seiten der
Edukte liegt. Dementsprechend wurde gezeigt, dasKkamplexeB4 mit Benzylamin zu
2 reagieren.

7. Reaktionspfadd. Die Umsetzungen von [Pt(COME&YH2Bn),] (2) mit (py:COR’
(R’ = H, Me, Et, Bn), (2-py(Ph)COR’ bzw. (2-pyy(m-Tol)COR’ (R’ = H, Me) fluhrte
zur Bildung der Diacetylplatin(ll)-Komplex€3-5 mit bidentat koordinierten Liganden.
In Abhangigkeit von R’ wurde eine gehinderte Molekinamik beobachtet, die auf
sterische Wechselwirkungen zwischen der nicht kaeden Pyridyl-m-Tolylgruppe

und dem Substituenten R’ zurtickzufiihren ist.
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Zur Reaktivitat von Diacetylplatin(ll)-Komplexenamidativen Additionsreaktionen

Me
Vex N\FL/COMe
PR X
/ (6) N” | “come
N
N com R He/
\Pt/ € N\ ‘ /COMe N\PI/COMe B6/7
/ ~N
COMe Pt PN
K (‘N R'X N/ ‘ \COMe FN COMe
RB ( N HC R"
\_ N @ RB_/ \_N |
A6a/AT (R = H, pz) A0 B4 ﬁ

c
N_ | COMe
\_ [IPh(C=CRY ~p”
SN Y
@ N" | “cowme
ol

He/

B8
Ho [N, = @5MepaCH

8. Reaktionspfada. Die oxidative Addition von R’X (R'’X = Mel, Etl, BBr) an die
Diacetylplatin(ll)-Komplexe A6a und A7 lieferte die neutralen Alkylplatin(IV)-
Komplexe A9/10. Die Konstitution dieser Verbindungen wurde eletagamalytisch,
spektroskopisch sowie durch eine RontgeneinkrsdtakturanalyseA9c) sichergestellt.

9. Reaktionspfadb. Die kationischen Diacetyl(methyl)platin(IV)-Konmg{eB6 undB7 sind
durch Umsetzung der Diacetylplatin(ll)-Komplex2t mit Trifluormethansulfonsaure-
methylester bzw. Methyliodid zuganglich. In [Pt(C@mMe{(pz)sCH}]I (B7a) liegt
sowohl im Festkorper als auch in Lésung ein C—HA/akserstoffbricke zwischen der
C—H-Gruppe am Rickgrat des Liganden und dem Gegéhjovor.

10. Reaktionspfad. Umsetzungen von Diacetylplatin(ll)-Komplexen rAikinyliodonium-
Verbindungen ([IPh(ECR”)]X; R” = SiMe s, Ph,'Bu, iPr) lieferten nur unter Verwen-
dung von (3,5-Mgz:CH als Coligand stabile Diacetyl(alkinyl)platin(AKomplexe.
Die Konstitution der KomplexeB8 ist massenspektrometrisch (HR-ESI-MS), NMR-

spektroskopisch und auch durch Rontgeneinkristaksiranalysen belegt.

Die Ergebnisse dieser Arbeit belegen das herausdag&ynthesepotential der Platipa-
diketone zur Darstellung von Diacetylplatin(ll)- dinplatin(IV)-Komplexen mit potentiell
tridentaterN-Donorliganden. Weiterhin konnte gezeigt werderg welfaltig der Einfluss der
Ladung, des Substitutionsmusters und der Natur dBonorgruppe dieser
Liganden auf Eigenschaften, Reaktivitdit und Stehilivon Platin(ll)- und Platin(IV)-
Komplexen sein kann. Die vorliegenden Ergebnisseigern damit die Kenntnisse auf dem
Gebiet der Koordinationschemie und Organometalléherdes Platins mit facial

koordinierenden tridentatédrDonorliganden.
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ABSTRACT: Reactions of the dinuclear pl QW [Pt,{(COR),H},(u-Cl),] (1) with K[(pz);BH] and K[(3,5-
S

Me,pz);BH] (pz = pyrazolyl; 3,5-Me,pz =(8,5-dimet azolyl) afforded neutral diacetyl(hydrido)platinum(IV) complexes
[Pt(COMe),H{(pz);BH}] (4a) and. (3,5-Me,pz),BH}] (4b), bearing x’-bonded tris(pyrazolyl)borate
(scorpionate) ligands. These comp Swere f o decompose in chloroform solution under formation of the respective
chlorido complexes Pt(COMe) z) (Sa) and [Pt(COMe),CI{(3,5-Me,pz);BH}] (5b) as the initial step.
Diacetylplatinum(II) complexe K2 c jnated scorpionate ligands (K[Pt(COMe),{(pz);BH}], 6a; K[Pt(COMe),{(3,5-
Me,pz);BH}], 6b; K| Pt(CO pz K[{Pt(COMe),},{(pz),B}], 8) were obtained in ligand exchange reactions of
Pt(COMe)Z(NHZBn) Wlth the respective potassium (pyrazolyl)borates. The deprotonation of the hydrido

led also to the formation of 6. Diacetylplatinum(II) complexes 6a and 7 were found to
react in oxidative on re s with alkyl halides to yield diacetylplatinum(IV) complexes of the type [Pt(COMe),R-
{(pz);BH)}] (R 9a, b) Bn, 9¢) and [Pt(COMe),R{(pz),B}] (R = Me, 10a; Et, 10b; Bn, 10c), respectively, with k-
bonded scorpl 1g identities of all platinum complexes were unambiguously proved by microanalyses or by high-
resolution S spect tric investigations, by NMR ('H, "*C, '"Pt) and IR spectroscopies, and by single-crystal X-ray

complexes 4 with potas met

diffractidnManalyses (4a, Sa, 7-(18C6), 9¢c; 18C6 = 18-crown-6). The reactivity of the complexes is discussed in terms of
hemil of the scorpionate ligands.
Al
1. ::ITRODUCTION acid with n-butyl alcohol and trimethylsilyl-substituted alkynes,
Dinuclear platina-f-diketones [Pt,{(COR),H},(4-Cl),] (R = as shown in Scheme 1 for the formation of the parent complex
2 . . ANt 10

alkyl) can be considered as hydroxycarbene complexes being 1 (R = Me).” Thus, the reaction of complex 1 with N"N ligands
stabilized by intramolecular O—H-O hydrogen bonds to leads to the formation of thermally extraordinarily stable
neighboring acyl ligands. Due to their electronic unsaturation dia3cetyl(hydr}do)platinum(IV)A comple%(ets of type A (Scheme
(16 valence electron complexes) and their kinetically labile 1).” Depending on the reaction conditions, these complexes
ligand sphere, platina-f-diketones exhibit a unique reactivity were found to react under reductive elimination of
and thus are precursor complexes for the synthesis of a great acetaldehyde to yield acetyl(chlorido)platinum(II) complexes
variety of acetyl platinum(II) and platinum(IV) complexes with
bidentate N”N, PP, $"S, and N"O ligands." Platina-g- Received: March 8, 2012
diketones are accessible by reactions of hexachloridoplatinic Published: April 30, 2012
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Scheme 1. Synthesis of the Platina-f-diketone 1 and Its Reactivity toward Bidentate N,N Ligands

H[PtClg] 6H,0

1) n-BuOH
2) Me3SiC=CSiMe3

7N\
N N

Me Me
0= _ai_ >,:o\
HZ _ Pt Pt “H
N —m e D ~ - R e N7
0=X_ “cl o)
Me Me

1

Me
/Pt\fO/H
Me

Me

Sp? O\H
-~ /Eo
Me

N_ _COMe
< el
COMe ~MeCHO “N cl
<N,/. | .COMe B
Pt
N7 | Y
H *
<N\Pt/COMe QQ
~Hal N~ come /\
c

24
N

Scheme 2. Synthesis of Hydridoplatinum(IV) Complexes 4a and 4b and Their Reactivity tov'{lC?IClg%.
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complexes A.* In summary, reactions of the plat
1 toward various bidentate nitrogen donor ligan
reactions of the resulting type C di@

pla@t} (I1)
complexes with reagents that enab \mdati dition

alo

reactions such as alkyl halides % are well
investigated.” In contrast, the re oh~of b icolyl)amine
with [Pt,{(COMe),H},( ) Q) yielding a
hydridoplatinum(IV) com l@% th %’ example of an
investigation on the reace@y of p ‘@ﬂ—diketones toward
gdn

tridentate nitrogen d S {
e [(p"):BH]™ (p* =

d
Tris(pyrazolyl)box of ﬂQ
pyrazolyl group «XS& u @e substituents) are versatile

anionic trid e nitroge@d donor ligands that are well
established in\transition metal chemistry. These ligands belong
to the &e class of scorpionate ligands.” Due to their
tetr I‘@ geometry, tris(pyrazolyl)borates generally coordi-
s facial-binding K>-N,N',N" ligands in octahedral
conmiplexes. For the same reason, the coordination is restricted
to the x-N,N' coordination mode with a pendant third
pyrazolyl ring in square-planar complexes. However, also some
other coordination modes (such as k-N) and also agostic B—H
interactions are reported.” Furthermore, tris(pyrazolyl)borates
can act as hemilabile ligands, as reported for some rhodium
complexes, where a fast interconversion between x*-N,N',N”
(trigonal-bipyramidal) and x*-N,N’ coordination mode (square-
planar) was observed.®
Here, we report on the reactivity of the platina-$-diketone
[Pt,{(COMe),H},(u-Cl),] (1) toward pyrazolylborates
[(pz");BH]", yielding stable hydridoplatinum(IV) complexes,

ich convert into chloridoplatinum(IV) complexes in chloro-
form solution. Furthermore, we present the synthesis of type C
complexes (see Scheme 1) bearing k*-N,N’-coordinated
scorpionate ligands and their reactivity in oxidative addition

reactions with alkyl halides.

2. RESULTS AND DISCUSSION

2.1. Reactivity of Platina-f-diketone 1 toward
Scorpionate Ligands. 2.1.1. Synthesis and Reactivity of
Diacetyl(hydrido)platinum(lV) Complexes. The dinuclear
platina-f$-diketone [Pt,{(COMe),H},(u-Cl),] (1) was found
to react with K[(pz);BH] and K[(3,5-Me,pz);BH] under
formation of diacetyl(hydrido)platinum(IV) complexes 4a/b
(Scheme 2). In contrast, in the reaction of 1 with K[B(pz),]
only a mixture of unidentified products was obtained.
Compounds 4a/b were isolated in good yields of 70% and
85%, respectively, as white powders, which were characterized
by NMR ("H, C, "*Pt) and IR spectroscopy as well as by
microanalyses and single-crystal X-ray diffraction analysis (4a).
The reactions were performed in THF, and the workup
procedure was done in methylene chloride. Due to a restricted
stability in methylene chloride, the latter has to be done
quickly. In chloroform complexes 4 are even less stable than in
methylene chloride. It was found that the first step of this
decomposition is the conversion of the hydridoplatinum(IV)
complexes 4a/b into the analogous chloridoplatinum(IV)
complexes Sa/b (Scheme 2). The best way to isolate them
proved to be stirring chloroform solutions of 4a/b at room
temperature and under exposure to ambient light for two days.
Longer reaction times (3—4 days) resulted in a further
decomposition, yielding several unidentified products. Thus,

3701 dx.doi.org/10.1021/0m3001907 | Organometallics 2012, 31, 3700-3710
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complexes Sa/b were obtained as white powders in good yields
(80—85%) and characterized by NMR (*H, *C, "*Pt) and IR
spectroscopy as well as by high-resolution mass spectrometric
(HRMS-ESI) investigations and single-crystal X-ray diffraction
analysis (5a).

An analogous reactivity of the hydridodimethylplatinum(IV)
complex [PtMe,H{(3,5-Me,pz);BH}] in CCl, under UV
radiation yielding [PtMe,Cl{(3,5-Me,pz);BH}] was found by
Goldberg and was shown to be a radical reaction.” However,
the reaction of 4a/b yielding Sa/b proceeds under much milder
reaction conditions. The formation of CHDCI, could be
observed when these reactions were performed as an NMR
experiment in CDCl;. Furthermore, in a darkened NMR tube
the reaction was not finished after two days. Thus, a radical
pathway can also be assumed here.

2.1.2. Spectroscopic Characterization. Selected 'H, '3C,
and '**Pt NMR spectroscopic parameters of complexes 4 and 5
are given in Table 1. The spectra confirm the identities of the

Table 1. Selected NMR Spectroscopic Parameters of
[Pt(COMe),L{(pz);BH}] (L = H, 4a; L = Cl, 5a) and
[Pt(COMe),L{(3,5-Me,pz);BH}] (L = H, 4b; L = C, 5b) (§
in ppm, J in Hz)

COCH, COCH, Pt—H
5}1 (3]Pt,H) 55 (ZJPt,C) 5C (l]Pt,C) 51—1 (l]Pt,H) 5Pt
4a 2.60 443 191.6 —17.80 —-1618.1
(23.9) (255.3) -4 (1522)
4b 2.32 40.4 195.5 —-18.22 —1740.0
(13.7) (206.9) (896.3) (1496)
Sa 2.79 35.1 187.5 76
(8.9) (9L.5) (736.6)
5b 2.52 332 190.8
(6.6) (94.6) (736.6)

“Due to poor solubility not observed.

‘\*
%ra cte@ r‘ange

sets of
nly one set
ifror symmetry
complexes 4a/b
tyl ligands are in a
ogen and platinum—
4a are significantly larger
than for 4b. This ;@ ee d’by a higher trans influence
of the methy itute ionate ligand because of the
electron-don ]’geffect ofsthie methyl groups. The resonances
of the hy &gands and the 'Jp; coupling constants are in
the ran. other hydndoplatmum(IV) complexes bearing «*-
bo, &rplonate ligands."°
pared to the hydrido complexes 4, the 6y and J¢ of the
acetyl ligands in the corresponding chlorido complexes S are
shifted by about 0.2 ppm to lower field and by 4—9 ppm to
higher field, respectively. The platinum coupling constants were
found to be significantly lower in compounds $ than in 4. The
shifts in the Pt NMR spectra show a strong influence on the
type of ligand. In accordance with the electronegativity y(H) <
x(Cl) the Pt chemical shifts of hydrido complexes 4 were
found to be at much higher fields than those for the chlorido
complexes § (ASp, ca. 1000 pm).
The hydrido and chlorido complexes can be easily identified
by IR spectroscopy. The former ones exhibit a characteristic
Up_y absorbance at 2230/2233 cm™ (4a/b), and the latter

complexes; all signals were found in the"

with correct intensities in the "H NM

signals with 2:1 intensity in the aro

of signals for the two acetyl hgan € ect
e h

of all compounds in solution
the 'H and *C chemical of th
comparable range, but the pldtinu

carbon coupling corxs

11
§ lQri
{§ecte st
040 7
Ox

(Ch a\s
<(\

3702

ones a Up,_¢; absorbance at 331/328 cm™ (5a/b).'"'* The B—
H stretching frequencies of these complexes will be discussed in
Section 2.2.2.

2.1.3. Structures of [Pt(COMe),H{(pz);BH}] (4a) and
[Pt(COMe),Cl{(pz)sBH} (5a). Crystals of 4a and Sa suitable
for X-ray diffraction analysis were obtained from saturated
methylene chloride (4a) and chloroform (Sa) solution at —40
°C. Both compounds crystallized as isolated molecules without
unusual intermolecular interactions (shortest distance between
non-hydrogen atoms: 3.25(1) A, C8--Ol’, 4a; 9(6) A,
C5---01’, 5a). The molecular structures are s}}\ igures 1

with a probability of 30%. H atoms are omitted
that at the boron atom and the hydrido ligand.

—C12 2.027(8), Pt—N2 2208(5) Pt— N42182(6), Pt—
é&z(s) Pt—H1 1.61(2), C10-Pt—C12 87.2(3), C10—Pt—N6
C10—Pt—N4 93.3(3), CI12—Pt—N6 92.8(3), C12—Pt—N2
2(3), N2—Pt—N4 84.2(2), N2—Pt—N6 85.3(2), N4—Pt—N6
8(2), C10—Pt—N2 177.5(3), C12—Pt—N4 178.5(3).

and 2; selected structural parameters are given in the figure
captions. The platinum atoms adopt a distorted octahedral
geometry and are coordinated by two acetyl ligands, the facial

Figure 2. Molecular structure of [Pt(COMe),Cl{(pz);BH}] (5a). The
ellipsoids are shown with a probability of 30%. H atoms are omitted
for clarity except that at the boron atom. Selected structural
parameters (distances in A, angles in deg): Pt—C1 2.048(5), Pt—C3
2.054(5), Pt—N1 2.219(4), Pt—N3 2.174(4), Pt—NS5 2.060(4), Pt—Cl
2.331(1), C1-Pt—C3 89.0(2), C1-Pt—Cl 90.6(1), C3—Pt—Cl
92.8(1), C1-Pt—N1 98.6(2), C1-Pt—NS5 89.7(2), C3—Pt—N3
88.7(2), C3—Pt—NS 92.2(2), N1-Pt—N3 83.7(1), N1-Pt—NS
86.3(2), N3—Pt—NS 87.4(1), N1-Pt—Cl 88.7(1), N3—Pt—Cl
92.5(1), C1-Pt—N3 176.2(2), C3—Pt—N1 172.3(2), NS—Pt—Cl
175.0(1).
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Scheme 3. Synthesis of Diacetylplatinum(II) Complexes Bearing k>-Bonded Scorpionate Ligands
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ligand (4a) or one chlorido ligand (5a). Due to the cted
bite of the facial-coordinated scorpionate ligand, gls P
83

angles are slightly diminished (84.2(2)—85. 8(2)

1-coordinated tris(pyrazolyl)borate ligand, and on@y
t

87.4(1)°, 5a). Although the hydrido hgand i structife of
4a could be located in the difference F01I (]}catlon
may be compromised by residual e%x h ear the
platinum atom. Thus, no geometric" tammg the

hydrido ligand are discussed her

In both structures, the car]
acetyl ligands were found
plane. Thus, the diacet
conformation. Withj
in 4a (2.040(7)/.

o oms of the two
e sa :1?ie of the complex
m01 present a “cisoid”
the Pt—C bond lengths

equal to those in Sa

O C

8)

(2.054(5)/2.048( ) e lefig hs of the Pt—N bonds trans
to the acety%ds are i range 2. 174(4) 2219(4) A (4a,
Sa). The ond length of 2.162(5) A trans to the hydrido
hgan plex 4a is significantly longer than the respective
to the chlorido ligand in complex Sa (2.060(4) A),
%ﬂng a trans influence order CI” < H™ as expected1
2. Synthesis and Characterization of
Diacetylplatinum(ll) Complexes Bearing x2-Coordinated
Scorpionate Ligands. 2.2.1. Synthesis. Because of its
substitution-labile benzylamine ligands, [Pt-
(COMe),(NH,Bn),] (3) was found to be a useful precursor
complex for synthesizing a variety of dlacetylplatmum(II)
complexes via facile ligand exchange reactions.'* The reactions
of [Pt(COMe),(NH,Bn),] (3) with tris- or tetrakis(pyrazolyl)-
borates in a molar ratio of 1:1 led to the formation of the
mononuclear diacetylplatinum(II) complexes 6a, 6b, and 7,
bearing x*-bonded scorpionate ligands (Scheme 3). Further-
more, the reaction of 3 with K[(pz),B] in a molar ratio of 2:1

3703

ulted in the formation of the dinuclear complex 8, where two

K\ilacetylplatmum units are bridged by a tetrakis(pyrazolyl)-

<

&

borate ligand in a p-K*N,N:k*N",N” mode. The white,
moisture-sensitive complexes 6—8 were obtained in yields
between 57% and 87% and characterized by NMR spectroscopy
('H, *C, '*Pt), by IR spectroscopy, by high-resolution mass
spectrometric (HRMS-ESI) investigations, and by a single-
crystal X-ray measurement of the 18-crown-6 adduct of 7.
Complexes 6a, 6b, and 7 were soluble in THF, methylene
chloride, and chloroform, but in chloroform and methylene
chloride complexes 6a and 6b decomposed within a few hours.
Compound 8 was only slightly soluble in methanol or DMSO,
but decomposition occurred within about one hour.

An alternative route to prepare diacetylplatinum(II)
complexes is, in general, the reduction of the diacetyl(hydrido)-
platinum(IV) complexes via proton abstraction by a base.*
Having this in mind, the hydridoplatinum(IV) complexes 4a
and 4b, bearing ’-coordinated tris(pyrazolyl)borate ligands,
were treated with potassium methoxide (Scheme 3). As
anticipated, the reactions proceeded with deprotonation,
yielding the platinum(II) complexes 6a and 6b, bearing x*-
bonded scorpionate ligands, whose identities were deduced
from NMR spectra.

2.2.2. Spectroscopic Characterization. '"H and *C NMR
spectra of complexes 6—8 proved to be fully consistent with the
constitution of the complexes given in Scheme 3. Selected
NMR spectroscopic data are given in Table 2. The '"H NMR
spectra of 6—8 displayed chemical equivalence of the acetyl
ligands as well as a 2:1 (6a, 6b) and, respectively, a 2:2 (7)
pattern for the resonances in the aromatic area, which is
indicative of a mirror symmetry. For all complexes dy and d¢ of
the acetyl ligands are in a narrow range. Compared with the

dx.doi.org/10.1021/0om3001907 | Organometallics 2012, 31, 3700—3710
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Table 2. Selected NMR Spectroscopic Parameters of
Complexes 6—8 (6 in ppm)

COCH, COCH,
Oy O dc Ope
6a 2.04 445 2346 —33514
6b 1.73 44.0 235.3 —3372.7
7 1.85 441 2345 —33714
8 1.80 436 226.5 —3339.8

diacetylplatinum(IV) complexes 4 and 5, in the platinum(II)
complexes 6—8 the carbonyl carbon atoms of the acetyl ligands
were found to be low-field shifted by approximately 40 ppm, as
it has been already observed for other diacetylplatinum(II)
complexes.* The '**Pt resonances of all compounds are shifted
to higher field in comparison to the hydridoplatinum(IV) (4a,
4b) and chloridoplatinum(IV) (5a, $b) complexes, as
expected.”

In complexes containing tris(pyrazolyl)borate ligands the B—
H stretching frequencies proved to be indicative of the
coordination mode of the scorpionate ligand and the
substitution pattern of the pyrazolyl rings.® The requisite
values for complexes 4—6 are given in Table 3. The 3,5-

Table 3. B—H Stretching Vibrations of Complexes 4—6

complex hapticity v(B—H)
[Pt(COMe),H{(pz),BH}] (4a) © 2481
[Pt(COMe),Cl{(pz);BH}] (5a) ©© 2513
K[Pt(COMe),{(pz);BH}] (6a) K 2454
[Pt(COMe),H{(3,5-Me,pz);BH}] (4b) © 252
[Pt(COMe),Cl{(3,5-Me,pz);BH}] (5b) © 2553
K[Pt(COMe),{(3,5-Me,pz);BH}] (6b) K

dimethyl substitution of the pyrazolyl rings gavesﬁcg to @
to higher wavenumbers by 12—47 cm™, thermo
complexes 6, with x*-coordinated tris(p @yl) 1@5, the
Up_y absorbance was found at 31gn1ﬁca umbers
than in complexes 4 and S, bearin

2.2.3. Structure of [K(18C6)][P
Crystals of 7-(18C6) were o

e) pz
fr ‘THF solution of
[Pt(COMe),(NH,Bn),] d a imolar amount of
[K(18C6)][(pz)4B] wit ayer g hyl ether at room
temperature. In the (18C6) forms discrete
molecules without %e in

lecular interactions (shortest
distance betw: n-hydroged atoms: 3.31(1) A, N§---C23).
The moleg; e{tructure i

structural

hown in Figure 3, and selected

meters are given in the figure caption. The

platmur% m is square-planar coordinated by two acetyl

c%‘ a k*-bonded tetrakis(pyrazolyl)borate ligand. The

Pt unit adopts the typical boat conformatlon with the

boron and platinum atoms at the apexes.'® The angles between
neighboring ligands are all close to 90° (86.1(3)—94.5(3)°).

There are close contacts of the [K(18C6)]" cation and the

oxygen atoms of the two acetyl ligands, which lie on the same

side of the coordination plane (“cisoid” conformation). The

K---O2 distance (2.854(4) A) is in the same range as the K---O

distances between the potassium ion and the oxygen atoms of

the crown ether (2.815(4)—2.992(3) A), whereas the K---O1

distance (2.770(S) A) is even slightly shorter. Furthermore, the

potassium ion is located 0.845(1) A outside the mean plane of

the crown ether defined by its six oxygen atoms. This plane is
nearly parallel (5.24(9)°) to the complex plane (see Figure 3B).

) (7 (18C6))

3704

& &

Rop

elect d

ﬁQg’oleCular structure of 7-(18C6). The ellipsoids are
ithga® probability of 30%. H atoms are omitted for clarity.

ctural parameters (distances in A, angles in deg): Pt—Cl
, Pt—C3 1.984(4), Pt—NI1 2.117(3), Pt—N3 2.115(4), C1—

5@ 3 86.1(3), C1-Pt—N1 92.8(2), C3—Pt—N3 94.5(3), N1-Pt—

86.6(2), C1-Pt—N3 179.4(2), C3—Pt—N1 178.0(3), K-0O1
770(5), K—02 2.854(4), K—03 2.992(3), K—04 2.815(4), K—0S§
2.938(4), K—06 2.900(4), K—07 2.967(4), K—08 2.922(4), Pt--K
3.511(1). (B) Wire model of the complex showing the relative position
of the coordination plane (Pt,C1,C3,N1,N3) and the mean plane of
the crown ether molecule defined by its oxygen atoms.

Thus, the potassium atom has a relatively short contact with the
platinum atom (Pt--K 3.511(1) A). Similar short distances
were found, for instance, in [K(18C6)],[PtCl,] (3.668 A)"
and K[PtCl,(NH,Pr)]-H,0 (3.588 A)."®

2.3. Oxidative Addition Reactions to
Diacetylplatinum(ll) Complexes Bearing x>-Coordinated
Scorpionate Ligands. 2.3.1. Synthesis of Alkyl(diacetyl)-
platinum(lV) Complexes. Reactions of K[Pt-
(COMe),{(pz);BH}] (62) and K[PH(COMe){(pz);B}] (7)
with methyl iodide, ethyl iodide, and benzyl bromide resulted
in the formation of neutral platinum(IV) complexes [Pt-
(COMe),R{(pz);BH)}] (9a—c) and [Pt(COMe),R{(pz),B}]
(10a—c), respectively (Scheme 4). The syntheses of 9a—c were
performed in a one-pot procedure starting from the benzyl-
amine complex 3 without isolation of compound 6a. The
advantage is a higher overall yield because all side products
(KX, benzylamine) could be easily removed by extracting the
reaction solutions with an aqueous solution of HClL. On the
other hand, the synthesis of complexes 10a—c started from the
isolated complex 7 because the noncoordinated pyrazolyl ring
of the tetrakis(pyrazolyl)borate ligand would be protonated
upon workup of the reaction mixture with HCL. All complexes
were isolated in 46—61% yield as colorless, moisture- and air-
stable powders and were characterized by NMR spectroscopy
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Scheme 4. One-Pot Synthesis of [Pt(COMe),R{(pz);BH)}] (9a—c) Starting from [Pt(COMe),(NH,Bn),] (3) and Preparation

of [Pt(COMe),R{(pz),B)}] (10a—c)

BnH,N__COMe  *+KIHB(pz)] <\\;;N\Pt _-COMe +RX
BnH,N”~  “COMe -2 NHgBn K ﬁy/ S come - KX
3
v B=N %
— H -
3 6a RX = Mel, Etl, BnBr
@ COMe
NT_ e +RX
K ~ Scom
S BT
\
TN
L pz/

7

RX = Mel, Etl, BnB\

(*H, BC, ¥*Pt), elemental analysis, and single-crystal X-ray
diffraction analysis (9c).

2.3.2. Spectroscopic Characterization. 'H and *C NMR
spectra of complexes 9 and 10 are fully consistent with the
constitution of the complexes given in Scheme 4. Selected
spectroscopic parameters are compiled in Table 4. The Niﬂs

Table 4. Selected NMR Spectroscopic Parameters o
[Pt(COMe),R{(pz);BH}] (9) and [Pt(COMe),R:
(10) (6 in ppm, J in Hz) s\&

COCH, C ?‘
R 5H (SJPI,H) 5C (ZJPI,C) Pt, C) 5Pt
9a Me 229 (107)  36.5 (184.0) 3 C —1461.5
9b Bt 225(9.38) 36.7 (182 2\ 7194. @ —-1396.5
9c Bn 224 (89) 357 ( 6.8)  —128L5
10a  Me 236 (11.0) il 9) 939 3) —14892
10b  Et 231 (10.1) QQ{M 3) %48 (970.6)  —1436.4
10c  Bn 229 (9. 0)\(\ (169 N 4.9 (951.6)  —1314.8
spectroscoplc tersQP acetyl ligands do not depend
s1gmﬁcantl e type corpionate ligand ([(pz);BH]™ vs

[(pz), e platinum—hydrogen and platinum—carbon
couphné-\stants of the acetyl ligands were found to be
on the nature of the alkyl ligand R, although the
nd the alkyl hgands are in a mutual cis position. Thus,
for instance, for the 'Jp, ¢ couplings the order Me < Bn < Et was
found (Table 4). The 'SPt resonances were found to be
between —1490 and —1280 ppm and, thus, shifted approx-
imately 2000 ppm to higher field in comparison to the
respective platinum(II) precursor complexes K[Pt-
(COME)Z{(?Z)3BH} (6a) and K[Pt(COMe),{(pz),B}] (7),
as expected.

2.3.3. Structure of [Pt(COMe),Bn{(pz);BH} (9c). Crystals of
9c suitable for X-ray diffraction analysis were obtained from a
toluene solution with a layer of n-pentane at 4 °C. Complex 9¢
crystallized as discrete molecules without unusual intermolec-
ular interactions (shortest distance between non-hydrogen

B O

3705

atoms
4 a ct

C3) The molecular structure is shown
ed structural parameters are given in the

K" Q‘Q\'

Figure 4. Molecular structure of [Pt(COMe),Bn{(pz);BH}] (9¢c).
The ellipsoids are shown with a probability of 30%. H atoms are
omitted for clarity except the B—H proton. Selected structural
parameters (distances in A, angles in deg): Pt—C17 2.041(3), Pt—C19
2.030(3), Pt—C10 2.089(3), Pt—N1 2.176(3), Pt—N3 2.183(3), Pt—
NS 2.177(3), C17—Pt—C19 85.3 (1), C10—Pt—C17 90.6(1), C10—
Pt—C19 90.1(1), C10—Pt—N1 94.7(1), C10—Pt—N3 89.7(1), C17—
Pt—N3 94.8(1), C17—Pt—NS 91.7(1), C19—Pt—N1 92.6(1), C19—
Pt—NS5 96.0(1), N1—-Pt—N3 87.4(1), N1—-Pt—NS$ 83.3(1), N3—Pt—
NS 84.20(9), C10—Pt—NS 173.7(1), C17—Pt—N1 174.3(1), C19—
Pt—N3 179.8(1).

figure caption. The platinum atom is located in the center of a
distorted octahedral environment and coordinated by a facially
k*-bonded tris(pyrazolyl)borate ligand and by two acetyl and
one benzyl ligand. Due to the restricted bite of the scorpionate
ligand, the N—Pt—N angles are slightly diminished (83.3(1)—
87.4(1)°). Within the 30 criterion, both Pt—N bonds
(2.176(3)—2.183(3) A) and the Pt—C bonds of the acetyl
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Scheme 5. Reactivity of Platina-f-diketone 1 toward Tris(pyrazolyl)borates

R
+K [HB N@ R
Me
0= =0, _ N 3 R@ R >==0. R@\ | COMe
", H , N - N .
% Do o ke 3 ﬂ =0 > /@/ | “come
R Me R \ N
\B—N/ R
! @ =N IO B G/ANE
L R R
b
H, Me
(0N
ligands (2.041(3)/2.030(3) A) are of the same length each. In (COMe),R{(pz),B}] ( wﬂ{ x>-bonded scorpionate
contrast, the Pt—C bond of the benzyl ligand (2.089(3) A) is ligands (Scheme 4). I case ogidative addition of
significantly longer than those of the acetyl ligands. primary alkyl hal “planar platlnum(H)
The carbonyl oxygen atoms of the acetyl ligands are located complexes occul('ﬁ ol' 2 mechanism." Thus,
on different sides of the PtC17,C19,N1,N3 complex plane, most likely, t exes the organyl group R and
thus representing a “transoid” conformation. Whereas one the N ato dant pyrazolyl group are
acetyl ligand (C17,C18,01) is almost perpendicular to the coordlal\% 1ng complexes 9/10 without
complex plane (interplanar angle 80.1(2)°), the other one prio inat of the halide X~. A “classical”
(C19,C20,02) is twisted significantly from the vertical position % & with coordination of X~ (prior to
(45.1(2)°). coo ion of the pendant pyrazolyl group) is

2.4. Conclusions. Within this work, the synthesis and &lik d, in particular, with re ard to the boat
reactivity of diacetylplatinum complexes bearing x¥*- and «’- co on of the B(u-pz),Pt unit'® in the starting
bonded tris- and tetrakis(pyrazolyl)borate ligands are described. \m(II) complexes 6a/7, which sterically shield the
The following conclusions can be drawn: um center.

(1) Reactions of the platina-f-diketone 1 with anl all these reactions the capability of x*-coordinated
tris(pyrazolyl)borate ligands afford thermally sta ionate ligands to occupy an additional coordination site by
neutral hydridoplatinum(IV) complexes 4, be e pendant pyrazolyl group and of k*-coordinated scorpionate
cordinated scorpionate ligands (Schemes 2 a It ca hgands to create a vacant coordination site forming a pendant
be assumed that these reactions go along a cleav. pyrazolyl group, respectively, is of special importance. Thus,
of the Cl-Pt—Cl bridges and x* cooﬁma ion this chemistry is a further instructive example that scorpionates
tris(pyrazolyl)borate ligand, formin, tral(Thonbnu- are versatile flexidentate ligands.
clear platina-f}-diketon comple as i diates
(Scheme 5, a). This reaction 9 ly followed 3. EXPERIMENTAL PART
by an oxidation of the plati & enter'through a proton 3.1. General Comments. All reactions were performed in an
shift, forming, with coordi n of endant pyrazolyl argon atmosphere using the standard Schlenk techniques. Solvents
group, an 0ctahedral@1 cety ido)platinum(IV) were dried (diethyl ether, THF, and n-pentane over Na/
complex (Scheme S, This ed reaction pathway benzonhenone, CH,CI, over CaH,, .acetone over phospnorus
is in complian @_‘ bs @&jns made in reactions of pentoxide followed by 4 A molecular sieves). and c.hstllled prior to

; . A use. NMR spectra were recorded at 27 °C with Varian Gemini 200,
platina- '54 dike Q! ‘@1 arious  bidentate N™N VXR 400, and Unity 500 spectrometers. Chemical shifts are relative to
donors.’ O solvent signals (CDCl;, 8y 7.24, 8¢ 77.0; THE-dg, 8y 3.58, 8¢ 67.6;

(2) Diacef&@inum(l@omplexes 6—8, with x*bonded acetone-dg, 5y 2.04, 8¢ 29.8; DMSO-dg, 5y 249, 8¢ 39.5) as internal
tris- etrakis(pyrazolyl)borate ligands, are accessible references; 5('*°Pt) is referenced to Na,[PtCls]. IR spectra were
i ile ligand exchange reactions with [Pt- recorded on a Galaxy Mattson 5000 FT-IR spectrometer using KBr

e),(NH,Bn),] (3) and, alternatively for com- pe.llets. Mic'roanalyses were Performed by the University of Halle

Q‘P cxes 6a/b, by deprotonation of the respective microanalytical .laboratory. using a CHNS-932 (LECO). elemental
hydridoplatinum(IV) complexes (Scheme 3). Thus, it analyzer. The hlgh—renolutlon ESI mass spectra were obtained from a

Y p P Bruker Apex III Fourier transform ion cyclotron resonance (FT-ICR)
has been demonstrated that [Pt(COMe),(NH,Bn),] (3) mass spectrometer (Bruker Daltonics) equipped with an infinity cell, a
is a useful alternative for the synthesis of 7.0 T superconducting magnet (Bruker), a rf-only hexapole ion guide,
diacetylplatinum(ll) complexes starting from the plati- and an external APOLLO electrospray ion source (Agilent, off-axis
na-f-diketone 1, especially if the conventional pathway spray). The sample solutions were introduced continuously via a
hydridoplatinum(IV) type A complex — syringe pump with a flow rate of 120 uL h™'. The complexes
diacetylplatinum(II) type C complex failed (see Scheme [Pt,{(COMe),H},(u-Cl),] (1) and [Pt(COMe)2(NH2Bn) 1(3) were
1)' Pr?azreglyar:;ﬁ:illzgotfo[ll;::?zaéul\rllee;nﬁlt{l(l;i; BH}] (4a). To a suspension

(3) The reactions of K[Pt(COMe),{(pz);BH}] (6a) and of [Pt,{(COMe),H},(u-Cl),] (13 (200 ;g, 031 mmol) in TPHF (s
K[Pt(COMe),{(pz),B}] (7) with alkyl halides lead to mL) at —78 °C was added dropwise a solution of K[(pz);BH] (166
the formation of the neutral alkylplatinum(IV) com- mg, 0.66 mmol) in THF (S mL). After stirring for 30 min at this
plexes [Pt(COMe),R{(pz);BH}] (9) and [Pt- temperature, the reaction mixture was allowed to warm to room
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temperature and stirred for an additional 1 h, resulting in a clear,
colorless solution. Then, the solvent was removed in vacuo, the residue
was extracted with methylene chloride (S mL) and filtered, and n-
pentane (15 mL) was added to the solution. The precipitate formed
was filtered off, washed with n-pentane (3 X 2 mL), and dried in
vacuo. Yield: 218 mg (70%).

Anal. Caled for Cj3H;N4O,BPt (495.2 g/mol): C, 31.53; H, 3.46;
N, 16.97. Found: C, 31.60; H, 3.66; N, 16.66. 'H NMR (400 MHz,
acetone-dg): 6 —17.80 (s+d, 1H, "Jp i = 1522 Hz, Pt—H), 2.60 (s+d,

3oen = 23.9 Hz, 6H, COCH,), 6.30 (t, 2H, H"* pz), 6.37 (t, 1H, H’

pz), 7.82 (d, 2H, H** pz), 7.88 (d, 2H, H* pz), 7.90 (d, 1H, H" pz),
8.12 (d, 1H, H® pz). ®C NMR (125 MHz, acetone-dy): 5 44.3 (s+d,

2pec = 2553 Hz, COCHL), 106.2 (s, C*¥ pz), 106.8 (s, C° pz), 136.1

(s, C'° pz), 1364 (s, s pz), 141.7 (s, C® pz), 143.3 (s, ¥ pz),
191.6 (s, COCH;). (Here and in the following, pyrazolyl rings are
numbered consecutively 1—S5, 6—10, ...; for chemically equivalent rings
primed numbers are used.) Pt NMR (86 MHz, acetone-dg): &
—1618.1 (d, Yooy = 15069 Hz). IR: v(BH) 2481, v(PtH) 2230,
v(CO) 1695, v(CO) 1656 cm™.

3.3. Synthesis of [Pt(COMe),H{(3,5-Me,pz);BH}] (4b). To a
suspension of [Pt,{(COCH,),H},(u-Cl),] (1) (84 mg, 0.13 mmol) in
THF (S mL) at —78 °C was added dropwise a solution of K[(3,5-
Me,pz);BH] (93.7 mg, 0.28 mmol) in THF (S mL). After stirring for
30 min at this temperature, the reaction mixture was allowed to warm
to room temperature and stirred for 2 h, resulting in a clear, colorless
solution. Then, the solvent was removed in vacuo, and the residue
extracted with methylene chloride (5 mL). After evaporation to
dryness in vacuo, the residue was dissolved in toluene (5 mL), n-
pentane (10 mL) was added, and a white precipitate was obtained,
which was filtered off, washed with n-pentane (3 X 2 mL), and dried in
vacuo. Yield: 130 mg (85%).

Anal. Caled for C;oH,oN¢O,BPt (579.4 g/mol): C, 39.39; H,

N, 14.51. Found: C, 39.64; H, 5.18; N, 14.28. 'H NMR (400
THF-dg): 5 —18.22 (s+d, 1H, Jpy = 1496 Hz, Pt—H), 1.8

C’—CHjy), 2.03 (s, 6H, C¥*~CH,), 2.32 (s+d, 3y = 1
COCH;), 2.37 (s, 6H, C¥S~CHj,), 2.45 (s, 3H, C°
2H, HY* pz), 5.91 (s, 1H, H’ pz). 3*C NMR (1

12.5 (s, C¥¥—CH,), 12.8 (s, C'°~CH,), 14.8 &ﬂ Fi/l49(s,

C¥¥—CH,) 40.4 (s+d, Yp,c = 206.9 Hz, (s, CY* pz),

107.4 (s, C° pz), 145.0 (s, C'° pz), 14@& c5/5 49 7 (s, C* pz),
150.1 (s, C¥¥ pz), 195.5 (s+d, U], 96 CH3) 195pt NMR
(86 MHz, THF-dg): —174 ]P 000 Hz). IR: v(BH)
2528, v(PtH) 2233, v(CO 1

3.4. Synthesis of, Me) 3BH}] (5a). A solution of
[Pt(COMe),H{(pz) (4a) O 12 mmol) in chloroform
was stirred two d ro rature Then, the solvent was
reduced to appr’f"r’nately 2 in vacuo, and n-pentane (S mL) was
added. The‘é tdined white solid was filtered off, washed with n-
pentane & mL), and dried in vacuo. Yield: 51 mg (80%).

H I): m/z calcd for [C13H1602N6BCIPtNa]+ 552.06563,
fo + Na]* 552.06562. 'H NMR (400 MHz, CDCl,): § 2.79
(1%, *Jp,s = 8.9 Hz, 6H, COCH;), 6.28 (t, 2H, H* pz), 631 (t, 1H,
H’ pz), 7.67 (m, 2H, H* pz), 7.71 (m, 2H, H*> pz), 7.80 (d, 1H, H®
pz), 7.89 (d, 1H, H' pz). 3C NMR (100 MHz, CDCL): § 35.1 (s+d,
e = 915 Hz, COCHS), 1063 (s+d, ¥Jp,c = 11.5 Hz,CY* pz), 106.4
(s, *Jpc = 43.0 Hz, C° pz), 135.5 (s, C*'¥ pz), 136.6 (s+d, ¥Jp,c = 30.0
Hz, C" pz), 139.6 (s+d, *Jpc = 44.4 Hz, C® pz), 140.7 (s+d, YJp,c =
17.7 Hz,C** pz), 187.5 (s+d, 'Jp,c = 736.6 Hz, COCH,). Pt NMR
(86 MHz, CDCL): 6 —762.9 (s). IR: v(BH) 2513, 1(CO) 1725,
v(CO) 1700, v(CO) 1676, v(PtCl) 331 cm™.

3.5. Synthesis of [Pt(COMe),Cl{(3,5-Me,pz);BH}] (5b). A

solution of [Pt(COMe),H{(3,5-Me,pz);BH}] (4b) (60 mg, 0.1
mmol) in chloroform was stirred for two days at room temperature.

The clear, colorless solution was evaporated to dryness, and a white
solid was obtained. Yield: 53 mg (85%).

HRMS(ESI): m/z caled for [CioH,30,NgBCIPtNa]* 636.15953,
found for [M + Na]* 636.16029. 'H NMR (500 MHz, CDCL,): & 1.82

(s, 3H, C*~CHj), 2.29 (s, 6H, C¥*~CHj,), 2.36 (s, 6H, C¥*~CH,),
243 (s, 3H, C'*~CH;), 2.52 (s+d, *Jp,u = 6.6 Hz, 6H, COCHj), 5.82

(s, 2H, HY* pz), 591 (s+d, Jpyy = 20.5 Hz, 1H, H® pz). C NMR
(125 MHz, CDCL,): § 12.4 (s, C¥—CH,), 13.3 (s, C'°~CH,), 13.8
(s, C¥—CHy), 15.5 (s, C’—CH,), 332 (s+d, Yp, 94.6 Hz,
COCH,), 107.9 (s, C¥* pz), 108.1 (s, C° pz), 144.1 , 145.3 (s,

C' pz), 148.0 (s, C® pz), 151.1 (s, C**pz), 1904 ($¢d, 'Jp,c = 736.6
Hz, COCH,). 'Pt NMR (86 MHz, CDCL,): 5 0 (s). IR: v(BH)
2553, v(CO) 1718, v(CO) 1703 l/(PtCl)
3.6. Synthesis of K[Pt(COMe)ZQE %l] (6a) and KI[Pt-
(COMe),{(3,5-Me,pz);BH}] (6b). Rou [Pt(COMe),(NH,Bn),]
(3) (100 mg, 0.20 mmol) and ]%BH (50 mg, 0.20 mmol) or
K[(3,5-Me,pz);BH] (67.9 mg, ol e.dissolved in THF (5
mL), and the solution was st@ %&' e solvent was reduced
to approximately 1 mL in% : dition of diethyl ether (3
mL) and n-pentane (3
was filtered off, was

in vacuo.
Route B. A

yl ether (3 X 1 mL), and dried
\\)n of pdtassium methoxide (14.7 mg, 0.21 mmol)
ed to a suspension of [Pt(COMe),H-
0.20 mmol) or [Pt(COMe),H{(3,5-
mg, 0.20 mmol) in methanol (3 mL). The
tirred for 2 h at room temperature, resulting in a
tion. Then, the solvent was removed in vacuo, and
s dissolved in methylene chloride (2 mL). After the
-pentane (6 mL) a white precipitate was obtained, which
@ved off, washed with n-pentane (3 X 1 mL), and dried in

Pt(COMe),{(pz);BH}] (6a). Yield: 93 mg (87%, route A).

\-IRMS(ESI): m/z caled for [C3H,40,NgBPt]™ 494. 10810, found for

6H, @)

5613), 5279(9

3707

[M]~ 494.10688. '"H NMR (400 MHz, THF-ds): § 2.04 (s, 6H,
COCH;), 6.12 (s (br), 2H, H"* pz), 6.19 (s (br), 1H, H® pz), 7.24 (s

r), 2H, H*® pz), 7.53 (m, 1H, H® pz), 7.62 (m, 3H, H>> + HY pz).
(br) ¥ pz), 7.53 (m, 1H, H pz), 7.62 (m, 3H, HY* + H'" pz)
BC NMR (100 MHz, THF-dy): 6 44.5 (s+d, JJpc = 333.0 Hz,

COCH;), 103.9 (s, C° pz), 105.0 (s, C¥* pz), 134.2 (s, C'° pz), 136.7

(s, C% pz), 140.5 (s, C° pz), 141.7 (s, C* pz), 234.6 (s+d, Jpc =
1245.6 Hz, COCH,). Pt NMR (107 MHz, THE-dg): § —3351.4 (s).
IR: v(BH) 2454, v(CO) 1607, v(CO) 1571 ecm™.

K[Pt(COMe),{(3,5-Me,pz);BH}] (6b). Yield: 58 mg (58%, route
A). HRMS(ESI): m/z calcd for [C;9H,30,N¢BPt]™ 579.20066, found
for [M]~ 5§78.20091. '"H NMR (500 MHz, THF-dg): § 1.70 (s, 3H,
C*—CH,), 1.73 (s, 6H, COCHj,), 1.98 (s, 6H, C**—CH,), 2.09 (s,
3H, C*~CH;), 2.37 (s, 6H, C¥*~CH;), 5.69 (s, 1H, H® pz), 5.70 (s,
2H, H*/H* pz). 3C NMR (125 MHz, THF-dg) 6 12.2 (s, C'°~CHj,),
13.7 (s, C¥¥—CHs,), 14.3 (s, C’*~CH,), 14.6 (s, C¥*—CHj,), 44.0 (s,
COCHj;), 105.8 (s, C° pz), 106.0 (s, C*/C*), 141.9 (s, C'* pz), 145.9
(s, C® pz), 1460 (s, C°/C° pz), 150.3 (s, C3/C* pz), 235.3 (s,
COCH,;). **Pt NMR (107 MHz, THE-dg): § —3372.7 (s). IR: v(BH)
2466, 1(CO) 1596, v(CO) 1542 cm™.

3.7. Synthesis of K[Pt(COMe),{(pz),B}] (7). [Pt-
(COMe),(NH,Bn),] (3) (100 mg, 0.20 mmol) and K[(pz),B] (64
mg, 0.20 mmol) were dissolved in THF (S mL), and the solution was
stirred for 30 min. The resulting suspension was filtered, and the
solution was reduced to 1 mL. After addition of diethyl ether (S mL) a
white precipitate was formed, which was filtered off, washed with
diethyl ether (3 X 2 mL), and dried in vacuo. Yield: 80 mg (67%).

HRMS(ESI): m/z caled for [C;¢H,;30,NgBPt]~ 560.12990, found
for [M]~ 560.12878. '"H NMR (500 MHz, THF-d,): 5 1.85 (s, 6H,

COCHS,), 6.13 (t, 2H, H"* pz), 625 (t, 2H, H”® pz), 6.92 (d, 2H,
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HY® pz), 7.24 (m, 4H, H* + H*S pz), 7.64 (d, 2H, H'Y? pz). 1*C
NMR (125 MHz, THF-dy): 6 44.1 (s+d, *Jp,c = 326.7 Hz, COCHy),

104.9 (s, C¥* pz), 105.0 (s, C” pz), 134.8 (s. C¥% pz), 137.3 (s, C*

pz), 141.7 (s, C'/C'), 142.3 (s, C5/C%), 234.5 (s, COCH,). Pt
NMR (107 MHz, THF-dg): § —3371.4 (s). IR: v(CO) 1614, v(CO)
1577 em™".

3.8. Synthesis of K[{Pt(COMe),},{(pz),B}] (8). [Pt-
(COMe),(NH,Bn),] (3) (81 mg, 0.16 mmol) and K[(pz),B] (26
mg, 0.08 mmol) were dissolved in THF (8 mL), and the solution was
stirred at room temperature for 3 h. The volume of the resulting
suspension was reduced to 1 mL, and n-pentane (S mL) was added.
The gray solid was filtered off, washed with acetone (3 X 1 mL), and
dried in vacuo. Yield: 40 mg (57%).

HRMS(ESI): m/z caled for [C,oH,,0,NgBPt,]~ 841.13145, found
for [M]~ 841.13058. 'H NMR (400 MHz, DMSO-d,): 5 1.80 (s, 6H,

COCH,), 6.48 (t, 4H, HY*/*/*" p2), 7.56 (d, 4H, H¥*/*7%" pz), 7.65
(d, 4H, H¥S/575" pz). 13C NMR (125 MHz, DMSO-dq): & 43.6 (s,
COCH;), 106.8 (s, CY*"*/*" pz), 137.9 (s, C/*/55" pz), 144.5 (s,

C¥3733" pz), 226.5 (s, COCH;). Pt NMR (107 MHz, DMSO-dy):
6 —3339.8 (s). IR: ©(CO) 1617, v(CO) 1580 cm™.

3.9. Synthesis of [Pt(COMe),R{(pz);BH)}] (9a—c). [Pt-
(COMe),(NH,Bn),] (3) (100 mg, 020 mmol) and K[(pz),BH]
(50 mg, 0.20 mmol) were dissolved in methylene chloride (S mL), and
the solution was stirred for 30 min. After the addition of methyl iodide
(68.4 mg, 0.48 mmol), ethyl iodide (77.2 mg, 0.49 mmol), or benzyl
bromide (72.0 mg, 0.42 mmol), the reaction mixture was stirred for a
further 30 min, resulting in a pale yellow suspension. Then, an aqueous
solution of HCI (0.2 M, 5 mL) was added, and the reaction mixture
was stirred vigorously for 15 min. The phases were separated, and the
aqueous layer was extracted with methylene chloride (2 X S mL). The

removed in vacuo. The residue was dissolved in methylene chlorid

combined organic extracts were dried (Na,SO,), and the solvent @
tate .

ied

mL), and n-pentane (ca. S mL) was added. The white pregipi
obtained was filtered off, washed with n-pentane (2 X 2 mL), &t
in vacuo over P,O,.
[Pt(COMe),Me{(pz),BH}] (9a). Yield: 50 mg (49%Qal. C
for C,,H;(NcO,BPt (509.2 g/mol): C, 33.02; 3.76;
Found: C, 33.46; H, 3.96; N, 16.02. '"H NMR (5

Z,

5 148 (s+d, YJpyy = 75.1 Hz, 3H, CH;), 2.298%d, J;
6H, COCH,), 6.33 (t, 2H, H"* pz), 64;0 ,H’ 79 (d, 2H,
H* pz), 7,90 (d, 2H, H pz), 7.9 98 (d, 1H, H®

pz). °C NMR (100 MHz, acetone-
CH,), 36.5 (s+d, Jpc = 184.0

136.7 (s, C¥5 + C'° pz), 140.8N5+d, 2
(s, Jpec = 199 Hz, C 8 94.3
95pt NMR (86

one-
v(CO) 1686, v C(&
[Pt(COMe) pz),BH
for C;sH,,;
Found:

A
& \&9 Torc = 7316 Hy,
ROy

7 (s, ¢y C pz),
0 Hz, C*’* pz), 142.1

Toec = 936.6 Hz, COCH,).
461.5 (s). IR: v(BH) 2483,
b). Yield: 53 mg (51%). Anal. Calcd
Pt (5233 g/mol): C, 34.43; H, 4.04; N, 16.06.

; H, 4.13; N, 15.91. '"H NMR (400 MHz, acetone-dy):

, oo = 60.4 Hz, 3H, CH,CH3), 2.25 (s+d, ¥Jpyy = 9.8

6 0.75

}Qgt CH3), 2.31 (q+dq, *Jpe = 76.0 Hz, 2H, CH,CH;), 6.33
(m,2H, H¥* pz), 6.38 (m, 1H, H® pz), 7.83 (m, 2H, H”* pz), 7.91
(m, 2H, H%* pz), 7.93 (m, 1H, H® pz), 7.95 (m, 1H, H" pz). BC

NMR (125 MHz, acetone-dy): & 12.8 (s+d, ]PtC = 729.3 Hz,
CH,CH,), 16.6 (s+d, ¥Jp,c = 31.8 Hz, CH,CH;), 36.7 (s+d, YJp.c =

182.2 Hz, COCHy), 106.4 (s+d, ¥p,c = 10.0 Hz, C¥* pz), 106.8 (s, C°
pz), 136.7 (s, C*/% pz), 136.8 (s, C'° pz), 141.3 (s+d, YJp,c = 12.5 Hz,

C¥/% pz), 142.3 (s+d, Yp,c = 19.9 Hz, C* pz), 194.6 (s+d, Jpc = 9819
Hz, COCH;). '*Pt NMR (86 MHz, acetone-dy): 6 —1396.5 (s). IR:
v(BH) 2489, 1(CO) 1682, v(CO) 1660 cm™.
[Pt(COMe),Bn{(pz);BH}] (9¢c). Yield: 54 mg (46%). Anal. Calcd
for C,oH,;NGO,BPt (5853 g/mol): C, 41.04; H, 3.96; N, 14.36.
Found: C, 41.41; H, 4.06; N, 14.39. '"H NMR (400 MHz, acetone-dj):

2
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8224 (s+d, *Jp = 8.9 Hz, 6H, COCH,), 3.78 (s+d, Jp s = 93.9 Hz,
2H, CH,Ph), 6.16 (m, 2H, H"* pz), 6.39 (m, 1H, H’ pz), 6.77 (m,
2H, 0-CH Ph), 6.86 (m, 2H, m-CH Ph), 6.96 (m, 1H, p-CH Ph), 7.08
(m, 2H, H* pz), 7.86 (m, 2H, H* pz), 7.97 (m, 2H, H® + H" pz).
BC NMR (125 MHz, acetone-dy): & 24.5 (s+d, Jp,c = 711.6 Hg,
CH,Ph), 35.7 (s+d, }Jp,c = 168.6 Hz, COCH}), 105.3 (s+d, *Jp,c = 9.7
Hz, C¥* pz), 106.1 (s+d, *fpc = 14.5 Hz, C° pz), 124.5 (st+d, Jpc =
15.1 Hz, p-CH Ph), 127.7 (s+d, *Jp,c = 13.1 Hz, m-CH Ph), 129.0 (s
+d, ¥Jpc = 21.7 Hz, 0-CH Ph), 135.7 (s, C*/% pz), 136.1(s, C*° pz),
*

140.3 (s+d, *Jp,c = 11.1 Hz, C/* pz), 141.8 (s+d, 3]g .6 Hz, C*

pz), 145.5 (s+d, ’Jp,c = 50.0 Hz, i-C Ph), 194.1 (s =956.8 Hz,
COCH;). Pt NMR (86 MHz, acetone-d) 12815 (s). IR:
v(BH) 2481, 1(CO) 1690, £(CO) 1653 cm ™.

3.10. Synthesis of [Pt(COMe),R{(pz),B}] (}0a—c). To a solution
of K[Pt(COMe),{(pz),B}] (6) (100 m§, By 7 mmol) in THF (5 mL)
was added methyl iodide (68.4 mg, 01), ethyl iodide (77.2 mg,
0.49 mmol), or benzyl bromide ( mg, 2 mmol). After stirring

for 1 h, the solvent was re - o oTn the resulting pale
dlS n methylene chloride
the reaction mixture was

yellow suspension. The r

(10 mL), water (5 mL)

stirred vigorously ses were separated, and the
ylene chloride (2 X S mL). The

ied (Na,SO,), and the solvent was

for min.
aqueous layer was,e d
combined organ%h acts

was

adde

removed in va e regidbie was dissolved in methylene chloride (1
mL), and ne (o L) was added. The precipitate obtained
was ﬁlte washefh\rith n-pentane (2 X 2 mL), and dried in vacuo

(pz),B}] (10a). Yield: 60 mg (61%). Anal. Calcd

over
Me)
1 Pt (5753 g/mol): C, 3549; H, 3.68; N, 19.48.
8 H, 3.89; N, 18.79. '"H NMR (400 MHz, CDCL): §
e = 73.3 Hz, 3 H, CH;), 2.36 (s+d, ¥Jp,y = 11.0 Hz, 6H,

o) 627 (t, 2H, H"* pz), 629 (t, 1H, H’ pz), 6.61 (t, 1H, H*

G_z), 7.27 (d, 1H, H' pz), 7.67 (d, 2H, H** pz), 7.88 (d, 1H, H® pz),

7.95 (m, 3H, HS + H® pz), 8.00 (d, 1H, H* pz). *C NMR (125
MHz, CDCLy): 6 —1.8 (s+d, Jpc = 722.6 Hz, CH;), 36.7 (s+d, JJp,c =

181.9 Hz, COCH;), 106.2 (s, C** pz), 106.4 (s, C° pz), 107.3 (s, C'*
pz), 1352 (s, C'° pz), 135.8 (s, C/* pz), 136.1 (s, C'S pz), 140.8 (s,

C¥% pz), 142.0 (s+d, YJp,c = 18.4 Hz, C® pz), 1422 (s, C* pz), 1962
(s+d, Jpec = 939.3 Hz, COCHj). '**Pt NMR (107 MHz, acetone-dg):
& —1489.2 (s). IR: v(CO) 1690, (CO) 1653 cm™.
[Pt(COMe),Et{(pz),B}] (10b). Yield: 56 mg (56%). Anal. Calcd
for CisH,;NsO,BPt (589.4 g/mol): C, 36.68; H, 3.93; N, 19.02.
Found: C, 36.28; H, 4.00; N, 18.66%. '"H NMR (400 MHz, acetone-
dg): 6 0.82 (t+dt, ¥Jp.y = 60.5 Hz, 3H, CH,CH3), 2.31 (s+d, *Jpey =
10.1 Hz, 6H, COCH,), 2.34 (q+dq, YJpu = 76.0 Hz, 2H, CH,CHj,),

6.39 (t, 2H, H"* pz), 6.41 (t, 1H, H’ pz), 6.68 (t, 1H, H"* pz), 7.79 (d,

1H, H' pz), 7.86 (d, 2H, H pz), 7.93 (d, 2H, H* pz), 7.96 (d, 1H,
H" pz), 8.01 (d, 1H, H® pz), 8.22 (d, 1H, H" pz). °C NMR (125
MHz, acetone-dg): § 11.9 (s+d, Jp.c = 723.8 Hz, CH,CHs), 15.6 (s+d,
e = 31.5 Hz, CH,CH,), 35.5 (s+d, ¥pc = 181.3 Hz, COCH,),

105.8 (s, C¥* pz), 106.1 (s, C° pz), 107.1 (s, C** pz), 135.6 (s, C'* pz),

135.7 (s, C*/* pz), 136.7 (s, C** pz), 141.7 (s, c¥ pz), 141.9 (s, C?
pz), 142.6 (s, C* pz), 194.8 (s+d, *Jp,c = 970.6 Hz, COCH;). Pt
NMR (107 MHz, acetone-dg): § —1436.4 (s). IR: v(CO) 1690,
v(CO) 1653 cm™.

[Pt(COMe),Bn{(pz),B}] (10c). Yield: 65 mg (59%). Anal. Calcd
for C,3H,sNgO,BPt (6514 g/mol): C, 42.40; H, 3.87; N, 17.21.
Found: C, 42.04; H, 3.78; N, 17.16. '"H NMR (400 MHz, acetone-dy):
8229 (s+d, Jpy = 9.0 Hz, 6H, COCH,), 3.80 (s+d, Ypyyy = 93.6 Hz,

2H, CH,Ph), 6.19 (t, 2H, HY* pz), 6.42 (t, 1H, H’ pz), 6.67 (t, 1H,
H" pz), 6.80 (m, 2H, 0-CH Ph), 6.89 (m, 2H, m-CH Ph), 7.00 (m,

1H, p-CH Ph), 7.18 (d, 2H, H** pz), 7.78 (d, 1H, H' pz), 7.82 (m,
2H, H*® pz), 7.95 (d, 1H, H" pz), 8.04 (d, 1H, H® pz), 8.18 (d, 1H,

dx.doi.org/10.1021/0om3001907 | Organometallics 2012, 31, 3700—3710
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Table S. Crystal Data and Structure Refinement for 4a, 5a, 7:(18C6), and 9¢

4a Sa 7-(18C6) 9c
empirical formula C,5H,,B,N,O,Pt, C,5H,4B,Cl,N,O,Pt, C,sH B, K, NOPt, C,oH,3B,N(O,Pt,
fw 4952 529.7 664.3 585.3
cryst syst orthorhombic monoclinic monoclinic triclinic
space group P2,2,2, P2,/c P2, PT
a (A) 7.798(1) 9.794(2) 9.7876(5) 9.1821(4)
b (A) 12.786(3) 12.800(5) 16.6534(6) 9.5744(4)
¢ (A) 16.615(3) 12.055(4) 11.7754(6) 12.9873(
a (deg) 8542%
£ (deg) 115.63(2) 108.631(4) s«ﬁg(
v (deg) 468(4)
vV (A%) 1656.6(6) 1701.6(9) 1818.8(2) %95(7)
z 4 4 2 '\ p)
Dy (gem™) 1.986 2068 1.577 0,') 1.897
u(Mo Ka) (mm™) 8.487 8.422 4,027 6.875
F(000) 944 1008 *568
0 range (deg) 2.45-25.00 2.19-25.89 2.66— 28@ \ 2.84-26.17
reflns collected 11823 12272 1535 11981
reflns obsd [I > 26(I)] 2696 2637 3581
indep reflns 2807 [R;, = 0.0384] 3241 [Ry, = 0.0602] %[RM@ 4042 [Ry, = 0.0257]
data/restrains/params 2807/1/216 3241/0/219 \\\718/ 427 4042/0/271
goodness-of-fit on F* 1.048 1.031 (b. 0. 974(0 1.045
final R indices [I > 26(I)] R, = 0.0242 R, = 0.0228 €9 279 R, = 0.0187
wR, = 0.0589 wR, = 0.0533 @ é} = 0.0677 wR, = 0.0420
R indices (all data) R, = 0.0261 =0. 0 L = 0.0316 R, = 0.0236
wR, = 0.0601 wR, = 0.0687 wR, = 0.0433

largest diff peak and hole (e-A™?) 0.996 and —1.299

1.061 and —1.220 1.300 and —1.016

H'S pz). 3C NMR (125 MHz, acetone-dg): & 254 (s+d, p,c = g\\b @THOR INFORMATION

Hz, CH,Ph), 36.5 (s+d, Yp,c = 169.6 He, COCH3), 106.3 (s, C**
107.2 (s, C° pz), 108.0 (s, cH pz), 125.3 (s+d, *Jpc = 14.5
Ph), 128.8 (s+d, *Jp,c = 13.5 Hz, m-CH Ph), 130.0 (s+d, }

Hz, 0-CH Ph), 136.5 (s, C¥/% pz), 1366 (s, C' pz), 1% 5, CIS

142.4 (s, C¥* pz), 142.8 (s, C" pz), 1439 (s, C° aQAé 1 s+¥;gc
@ Thc

= 495 Hz, i-C Ph), 1949 (s+d, Jpc = 951
NMR (107 MHz, acetone-dg): & —1314 1683,
v(CO) 1662 cm™.

3.11. X-ray Crystallography. Dat; -ray
single crystals were collected on a S DS d
220 K, on a Stoe-IPDS 2T dlffra ter (7
an Oxford Gemini S diffrac
radiation (4 = 0.71073
the crystallographlc d
refinement param
were applied num
0.24/0.67, 5a)
(Tmin/ Tmax

a ion analysis of
eter (4a/5a) at
) at 200 K, and on
0S5 K using Mo Ka
raj te mator) A summary of
ection parameters, and the
glven e S. Absorption corrections
2% (T,in/ Tonae 0.30/0.34, 4a;
mpmcv;g)mth the PLATON program package =
.33, 7-(18C6)) and CrysAlis RED** (Tiin/ Tinas
, respectively. The structures were solved with direct
ing SHELXS-97>> and refined using full-matrix least-
outines against F* with SHELXL-97. 2+ All non- hydrogen
a@‘were refined with anisotropic displacement parameters and
hydrogen atoms with isotropic ones. H atoms were placed in
calculated positions according to the riding model.
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Diacetylplatinum(IT) and -platinum(I'V) Complexes
Bearing k*- and kx3-Coordinated Tris(pyrazolyl)methane
Ligands: Investigations on the Synthesis, Fluxionality, and
Reactivity in Relation to the Substitution Pattern of the

Ligands

Martin Bette,!?! Jiirgen Schmidt,™ and Dirk Steinborn*!!

Keywords: Platinum / Tridentate ligands / Hydrogen bonds / Fluxionality / Ab "?'\io calc%ions

Reactions of the dinuclear platina-p-diketone [Pt,{(COMe),-
H},(p-Cl),] (1) with HC(pz); and HC(3,5-Me,pz); (pz = pyr-
azol-1-yl; 3,5-Meypz = 3,5-dimethylpyrazol-1-yl) afforded
cationic, thermally labile diacetyl(hydrido)platinum(IV) com-
plexes [Pt(COMe),H{(pz);CH}|C] (3a) and [Pt(COMe),H-

methane ligands, which were found to react with NaOH o,
NEt; to yield neutral diacetylplatinum(II) complexes with
coordinated tris(pyrazolyl)methane ligands ({[Pt(C -
{(pz);CH]] (4a); [Pt(COMe),{(3,5-Me;pz);CH]] (4b)}. Inda/b,
a molecular rearrangement (decoordination 0 razol

ring and coordination of the originally pendant
perat

S
{(3,5-Me,pz)sCHJ}]CI (3b) with k3-coordinated tris(pyrazolyl)- * ﬁona
5 C

found that has been investigated by vanabl
NMR spectroscopic measurements

(coal nce as
well as by DFT calculations. Dlacetylgﬁum(ﬁgf
4 were found to react in oxidativ tion ions e(%
ROTf (R = H, Me; OTf = trifl Qetha

d
methyl iodide to yield cati Cet 1nuu‘@(
plexes of the type [Pt(COM @ﬂ /OTH,

S

*

Me/O"& Me/ ) and OMe),R{(3,5-Me,pz)5-
CH X [R/ H/O . (6b), Me/I (7b)] with k3-
bonde (pyra @ meth%hgands. Treatment of 4b with
alky: gents, of the type [[Ph(C=CR)]X (R/X =
Tf, Tos, iPr/OTos; OTos = p-toluene-
ation of cationic diacetyl(alkynyl)-
cofppléxes [Pt(COMe),(C=CR){(3,5-Me,pz)3-
*je\«s/OTf (8a), Ph/OTf (8b), tBu/OTos (8¢),
os e identities of all platinum complexes were
u m proven by high-resolution mass spectromet-
ves atlons by NMR ('H, 3C, '¥°Pt) and IR spec-
, as well as by single-crystal X-ray diffraction analy-
a, 4b, 7a, 8a/d). The constitution of the thermally labile
plexes 3a/b has been confirmed by low-temperature
-80°C) NMR ('H, '3C) spectroscopic measurements. The
electronic and steric influence of the additional methyl
groups in HC(3,5-Me,pz); on reactivity, stability, and proper-
ties of the investigated compounds will be discussed.

Q

Introduction

SO Aa\g

Q’tz{(COR)zH}z(u C1)y)

(R = alkyl) can b s1dere droxycarbene complexes,
which are stablé intramolecular O-H++O hydrogen
bonds to n ing acyl ligands. Due to their electronic
i 6-valence-electron complexes) and their ki-
netically labile ligand sphere, platina-p-diketones exhibit a
unique reactivity and thus can be precursor complexes for
the synthesis of a great variety of acyl platinum(Il) and
platinum(IV) complexes with bidentate NN, PP, S/S,
NAO ligands.['l Platina-B-diketones are accessible by reac-
tions of hexachloridoplatinic acid with n-butyl alcohol and

Dinuclear platina-
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trimethylsilyl-substituted alkynes, as shown in Scheme 1 (re-
action path a) for the synthesis of the parent complex 1 (R
= Me).12

Recently we reported the reactivity of the platina-p-dike-
tone 1 toward tris(pyrazolyl)borates [(pz);BH] and [(3,5-
Me,pz);BH] ", which are known as versatile anionic triden-
tate nitrogen-donor ligands (Scheme 1).! This type of li-
gand is well established in transition-metal chemistry and
belongs to the manifold class of the scorpionate ligands.™
Owing to their tetrahedral structure, tris(pyrazolyl)borates
generally coordinate in octahedral complexes as facial bind-
ing ©W3N,N’,N'' ligands, as also found for the diacetyl(hyd-
rido)platinum(IV) complexes I formed by the reaction of
1 with tris(pyrazolyl)borates (Scheme 1, reaction path b).
Diacetylplatinum(Il) complexes II bearing x>-coordinated
tris(pyrazolyl)borate ligands were found to be accessible by
the reaction of the respective hydridoplatinum(IV) com-
plexes I with potassium methoxide (Scheme Ic) as well as
by means of facile ligand-exchange reactions with the diace-
tylbis(benzylamine)platinum(Il) complex [Pt(COMe),-
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@' 1) n-BuOH B,NO R
2) Me3SiC=CSiMes H r R 7
R <\(
Me | R @N -R /COMe
>—0 R=H, Me 7 _Pt_
il ﬁg\l COMe
; R™N\,R
K SN
M 1)2,2b ¢ R
e 2-bpy I
~n >—o. e >:o 2) NaOH/H,0 KlpzsBH] or (l/ R=H. Me

3) BnNH,

@

= /EOH fo

Scheme 1. Synthesis of diacetylhydridoplatinum(IV) complexes with x3-bonded a

(pyrazolyl)borate ligand.

(NH,Bn),] (2) (Scheme le), which can be prepared in a
multistep synthesis starting from the platina-B-diketone 1
(Scheme 1d).! Because of the ligand structure described
above, the coordination of the tris(pyrazolyl)borates in typ
II square-planar complexes is restricted to an k>N,N’-c
dination mode with a pendant third pyrazolyl ring.

The isoelectronic neutral tris(pyrazolyl)meth &nds
of the type (pz*);CH (pz* = pyrazolyl group &
fied substituents) are formally derived from t V\
ing anionic tris(pyrazolyl)borate ligand

central boron atom by a carbon atomeafdy thug, e it
same geometric restrictions such & he t&yraz
borates as described above.[®! 1 tras tris(pyrazel
methane ligands have receiv ntlolﬁ the
scorpionates. In part, this has Been d the re difficult
synthesis of ring-substituted tris( lyl) ne ligands
in particular than the tris(pyra bora ogues. Since
the beginning of the new mi eparat1on of the
tris(pyrazolyl)methane é en greatly im-
proved,”®l and chem i area is expanding
rapidly.[*] % ()

e synthesis and characterization of
) complexes bearing k>N, N'-coordinated

Herein, we re
diacetylplat
tris(pyrazo@xethane ligands as well as the molecular re-

arrangements in these complexes. Furthermore, we present
investigations on the reactivity of these compounds in oxi-
dative addition reactions including those with alkynylio-
dine(ITI) reagents.

Results and Discussion

Synthesis and Characterization of Diactylplatinum(II)
Complexes Bearing k2-Coordinated Tris(pyrazolyl)methane
Ligands

Synthesis

The reactions of the dinuclear platina-B-diketone
[Pt2{(COMe),H}»(u-Cl),] (1) with tris(pyrazolyl)methane

Eur. J. Inorg. Chem. 0000, 0-0

B”HzN\Pt/CO'V'e K[(3,5-Me,pz);BH]

BnH,N "~

4

CoMe '\(b
& D
QQ*J &m(ll) c@ﬁ%xes with 12-bonded tris-

ande~ @S\S yrazolyl)methane at —78 °C followed

addl begch as NEt; or NaOH led to the

o%natl diacetylplatinum(I)  complexes

{(pz% ] (4a) and [Pt(COMe),{(3,5-Me,pz)s-

coordinated tris(pyrazolyl)methane li-

( Yn 2, a and b). Both compounds were isolated

g00 elds of 81 (4a) and 66% (4b) as white solids,

wh1 ere characterized by NMR ('H, 13C, '”°Pt) and IR

&( scopy, as well as by high-resolution mass spectro-

ric (HRMS-ESI) investigations and single-crystal X-ray
1ffract10n analyses.

Owing to their thermal instability, the hydridoplatinu-
m(IV) complexes 3a/b, formed as intermediates, could not
be isolated (Scheme 2, a). Nevertheless, their identities were
unambiguously proven by low-temperature NMR spectro-
scopic studies, which will be discussed below.

In principle, reactions of 3a and 3b both with NEt; and
NaOH led to the formation of the respective platinum(II)
complex 4a/b (Scheme 2, b). The base given in Scheme 2
was chosen to properly separate the complex from the by-
products. [Pt(COMe),{(pz);CH}] (4a) is only slightly solu-
ble in protic solvents like methanol and almost insoluble in
dichloromethane, chloroform, acetone, or THF, as already
observed for the analogous dimethylplatinum(II) complex
[PtMe,{(pz);CH}].' Thus, by using NEt; as base and
dichloromethane as solvent, the soluble triethylammonium
salt formed can be easily separated from the insoluble com-
plex 4a. In contrast, [Pt(COMe),{(3,5-Me,pz);CH}] (4b) is
very soluble in dichloromethane and chloroform, so that
using an aqueous solution of NaOH as base offers the pos-
sibility to extract the complex with dichloromethane.

However, in any case, the workup procedure has to be
done quickly, because the two complexes were found to de-
compose in solution. At room temperature and under an-
aerobic conditions, colorless solutions of 4a in methanol
turned pale yellow within several hours, and the start of
decomposition can even be detected by NMR spectroscopy
after one hour. In the case of 4b, the stability depends on
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Scheme 2. Synthesis of the diacetylplatinum(II) complexes 4a/b.

the type of solvent. At room temperature, soluti
dichloromethane were found to decompose withi

hours, whereas solutions in methanol were sta aco
ple of days. \ Q

As reported recently, the analog omp
(Scheme 1) bearing x*-coordinated sqo&nate |
er

s can
also be synthesized in facile ligand e ns t
ing from [Pt(COMe)z(NHan)Z] che ¢ l3g&
trast, the benzylamine com eact
with HC(pz); and HC(3,5-Me,pz); ? me It has
been shown by 'H NMR spectrosc& at 1 at room

temperature no reactions OCCUS® SSVQ\ urs.

Spectroscopic Charactertzaw

The 'H, 13C, and 1955&]\/1 I@Q of the diacetylplati-
num(II) complexes d 4b§/) proof of their identities.
At room tempera&H and °C NMR spectra, some sig-
nals are broa which points to a dynamic process.
Thus, low+& ature (73 °C) and temperature-dependent
NMR spectidscopic measurements were also performed.

At room temperature, the 'H NMR spectrum of
[Pt(COMe),{(pz);CH}] (4a) displayed one signal for both
acetyl ligands at 6 = 2.08 ppm, which reflects the mirror-
symmetric structure of the complex in solution. Surpris-
ingly, the three protons of the pyrazolyl rings of the tris(py-
razolyl)methane ligand are represented by only three signals
at 0 = 6.62, 7.76, and 8.25 ppm, in which the signal at § =
8.25 ppm is very broad. The '*C NMR spectrum exhibits
also only one (partially broadened) resonance for each of
the aromatic carbon atoms. All this implies a dynamic pro-
cess that leads to chemical and magnetic equivalence of all
three pyrazolyl rings. An intramolecular rearrangement,
which involves the dissociation of one of the two coordi-

Eur. J. Inorg. Chem. 0000, 0-0 3

Pt
N \Coﬁ&

nxeid rin @wed by the coordination of the third prior

Q%ted pyrazolyl ring in the sense of a fluxional

ight be an explanation. A fluxional behavior of

t% nd tris(pyrazolyl)methane ligands is described by

riguez-Pérez and co-workers for allylpalladium(IT)
omplexes (i

In contrast, at room temperature in the '"H NMR spec-
trum of [Pt(COMe),{(3,5-Me,pz);CH}] (4b), two signals
with 2:1 intensity were found for the protons of the tris(pyr-
azolyl)methane ligand. The '3C NMR spectrum of 4b also
displayed two sets of signals for the carbon atoms of the
pyrazolyl rings. Nevertheless, these signals are slightly
broadened relative to the signals of the acetyl carbon atoms,
which suggests the presence of a dynamic process for this
compound too (Figure 1).

Thus, both complexes were analyzed by variable-tem-
perature NMR spectroscopic measurements. The relevant
parts of the '"H NMR spectra of 4a/b are shown in Figures 2
and 3. At —73 °C, in the 'H and '3C spectra of 4a all Jy
and Jc of the three pyrazolyl rings were found to be split
into two resonances, as expected for diacetylplatinum(II)
complexes with only bidentately coordinated ligands of this
type (Table 1 and Figure 2).13121 At 54 °C, the 'H NMR
spectrum of 4b exhibits one signal at 6 = 6.17 ppm that
represents the protons at the 4-position of the pyrazolyl
rings. The methyl groups at the 3-position are represented
by one broad signal at 6 = 2.15 ppm, whereas the reso-
nances for the methyl groups at the 5-position were found
to be still split into two very broad signals at 6 = 1.85 and
2.55 ppm. Thus, the coalescence of this signal was not
achieved at this temperature (Figure 3). Owing to the low
boiling point of the solvent, measurements at higher tem-
peratures could not be performed.
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Figure 1. '3C NMR spectra of 4b at 27 and 53 °C showing the rangé

9
FE

160 150 140 130 120 110 10‘\@1 8

2 T .
40N\30 20

nd 15?@ as insets.

10 ppm
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M -18°C

\ “ -37°C
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71 6.8 6.5 ppm

Figure 2. Aromatic region of variable-temperature '"H NMR spectra of complex 4a.

At 53 °C in the '3C NMR spectrum of 4b, the carbon
atoms of the methyl groups at the 5-position of the pyrazo-
lyl rings are represented by one quite sharp signal at § =
11.4 ppm. The other pyrazolyl C atoms were found to be
still split into two very broad signals (Figure 1). Although,
in comparison to the spectrum recorded at 27 °C, these sig-
nals are broader, but the coalescence is not yet achieved in
this case.

Eur. J. Inorg. Chem. 0000, 0-0

Furthermore, the variable-temperature 'H NMR spec-
troscopic studies were used for an estimation of the Gibbs
free energies of activation at the coalescence temperature
for these dynamics. They were calculated according to
AG™ = 0.00458:T+(10.32 + logkc/T¢), for which the rate
constant is determined by kc = n*AvAN2 by using Av of the
frozen spectra at —73 °C.['3 The compilation of AG-™ and
related parameters in Table 2 shows that for [Pt(COMe),-
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20N\19
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Figure 3. Variable-temperature 'H NMR spectra of complex 4b. The&@@)f %@,OH at chbone C atom of the ligand at around

0 = 8.4 ppm is not shown.

Table 1. NMR spectroscopic parameters of the pyrazolyl pi
complex 4a (0 in ppm).

T [OC] 5H3 (5H4 (SHS 5C3

23 776 662 825 1452 ‘.8
731l 776 659 787  143.1
781 673 852 1468\ 10

[a] Resonances of noncoordinated pyre@‘\mg a en ﬁ&

A
{(pz);CH}] (4a) the Gibbs fn’%!%gy &vati&}% cal-
culated to be about 2.5kcalmo ”& A versus
15.9 kcalmol ') than that of 6&01\{[ ,5-Me,pz);-
CH}] (4b). The higher activat barri& 4b might be

caused by the higher or abilityy of the HC(3,5-
Me,pz); ligand or by steDh reas to the additional

methyl groups.

Table 2. Gibbs fre @gles of activation and related parameters
for the dynamlr\écomplexes 4a/b.

4a 4b
H3 H4  H5 H4 C3-CH,
Tc [K] 262 276 297 312 322
Av [s7] 28.3 62.7 268.9 14.9 68.2
ke [s ™ 62.9 139.3 597.3 33.1 151.5
AGc™ [kcalmol™!] 13.2 134 13.6 16.2 15.7

In general, NMR spectroscopy activation parameters are
accessible in the range between 5 and 25 kcalmol'.['3 By
taking the well-studied dimethylformamide as a benchmark
(AG:™ = 21.5 kcalmol™! at T = 114 °C), the dynamics in
complexes 4a/b are much faster, but in a comparable range
with other molecular rearrangements in palladium and
platinum complexes (AG-™ = 10.6-15.3 kcalmol ™! at T =
—43 to 68 °C).[1114-16]

Eur. J. Inorg. Chem. 0000, 0-0

5(3 Q@‘Pt
T 5 0.0) (.0) (3.)

\O

S g

*
43y, 4c* 4a,00*

Figure 4. Equilibrium structures (calcd.) of complexes [Pt(COMe),-
{(pz);CH}] with the ligand x>N,N’-coordinated in an anti-anti-syn
(4a,,,*) and anti-anti-anti (4a,,,”) conformation, respectively, as
well as kN-coordinated (4¢*). The standard Gibbs free energies
[kcalmol '] are given in parentheses relative to the most stable iso-
mer. In 4a,,,* the broken line indicates the nonbonding Pt--N"’
distance (3.535 A).

DFT Calculations

To gain insight into the dynamics of complexes 4, quan-
tum chemical calculations at the DFT level of theory were
performed using the B3LYP functional and high-quality ba-
sis sets for all atoms and a pseudopotential for Pt consider-
ing relativistic effects (for details, see the Experimental Sec-
tion). In all calculations, solvent effects (MeOH) were con-
sidered according to Tomasi’s polarized continuum model
(PCM). Please note that throughout this paper calculated
complexes are marked with a star. All Gibbs energies given
refer to standard conditions (298 K).

The structure of the calculated complex [Pt(COMe),-
{(pz)sCH-x>N,N'}] (4a,,,*; Figure 4) is very close to that of
the complex in crystals of 4a except — as will be discussed
below — that the arrangement of the two acetyl ligands is
transoid. The analogous T-shaped complex 4c¢* (Figure 4),
which has only bound the tris(pyrazolyl)methane ligand in
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Figure 6. Molecular structure of [Pt(COMe),{(pz);CH}] (4a). The
ellipsoids are shown with a probability of 30%. Broken lines indi-
cate intermolecular C-H-+O hydrogen bonds in crystals of 4a. Se-
lected structural parameters (distances in A, angles in °): Pt—Cl
1.973(3), Pt-C3 1.978(4), Pt-N2 2.139(3), Pt-N4 2.118(3); C1-Pt-
C3 87.4(2), C1-Pt-N4 92.5(1), C3-Pt-N2 94.9(1), N2-Pt-N4
85.2(1), C1-Pt-N2 177.3(1), C3-Pt-N4 179.1(1); C7--O1’ 3.080(6),
H--Ol’ 2.25, C7-H--O1’ 145, C10---02" 3.036(5), H--O2" 2.22,
C10-H--02' 143.

standard Gibbs free energy. For the analogous com
bearing the tris(3,5-dimethylpyrazolyl)methane liga

Figure 7. Moleculdr structure of %OMe)z{G 5-Me,pz);CH}|
(4b). The ellipsoids are shown pI‘Obdblllty of 30%. Broken
lines indicate inte culd% 0) drogen bonds in crystdls
of 4b. Selected urdl arajfieters ees in A , angles in °):
Pt Cl 200 (5) Qz 176(4), Pt-N4 2.134(4);
C1-Pt—C3.88. 2) C , C3-Pt-N2 94.6(2), N2-Pt—
N4 82 176 C3 Pt-N4 176.7(2); C20--02’
3. 01 @ 02’ 147.

a kN-coordinated fashion, is 4.0 kcalmol™' higher in t%@ @A s}:{ﬁ
R @*

difference in the Gibbs energies

amoun only (b
2.1 kcalmol !; the structures of these comp K are 61(& \Q

in the Supportmg Information.

To get an impression of the energy, gq tatlon
of pyrazolyl rings in these ligands ( muzi{eced
coordination of the originally pexé6 @1
)11

rotational barriers in the free %
calculated. For HC(pz); the Tesults ow e dia-
see N&npportmg

gram in Figure 5 [for (3,5-Me,pz)
Information]. Two equilibriumss ureiﬁ been calcu-
lated. The one with an anti—rzbsyn rmation repre-
sents the global minimum @d the %lth the anti-anti—
anti conformation is 2. ?er in the Gibbs en-
ergy. Here and in th, wing,se tlons the conformations
are described wit ect to the H-C-N-N angles. The
anti-anti-syn &rmaﬁon was found in crystals of com-
plexes 4a/ igures 6 and 7) bearing the ligand in an

k2N,N'-coordfnated fashion, whereas the anti-anti-anti
conformation would permit an x3N,N’,N'’ coordination.
The Gibbs free energy of activation for the syn—anti trans-
formation according to Figure 5 amounts to 4.1 kcalmol .
In the case of the dimethyl-substituted derivative, both con-
formers have the same energy, but the activation barrier is
significantly higher (5.9 kcalmol ™).

An alternate process for the fluxional behavior of the
complexes would be via an intermediate complex with the
tripodal ligand «3N,N’,N''-coordinated, but we failed to lo-
calize such a complex, [Pt(COMe),{(pz);CH->N,N',N''}],
as an equilibrium structure. Nevertheless, it cannot be
strictly ruled out that at first the pendant pyrazolyl ring in
the complex [Pt(COMe),{(pz);CH-k>N,N'}] (42,,,*) is ro-

Eur. J. Inorg. Chem. 0000, 0-0

Figure 5. Gibbs free-energy diagram for the rotation of one pyrazo-
lyl group in HC(pz);. The Gibbs energies [kcalmol '] are given in
parentheses relative to the most stable isomer (left: anti-anti-syn
conformation; right: anti-anti-anti conformation; ts = transition
state).

tated such that the ligand adopts an anti-anti-anti confor-
mation. The Gibbs energy of this complex (4a,,,*; Figure 4)
is 3.1 kcalmol™! higher than that of complex 4a,,*. The
Pt--N'’ distance (3.535 A) indicates that there are no bond-
ing interactions. The Gibbs free energy of activation is
3.8 kcalmol ™. In the case of the complex with the dimethyl-
substituted ligand, the situation is different. Here, the struc-
ture in which the N atom from the pendant pyrazolyl ring
is pointed toward the central platinum atom is a transition
state (Pt-N'’ 3.215 A) that lies 6.5 kcalmol! above the
equilibrium structure.

Because the decoordination of one of the two N atoms
in the starting complexes 4a,,,*/4b,,* can be assumed to
proceed with a low activation barrier (4a,,*— 4c*;
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4b,,* —4d*), the conformational changes of «'N-coordi-
nated ligands (such that the previous pendant pyrazolyl
groups are ready for coordination) are the processes that
determine the activation barrier. The calculations show
that — in accordance with the experiments — the barrier is
less for the HC(pz); ligand. Although less likely, the process
in which the conformational change of the ligand precedes
the decoordination of one of the two N atoms, gives the
same result.

Structures of [Pt(COMe),{(pz);CH}] (4a) and
[Pt(COMe){(3,5-Meypz);CH} ] (4b)

Crystals of 4a/b were obtained from saturated solutions
in methanol at —7 °C. The molecular structures are shown
in Figures 6 and 7; selected structural parameters are given
in the figure captions. The platinum atoms are square-
planar-coordinated by two acetyl ligands and an x>-bonded
tris(pyrazolyl)- (4a) or tris(3,5-dimethylpyrazolyl)methane
(4b) ligand. The angles between neighboring ligands are all
close to 90° [85.2(1)-94.9(1)°, 4a; 82.4(1)-94.9(2)°, 4b]. The
HC(p-pz),Pt units adopt a boat conformation with the
backbone carbon atom of the tris(pyrazolyl)methane ligand

(C14, 4a; C20, 4b) and the platinum atom at the apices. The * @rm
noncoordinated pyrazolyl rings are orientated pseudopara@Sch

lel to the coordination plane (Pt,C1,C3,N2,N4). The a
between the complex plane and the plane of the non
nated ring are 55.0(1) (4a) and 52.0(2)° (4b), Wh h
in a distance of 3.722 (4a) and 3.692 A (4b)
platinum atom and the center of grav1ty of
nated rings.

In both structures, the carbonyl oxy
acetyl ligands were found to lie o \e sa
complex plane. Thus, the diacety, etlestg
conformation. In cis-diacety, lexes ano(i/ for-
mation (which means that the\carbo ato& on dif-
ferent sides of the complex plane) d be red, clearly
due to a reduced repulsion bet %
O atoms and the space- deman

i-
ults

B
b

cisoid conformations are stab hzed weak intermolecular
C-H--+O hydrogen bo@ucb@ e crystals are thre-

@0 +ROTf
B @
R@‘R _COMe
Pt
. ﬁgN COMe
Y R
H/C\N% ®
R + Mel

cn
OIlC

aded by one-dimensional strands (Figure 6 and Figure 7).
The structural parameters of these hydrogen bonds in which
the O atoms of the acetyl ligands act as hydrogen acceptors,
and C-H groups of pyrazolyl rings (4a) and of backbone
of the ligand (4b) act as hydrogen donors [C--O 3.016(6)—
3.080(6) A; H-+O 2.13-2.25 A; C-H--O 143-147°] are in
the range of such attractive interactions.!” In full accord
with this argumentation, DFT calculations that represent
the molecules in the gas phase or in solution (methanol)
without intermolecular interactions exhibit the transoid
conformation as the most stable ones (see %ve).

Reactivity of [Pt(COMe)z{(pz)3CH}F13) and [Pt(COMe),-
{(3,5-Me,pz);CH}] (4b) toward l%’llf (R = H, Me) and
Methyl Iodlde Q

Synthesis

As desc% pre ly rldoplatlnum(IV) com-
plexes Me pz) 1 (3a) and [Pt(COMe),H-
{(355 ormed by the reaction of
[P }2(”' 1) and the respective ligand as

d to be highly temperature-sensitive
eping in mind that hydridoplatinum(IV)
be prepared by protonation of plati-
unds,!'®! the reactivity of complexes 4a/b to-
romethanesulfonic acid was investigated. As
1n Scheme 3 (reaction pathway a), the reactions re-

in the formation of hydrido complexes 5a/b of the
3a/b but with triflate instead of chloride as
ounteramon The compounds were isolated in good yields
of 87% and identified by NMR ('H, 3C, '°F, '°>Pt) and IR
spectroscopy as well as by high-resolution mass spectromet-
ric (HRMS-ESI) investigations. In contrast to 3a/b, com-
pounds Sa/b were found to be stable in acetone or methanol
at room temperature, thus exhibiting a pronounced depen-
dence of the stability of the hydridoplatinum(IV) complexes
on the counteranion. Solutions of 5a/b in chloroform and
dichloromethane showed a restricted stability. At room tem-
perature and under ambient light, solutions of Sa/b in

OoTf

5a 5b 6a 6b
R|{H Me H Me

R''H H Me Me

e \F\)t/COMe
Q/QN/ | >come
R \ _N =
/C’NO 7a 7b
H
R | RIH Me

Scheme 3. Reactivity of [Pt(COMe),{(pz);CH}] (4a) and [Pt(COMe),{(3,5-Me,pz);CH}] (4b) toward R’OTf (R’ = H, Me) and methyl

iodide.
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dichloromethane were found to be stable for approximately
1 day, whereas decomposition in chloroform can be ob-
served after just 2 h. It can be assumed that the initial step
of this decomposition is a conversion of the hydrido- into
chloridoplatinum(IV) complexes along a radical pathway as
described for similar hydridoplatinum(IV) complexes
([PtMe>H {(3,5-Me,pz);BH}],['! [Pt(COMe),H {(pz);BH}]/
[Pt(COMe),H{(3,5-Me,pz);BH}|*!) that bear scorpionate
ligands. Here, starting from Sa/b, the selective synthesis of
the respective chlorido complexes failed and substances
with a high content of impurities were always obtained.
Furthermore, the reactivity of [Pt(COMe),{(pz);CH}]
(4a) and [Pt(COMe),{(3,5-Me,pz);CH}] (4b) in oxidative
addition reactions toward methyl trifluoromethanesulfonate
(Scheme 3, a) and methyl iodide (Scheme 3, b) was investi-
gated. The reactions with methyl trifluoromethanesulfonate
proceeded significantly faster than those with methyl iodide.
In both cases, white or pale yellow solids of cationic diace-
tylmethylplatinum(IV) complexes with triflate (6a/b) and
iodide (7a/b) as counterion were obtained and unambigu-
ously identified by NMR ['H, '3C, '°F (6), '°°Pt] and IR
spectroscopy, as well as by high-resolution mass spectro-
metric (HRMS-ESI) investigations and single-crystal X-ray ‘
diffraction analysis (7a). All compounds proved to be ai
and moisture-stable and soluble in dichloromethane, ch
roform, and acetone without decomposition over s
days. Thus, in this case, no significant effect of the co
ion on the stability of the compounds was obs

ter-

K

Spectroscopic Characterization

Selected 'H, '3C, and !°Pt NMR,s
eters of complexes 3 and 5-7 are
The spectra confirm the identitie
nals were found in the exp%@\ rect
intensities in the 'H NMR pectra
of the hydridoplatinum(IV) complé?; an&g!{hlblt the
characteristic, far-upfield- sh © * -17.98 to
—18.73 ppm) hydride resonance 1th ! H ouplmg con-
stants between 1619.7 and 2H und for other hy-
dridoplatinum(IV) co t In 'H NMR spectra
of 5a/b recorded in no'sighal for the hydrido ligand
was observed. H r, the resonances and intensities of
the other pro § 1d not change significantly, which sug-
gests an change between the hydrido ligands and
the solvent. prove it definitively, compounds Sa/b were
dissolved in CD50D, and after removal of the solvent 2H
NMR spectra of the obtained solids (dissolved in CH,Cl,)
were recorded. Both spectra displayed a singlet signal at
higher fields (0p = —18.07/-18.53 ppm) very close to dy; for
the hydrido ligands in the respective complexes Sa/b. Thus,
these results give proof for the formation of the complexes
[Pt(COMe),D{(pz);CH}JOTf (5¢) and [Pt(COMe),D{(3,5-
Me,pz);CH}JOTT (5d) in CD3;0D bearing deuterido instead
of hydrido ligands.

In [Pt(COMe),H{(pz);CH}]CI (3a), the Jy of the meth-
ine proton of the HC(pz); ligand was found at much lower
field (0 = 12.39 ppm) relative to the free ligand (0y =
8.41 ppm)P?!1 and to the corresponding diacetylplatinum(II)

hec

Eur. J. Inorg. Chem. 0000, 0-0

o g\ram- 5
zﬁf

Table 3. Selected NMR spectroscopic parameters (0 in ppm, J in
Hz) of the hydridoplatinum(IV) complexes [Pt(COMe),H-
{(pz);CH}]X [X = CI (3a), OTf (5a)] and [Pt(COMe),H{(3,5-
Me,pz);CH}]CI [X = CI (3b), OTf (5b)].

COCH, COCH; Pt-H HC(pz)3/
HC(Meypzs)
5]_[ 5C (Sc[d] 5H 5]—[
(3JP1,H) (Z'IPt,C) (1JPt,H)
3ald 271 44.7 189.0  -17.98 12.39
€ (257.1) (1637.2)
3l 2.49 40.6 1923 -18.54 7.97
[l (209.3) (1619.7) (c)
5al 273 442 186.7  -18.30 q 10.17
(28.5)  (263.9) (1659
5pi° 258 41.3 190.5 8.08
(17.7)  (222.0) ‘(_1 636.

b]'Measured at +27°C in
[d] 'Jp.c coupling constants
nsity.

0

[a] Measured at —80 °C in CDz(il\g.
CD,Cl,. [c] Observed as shou®

were not observed to p

Table 4. Chg&gterlst
Me{(pz)? X [xt%rf (6

OplC data of [Pt(COMe),-
a)] and [Pt(COMe),Me{(3,5-

Mezpz@ b)].
CH, Q COCH;, HC(pz)s/
(Q. HC(Mespzs)
6\ (5' bo) ‘q‘c Tod)  dc (Tme) Oy I
\@ 35.8 189.5 1030 -1495.5
N (200 7) (939.0)
~§ 193.3 820  -1584.4
(181 5) (944.4)
7a 247 35.8 189.2 1222 -1491.2
(14 7) (200.7) (940.0)
231 342 1932 8.18  -1583.2
(7.7) (181.4) (944.7)

complex 4a (0y = 9.14 ppm), whereas the analogous com-
pound Sa with triflate as counterion exhibits this resonance
at 0 = 10.17 ppm. The same tendency was also observed for
the methylplatinum(IV) complexes [Pt(COMe),Me-
{(pz);CH}]I (7a, oy = 12.22 ppm) and [Pt(COMe),Me-
{(pz);CH}]OTT (6a, oy = 10.30 ppm), thus indicating a sig-
nificant influence of the type of counterion on this reso-
nance (Table4). A comparable downfield shift (o =
12.49 ppm) was detected for the similar cationic plati-
num(IV) compound [PtPh,Me{(pz);CH}]I with iodide as
counterion in relation to the corresponding platinum(IT)
complex [PtPh,{(pz);CH}] 0y = 9.27 ppm).['?! Further-
more, the cationic platinum(IV) compound
[PtMe,1{(pz;CH->*N,N’,N'")}]I exhibits the resonance of
the methine proton at 6 = 12.60 ppm and, thus, shifted
about 0 = 2.5 ppm to lower field relative to the neutral iso-
mer [PtMe,],{pzzCH-x>N,N'}] (6 = 10.10 ppm).l>?! Thus,
downfield shifts of the methine proton at about é = 10 ppm
might be due to the coordination of the ligand at a plati-
num(IV) center, whereas the downfield shifts above 6 =
12 ppm as in 3a and 7a suggest the presence of hydrogen
bonds between the methine proton and the halide counter-
ions even in solution.[>’) Furthermore, the geometric pa-
rameters found in the single-crystal X-ray diffraction analy-
sis of 7a, which will be discussed below, also confirm the
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presence of these interactions. In the case of a cationic pal-
ladium(II) complex, the interaction between the HC(pz)s;
ligand and the PFs counterion through an assembly of hy-
drogen bonds is already proven both for the solid state and
in solution.l?4l

In contrast, the methine proton of the dimethyl-substi-
tuted tris(pyrazolyl)methane ligand exhibits no dependence
either on the oxidation state of the platinum center or on
the type of counterion in cationic platinum(I'V) complexes
3b, 5b, 6b, and 7b (Tables 3 and 4). The 'H resonances in
complexes 3b and 5b-7b and in the free ligand (oy =
8.00 ppm)! were all found at about 6 = 8 ppm. This might
be due to steric protection of the methine proton by the
methyl groups at the 5-position and/or the electron-donat-
ing effect of the methyl groups.

The 'H and '3C chemical shifts of the acetyl ligands in
compounds 3 and 6 are very similar to those in the corre-
sponding compounds 5 and 7, which shows that, as ex-
pected, the counteranion has practically no influence on
these chemical shifts. Overall, the 'H and '*C chemical
shifts and corresponding coupling constants of the acetyl
ligands in complexes 3 and 5-7 exhibit significant differ-
ences depending on the substitution pattern of the tris(pyr- »
azolyl)methane ligand (Tables 3 and 4). In complexes 3
and 5a—7a, the oy and J¢ of the methyl groups of the ac
ligands are shifted slightly (Ady = 0.15-0.22 ppm

1.6-4.1 ppm) to lower fields relative to the corresp 1ng
compounds 3b and S5b—7b, whereas dc of the yl ¢
bon atoms is shifted by about 4 ppm to hi elds
corresponding *Jp, y as well as the 2Jp,, C ng c@

in complexes with the HC(pz); 11g antly
larger than those found in the analo com es be

the HC(3,5-Me,pz); ligand. Furt ore, %her
trans influence, because of t on&%ﬁtm t of
the additional methyl groups, 195 ts QT‘ nd to
be at higher fields in the hydrido@\um( mplex Sb

exes (Adp; = 90—

and in the methylplatinum(IVhe
100) than in the correspondi a, 6a, and 7a

ompl
bearing the unsubstltutedgbe(pyra@nethane ligand.

Structure of [Pt( e);Me{gf,hCH}]I -CH,Cl,

(7a CH)CIz)

Crystal% a*CH,Cl, suitable for X-ray diffraction
analysis btained from a solution in dichloromethane
in which the solvent was allowed slowly to evaporate at
4 °C. The molecular structure is shown in Figure 8, and se-
lected structural parameters are given in the figure caption.
In crystals of 7a-CH,Cl,, the complex cation and the iodide
counterion are connected by a C—H---I hydrogen bond. The
C--1[3.716(5) A] and H-~I (2.76 A) distances as well as the
C-H-I angle of 159° are in the range of such interac-
tions.?%I Other notable intermolecular interactions [shortest
distance between non-hydrogen atoms: 3.325(7) A,
O1---C7'] were not found.

The platinum atom is located in the center of a distorted-
octahedral environment and coordinated by a facially x>-
bonded tris(pyrazolyl)methane ligand, by two acetyl li-

Eur. J. Inorg. Chem. 0000, 0-0 9

(blengt

of 7a:CH,Cl,. The ellipsoids are shown wit
Hydrogen atoms are omitted for clarity,

broken line indicates an C-H--1 hydrog
Ta-CH,Cl,. Selected structural parameters’(distances in A, angles
in °): Pt-Cl 2.014(6), Pt-C3 2. %"Pt —~C15 2.053(6), Pt-N2
2.193(4), Pt-N4 2.206(5), Pt (4) C1-Pt-C3 92.8(3), C1-

Pt-C15 84.2(3), C —C15 ), C1-Pt-N2 93.0(2), C1-Pt-N6
97.6(2), C3-Pt—, b 6(2) t-N6 2), C15-Pt-N2 91.6(2),
C15-Pt-N49, NT82.6 Pt N6 82.7(2), N4 Pt
N6 82.5(2), Pt— 6(2 t—-N2 172.9(2), C15-Pt-N6
174.1(2)y(TC14 3. , I EL2y/6, I--H-C14 159.
O Q7S
s, a e m ligand. N-Pt-N [82.5(2)-82.7(2)°]
d = [91. (29497.6(2)°] angles are noticeably smaller

ively, than 90°. The Pt-N bond lengths
2.181(4)-2.206(5) A. Within the 3¢ crite-
@S no significant difference in the Pt-N bond
trans to the methyl and acetyl ligands, whereas the
ces in the lengths of the Pt-C,. [2.014(6)/
(6) A] and Pt—Cyye [2.053(6) A] bonds reflect the dif-
rences in the atomic radii of sp3- and sp>-hybridized C
atoms.[?7]

Synthesis and Characterization of Alkynylplatinum(IV)
Complexes

Synthesis

Canty and co-workers reported that alkynyl groups can
be transferred (formally as [C=CR]") from hypervalent alk-
ynyliodine(III) reagents such as [[Ph(C=CR)]JOTf to plati-
num(Il) complexes of the type [PtMe,(N~N)] or
[PtMe,(P/P)] to form alkynyl(dimethyl)platinum(IV) com-
plexes with release of iodobenzene (Scheme 4).2%1 To obtain
more thermally stable complexes, the sixth coordination site
of the platinum(IV) center has to be occupied by an ad-
ditionally added anionic donor like iodide!®! or an neutral
N donor like pyridine*”! because the anionic part of the
alkynyliodonium salts requires the incorporation of non-
nucleophilic anions like triflate, tetrafluoridoborate, or tos-
ylate.[3% The use of diacetylplatinum(II) complexes with k-
coordinated tris(pyrazolyl)methane ligands in such reac-
tions should open the possibility to synthesize cationic alk-
ynyl platinum(IV) complexes when the pendant pyrazolyl
ring coordinates to the sixth coordination site.

Reactions of [Pt(COMe),{(3,5-Me,pz);CH}] (4b) with
[TPh(C=CR)]X (R/X = SiMe;/OTf, Ph/OTT, tBu/OTos, iPr/
OTos) led to the formation of the cationic diacetyl(alkyn-
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Me_ _N 1) + [IPh(C=CRIOTf, —Phl
Pt )
Pt
Me™ N 2) + Nal, ~NaOTf
R
|
C
i
Me C
Me_ | _N Me_ | _N
“Pt] ) " pt] )
_C7 1N Me” | “N
_C7 [

Scheme 4.  Synthesis
plexes.?8]

of alkynyl(dimethyl)platinum(IV) com-

yDplatinum(IV) complexes 8 (Scheme 5). The reactions
were performed at —78 °C in dichloromethane, and after ad-
dition of the first drops of the alkynyliodine(III) reagent,
the color of the reaction mixture immediately turned dark
red. After warming to room temperature, compounds 8
were isolated from henceforth clear, colorless solutions in
good yields between 61 and 80%. Complexes 8 were fully
characterized by NMR ['H, 13C, '°F (8a/b), '°°Pt] and IR
spectroscopy, as well as by high-resolution mass spectro-
metric (HRMS-ESI) investigations and single-crystal X-ray
diffraction measurements (8a/d). The colorless, moistul(
and air-stable complexes are soluble in chloroform, dic@-
romethane, and THF. At room temperature they are@ le
in solution for several days.

a g
Me QN\Me __COMe [IPh(C=CRIX COM
— Phl 2 (¢ :

N s
|l P
v COMe

Me

8c  8d
Q R s@, tBu  iPr
(b' OTf OTos OTos

2

Scheme 5. Synthesi &cetyl(alkynyl)platinum(lV) complexes 8.

In contr@\e corresponding reactions of [Pt(COMe),-
{(pz);CH}] (#a) with [TPh(C=CR)]X, only mixtures of un-
identified products were obtained. After the addition of the
iodine(IIT) reagents, the same characteristic color change
into dark red was observed, but no complete decolorization
occurred when the reaction mixtures were slowly warmed
to room temperature, and the resulting solutions remained
yellow. Thus, it can be assumed that the methyl groups at
the pyrazolyl rings by their donor and/or steric effects are
essential for the stability of alkynylplatinum(IV) complexes
8.

Spectroscopic Characterization

'H and 3C NMR spectra of complexes 8 are fully consis-
tent with the constitution of the complexes given in

Eur. J. Inorg. Chem. 0000, 0-0

(bé&(ipm,
Q = 19

s
}&d by 0 = 8 to 17 ppm.

Scheme 5. Selected spectroscopic parameters are compiled
in Table 5. In all complexes, oy and dc values of the acetyl
ligands and corresponding coupling constants are in a nar-
row range. The !°°Pt resonances were found to be between

= -1366.5 and —1380.9 ppm and, thus, shifted by approxi-
mately 6 = 2100 ppm to higher field relative to the respec-
tive platinum(I) precursor complex [Pt(COMe),{(3,5-
Me,pz);CH}] (4b), as expected.3!]

Table 5. Selected NMR spectroscopic parameters (0 in ppm, J in
Hz) of [Pt(COMe),(C=CR){(3,5-Me,pz);CH}]X, [R/X = SiMe,/
OTf (8a), Ph/OTT (8b), rBu/OTos (8¢), iPr/OTo(s\ .

COCH, COCH; (5f}t—cascBR
¢ On dc Clpic)  dc (IJPl,Jl/ uclOpc Opy
’JPL,H)

8a 2.75 359 1859 % 80.6/103.6 -1366.5
(13.6) (187.1) b&7.9)
8b 2.81 4 185.1 62.3/97.2  -1376.6
(14.0) 81.2) (780.20 *
8c 2.7 \O 36,0% 186 46.5/104.4  -1380.9
(13. (hg61) )
8d f b 5.6 47.1/104.4  -1371.1
. 3 4.9) a795.1)

. &c @al shi che a-carbon atoms of the alkynyl
an ound, to*be strongly dependent on the substitu-
ent hi. Its in the order rBu/iPr (6c = 46.5/

< Ph (0c = 62.3 ppm, 8b) < SiMes (6c =
), thus, they are strongly low-field-shifted (Adc
7) relative to the corresponding alkynyliodonium
n the contrary, the B-carbon atoms are high-field-

tructures of Alkynylplatinum(IV) Complexes

Crystals of [Pt(COMe),(C=CSiMe3){(3,5-Me,pz);CH}]-
OTf-THF (8a'THF) and [Pt(COMe),(C=CiPr){(3,5-
Me,pz);CH}]OTos:CHCI; (8d-CHCl3) suitable for X-ray
diffraction analyses were obtained from a THF solution
layered with n-pentane (8a-THF) and from a chloroform
solution (8d:CHCI;), respectively. Both compounds crys-
tallized as discrete cations and anions without unusual
intermolecular interactions [shortest distance between non-
hydrogen atoms: 3.136(6) A, C18--04', 8a-THF; 3.037(5),
05--C33’, 8d-CHCls]. The molecular structures are shown
in Figures9 and 10. Selected structural parameters are
given in the figure captions.

The platinum atoms adopt a distorted-octahedral geome-
try and are coordinated by the facially x3-coordinated
tris(3,5-dimethylpyrazolyl)methane ligand, two acetyl li-
gands, as well as one alkynyl ligand. Due to the restricted
bite of the facially coordinated tris(pyrazolyl)methane li-
gand, the N-Pt-N angles are slightly diminished [81.9(1)—
84.7(1)° (8a), 81.88(8)-85.77(8)° (8d)]. Whereas in the struc-
ture of 8a the carbonyl oxygen atoms of the two acetyl li-
gands were found on different sides of the complex plane,
thus representing a transoid conformation, in the structure
of 8d, the cisoid conformation can be observed. The differ-
ences in the lengths of the Pt-Cj,. bonds [2.040(3)-
2.059(4) A] and the Pt-Cc_cgr bonds [1.979(3)/1.996(4) A]
reflect the smaller atomic radius of a C(sp) than a C(sp?)
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Figure 9. Structure of the cation in crystals of [Pt(COMe),-
(C=CSiMe3){(3,5-Me,pz);CH}JOT{-THF (8a-THF). The ellip-
soids are shown with a probability of 30%. Hydrogen atoms are
omitted for clarity. Selected structural parameters (distances in
angles in °): Pt-C1 2.059(4), Pt-C3 2.050(4), Pt-C21 1.996(4), Pt—
N2 2.247(3), Pt-N4 2.208(3), Pt-N6 2.100(3); C1-Pt-C3 93.7(2),
C1-Pt-C21 90.7(2), C3-Pt-C21 89.4(2), C1-Pt-N4 90.7(1), C1-Pt—
N6 91.6(1), C3-Pt-N2 93.6(1), C3-Pt-N6 92.4(1), C21-Pt-N2
92.7(1), C21-Pt-N4 93.5(1), N2-Pt-N4 81.9(1), N2-Pt-N6 84.7(1),
N4-Pt-N6 84.5(1), C1-Pt-N2 172.0(1), C3-Pt-N4 174.8(1), C21-
Pt-N6 177.0(1), C21-C22 1.180(6), Pt-C21-C22 177.7(4), C21-
C22-Si 174.4(4).

Figure 10. Structure of tl‘%%on i Q'stals of [Pt(COMe),-
(C=CiPr){(3,5- Mezpz) To@@; (8d:CHCl3). The ellip-
soids are shown wit Qerobablht 0%. Hydrogen atoms are
omitted for clarit d structural parameters (distances in A,
angles in °): Pté? 050(3), Pt—C3 2.040(3), Pt-C21 1.979(3), Pt—
N2 2.220( 4 2.223(2), Pt-N6 2.106(2); C1-Pt-C3 95.7(1),
Cl-Pt-C21 (1), C3-Pt-C21 87.4(1), C1-Pt-N4 90.33(9), C1-
Pt-N6 93.1(1), C3-Pt-N2 91.3(1), C3-Pt-N6 91.3(1), C21-Pt-N2
93.2(1), C21-Pt-N4 95.0(1), N2-Pt-N4 82.49(8), N2-Pt-N6
81.88(8), N4-Pt-N6 85.77(8), C1-Pt-N2 171.47(9), C3-Pt-N4
173.4(1), C21-Pt-N6 174.9(1), C21-C22 1.182(4), Pt-C21-C22
176.5(3), C21-C22-C23 178.4(4).

atom.””l The Pt—N bonds trans to the acetyl ligands
[2.208(3)-2.247(3) A] are significantly longer than those
trans to the alkynyl ligands [2.100(3)/2.106(2) A], thus indi-
cating a higher trans influence of the acetyl ligands than the
alkynyl ligands. The alkynyl fragments in both structures
are slightly bent [Pt-C21-C21/C21-C22-Si 177.7(4)/174(4)°
(8a), Pt—-C21-C21/C21-C22-C23 176.5(3)/178.4(4)° (8d)],
and the lengths of the carbon-carbon triple bonds

Eur. J. Inorg. Chem. 0000, 0-0

[1.180(6)/1.182(4) A] are comparable with other ones found
in platinum(IV) complexes with alkynyl ligands.[*?!

Conclusion

Within this work, the synthesis, reactivity, and dynamics
of diacetylplatinum(Il) and -platinum(IV) complexes bear-
ing k>- and x3-bonded tris(pyrazolyl)- and{pis(3,5-dimeth-
ylpyrazolyl)methane ligands are descri 1th particular
regard to the different substitution p of these ligands,
and in comparison with the correspending isoelectronic

tris(pyrazolyl)borate ligands, m(@qfollowmg conclusions
can be drawn:

dlketone 1 with (3,5-R,pz)s-
ition of bases afforded
exes 4 with x2-bonded

Scheme 2). Intermediates
abile cationic hydridoplatinu-

m om rast, the corresponding hydrido
le@pe I ;§}eme 1) bearing the anionic isoelec-

piongte“~ligands {[Pt(COMe),H{(3,5-R,pz);-
@&} proved to be thermally stable up to

é‘)C 3] me trend was found for the stability of the
@acet num(II) complexes in solution {[Pt(COMe),-

{(3 5:R,pz);CH}] (4a/b) < K[Pt(COMe),{(3,5-R,pz);BH}]
H Me}.
'Whereas the tris(pyrazolyl)borates were found to un-

ergo facile ligand-substitution reactions with [Pt(COMe),-
(NH,Bn),] (2) to form type I complexes (Scheme 1), no
such reactions proceeded with the tris(pyrazolyl)methanes
(Scheme 2, path c). This indicates a higher donor ability of
the anionic borate ligands than the neutral tris(pyrazolyl)-
methane ligands, as expected.
(3) As established by NMR spectroscopic experiments and
DFT calculations, complexes 4a/b, which bear x>-coordi-
nated tris(pyrazolyl)methane ligands, showed in solution a
fluxional behavior, which involves decoordination of one
pyrazolyl group to form T-shaped complexes with x!-
bonded ligands, rotation, and coordination of the original
pendant pyrazolyl group. These dynamics are more pro-
nounced in complex 4a, which can be explained in terms
of lower donor ability and/or less steric hindrance of the
nonmethylated pyrazolyl groups. In accordance with this,
in the corresponding type II complexes bearing the stronger
coordinated tris(pyrazolyl)borate ligands, no such dynamics
were observed at all.
(4) In the cationic complexes [Pt(COMe),R{(pz);CH}]X
(R/X = H/CI, 3a; Me/l, 7a) with halides as counteranions
between the backbone C—H protons and the halide anions,
C-H---X hydrogen bonds were found both in the solid state
and in solution. In contrast, the corresponding complexes
3b and 7b bearing the dimethyl-substituted ligand exhibited
no such hydrogen bonds, which seems to be caused by steric
shielding of the C-H group by the methyl groups (Fig-
ure 11).

© 0000 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim


root
Rechteck

root
Linien


Anhang

Publikation B

73

Eur/IC

www.eurjic.org

FULL PAPER

European Journal

of Inorganic Chemistry

Figure 11. Space-filling model of the calculated cation in
[Pt(COMe),Me{(pz);CH}]I (7a*, left) and [Pt(COMe),Me{(3,5-
Me,pz);CH}]I (7b*, right). The projection is shown along the C—
H (dark gray) Pt (black) vector.

(5) The stability of diacetyl(alkynyl)platinum(IV) com-
plexes, obtained by oxidative addition of alkynyliodine(I1T)
reagents [[Ph(C=CR)]X (R = SiMes;, Ph, 7Bu, iPr; X =
OTf, OTos) to complexes 4a/b (Scheme 5), depends on the
type of the tris(pyrazolyl) ligand. The reaction course indi-
cates that when starting from both complex 4a and 4b, the
respective alkynylplatinum(IV) complexes are formed, but
only compounds 8 bearing the dimethyl-substituted ligand
can be isolated as stable products, whereas, in the other
case, decomposition occurred during the isolation.

To sum up, the present study shows how subtle the chem-
istry of platina-B-diketones with potentially tridentately,
binding tris(pyrazolyl)methane ligands, relative to tri%
(pyrazolyl)borate ligands, is dependent both on the
charge of these ligands (neutral methanes Versus a
borates) and on the substitution pattern of t

nic

razol 142.9
groups (pz versus 3,5-Me,pz), which can be $ bac

differences in electronic and steric effect

\Q 5\
: : K
Experimental Section

General Comments: All react10n< ’%se pert&
mosphere using the standard Sc

dried (diethyl ether and THF over Na/ hen
CaH,; acetone over phosphorus fo
sieves (4 A); methanol over magn

prior to use. If not otherwise ctra were recorded

at 27 °C with Varian Gemi , and Unity 500 spec-

trometers. Chemical shj e rel@i solvent signals (CDCl;,
oy = 7.24 ppm, 5C 0 ppm;

>
N
P

ents were
2C12 over
by molecular
X e and distilled

LCly, 0y = 5.32ppm, Jc =
53.8 ppm; CD3 O .31 ppm, oc = 49.0 ppm) as internal ref-
erences; o('% t ferenced to Nao[PtCl¢]; 6(*°F) is relative to
external C(é At necessary, 2D NMR spectroscopic techniques
(H,H C,H COSY, HMBC, and NOESY) were used to assign the
signals in '"H and '3C NMR spectra. Temperature calibration for
variable-temperature measurements was performed by using
CH;0H/CD;0D (T < 282 K)I*¥1 and CD;0D (T=282 K).}¥ IR
spectra were recorded with a Bruker Tensor 28 spectrometer with
a platinum ATR unit. The high-resolution ESI mass spectra were
obtained with a Bruker Apex III Fourier transform ion cyclotron
resonance (FT-ICR) mass spectrometer (Bruker Daltonics)
equipped with an infinity cell, a 7.0 T superconducting magnet
(Bruker), an rf-only hexapole ion guide, and an external APOLLO
electrospray ion source (Agilent, off-axis spray). The sample solu-
tions were introduced continuously with a syringe pump at a flow
rate of 120 pLh'. Complexes [Pt,{(COMe),H},(u-Cl),] (1) and
[Pt(COMe)»(NH,Bn),] (2),°! ligands (pz);CH and (3,5-Me,pz)s-
CH.®! as well as the alkynyl iodonium compounds [IPh(C=CR)]X

Eur. J. Inorg. Chem. 0000, 0-0 12

(R = SiMe;, Ph, X = OTf; R = ¢Bu, iPr, X = OTos)?*! were pre-
pared according to literature methods.

Synthesis of [Pt(COMe),H{(pz);CH}]Cl (3a) and [Pt(COMe),H-
{(3,5-Me,pz);CH}|CI (3b) at NMR Spectroscopy Scale: At —78 °C
in an NMR spectroscopy tube, 1 (32 mg, 0.05 mmol) and the re-
spective ligand [(pz);CH, (3,5-Me,pz);CH; 0.10 mmol] were dis-
solved in CD,Cl, (1 mL). After 1 h, the NMR spectra of the hence-
forth colorless solutions were recorded, whereby it should be noted
that the NMR spectroscopic tubes were kept at —78 °C at all times.

[P((COMe),H{(pz):CH}|CI (3a): 'H NMR (500 MHz, CD,Cl,,
-80°C): 6 =-17.98 (s + d, Jp.y = 1637.2 Hz, 1 Pt-H), 2.71 (s,
6 H, COCHs), 6.46 (m, 2 H, H"* pz), 6.53 ( ) HO pz), 7.83
(m, 2 H, H*? pz), 8.18 (s, 1 H, H® pz), 8.7 H, H' pz), 8.82
(m, 2 H, B°* pz), 1239 [s, 1 H, (p (% ppm. *C NMR
(125 MHz, CD,Cl,, —80°C): & = 44.7 (s d 2Jpc = 257.1 Hz,
COCH,), 74.1 [s, (pz);C-H], 1073( p2), 107.7 (s, C¥' pz),
133.3 (s, C'Y pz), 134 1(s, CF 0 (s, C® pz), 143.5 (s, C*/¥

pz), 189.0 (s, CO pm and in the following, pyrazolyl

rings are numb consecut ly 1- d 6-10; for chemically

equlvalent bers al ed )

[Pt(CO 3b) 'H NMR (500 MHz,

CD,C ( d, Vp. = 1619.7 Hz, 1 H, Pt-
?@s, 3 2.11 (s, 6 H, C¥¥'-CH, pz), 2.49 (s,

C55_CHs pz), 2.76 (s, 3 H, C1-CH,
z), 6.30 (s, 1 H, H° pz), 7.97 [s, 1 H,
13C NMR (125 MHz, CD,Cl,, -80°C): 6 =
. 11.5 (s, C1-CH; pz), 14.4 (s, C¥¥'—CH, +

Me;p

H] p
1,1 , /5,
5 6 (s + d, 2pc = 209.3 Hz, COCH3), 69.0 [s,

, 108.0 (s, C** pz), 108.5 (s, C° pz), 142.4 (s, C'° pz),
' pz), 1524 (s, C* pa), 153.2 (s, C¥%' pz), 192.3 (s,
) ppm.

ezpz 3

ﬁCOMe)Z{(prCH}] (4a): A solution of tris(pyrazolyl)methane

90 mg, 0.89 mmol) in dichloromethane (5 mL) was added drop-
wise at —78 °C to a suspension of 1 (276 mg, 0.43 mmol) in dichlo-
romethane (15 mL). The reaction mixture was stirred for 30 min at
this temperature to result in a clear and colorless solution. Then
NEt; (146 mg, 1.4 mmol) was added. After stirring for an ad-
ditional 15 min, the reaction mixture was warmed to room tem-
perature and stirred for a further 30 min as a white solid precipi-
tated. The volume of the suspension was reduced to approximately
10 mL. The solid was filtered off, washed with acetone (3 X 1 mL),
and dried under vacuum. Yield 350 mg (81%). HRMS (ESI): m/z
caled. for [C4H;0,N¢Pt]" 496.10552; found 496.10587 [M + H]*.
'"H NMR (500 MHz, CD;0D, 23 °C): § = 2.08 (s, 6 H, COCHs),
6.62 (s, 3 H, H¥*"*" pz), 7.76 (s, 3 H, H**"" pz), 8.25 [br. s, 3 H,
H5'" pz], 914 [s, 1 H, (pz);C-H] ppm. '"H NMR (500 MHz,
CD;0D, -73 °C): 6 = 2.05 (s, 6 H, COCH,), 6.59 (s, 1 H, H® pz),
6.73 (s, 1 H, H¥* pz), 7.76 (s, 1 H, H® pz), 7.81 (s, 2 H, H*"*' pz),
7.87 (s, 1 H, H'" pz), 8.52 (s, 2 H, H''Y" pz), 9.31 [s, 1 H, (pz);:C-
H] ppm. 3C NMR (50 MHz, CD;OD, 27°C): 6 = 43.8 (s,
COCH,), 81.6 [s, (pz);C-H], 108.8 (s, C¥*"#" pz), 135.0 [br. s,
C3'5" pz], 145.2 [br. s, C**3" pz] 232.8 (s, COCH;) ppm. '*C
NMR (50 MHz, CD;0D, -73 °C): 6 = 44.0 (s, COCHs;), 81.2 [s,
(pz);C-H], 108.0 (s, C° pz), 109.3 (s, C** pz), 131.8 (s, C'° pz),
137.2 (s, C pz), 143.1 (s, C® pz), 146.2 (s, C** pz), 232.8 (s,
COCH3;) ppm. Pt NMR (107 MHz, CD;0D, 27 °C): 6 = -3138.6
(s) ppm. IR: v = 1623 [v(CO)], 1573 [v(CO)] cm .
[Pt(COMe),{(3,5-Me,pz);CH}| (4b): At -78°C, a solution of
tris(3,5-dimethylpyrazolyl)methane (245 mg, 0.82 mmol) in dichlo-
romethane (5mL) was added dropwise to a suspension of 1
(254 mg, 0.40 mmol) in dichloromethane (8 mL). After stirring for
30 min at this temperature, the clear and colorless solution was
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warmed to about -20°C and an aqueous solution of NaOH
(800 mg in 30 mL) was added. The reaction mixture was stirred
vigorously for a further 10 min at this temperature. The phases were
separated quickly, and the aqueous phase was extracted with
dichloromethane (2 X 10 mL). The combined organic extracts were
dried with Na,SO,. The solvent was reduced to approximately
3 mL, and diethyl ether (20 mL) was added. The precipitation ob-
tained was filtered off, washed with diethyl ether (2 X2 mL), and
dried under vacuum over P40,y Yield 308 mg (66%). HRMS
(ESI): m/z caled. for [CyoH90,NGPt]* 580.19942; found 580.19954
[M + HJ*. '"H NMR (500 MHz, CD;0D, 54 °C): § = 1.85 [br. s, 3
H, C'"-CH;], 1.90 (s, 6 H, COCHj), 2.15 (s, 9 H, C¥*"3"_CHj),
2.55 [br. s, 6 H, C**'-CHj], 6.17 (s, 3 H, H¥*"*" pz), 8.34 [s,
(Me,pz);C—H] ppm. 'H NMR (500 MHz, CD;OD, 22 °C): 6 = 1.84
(s, 3 H, C'°-CHj>), 1.90 (s, 6 H, COCH>), 2.13 (s, 6 H, C¥3~CH5),
2.19 (s, 3 H, C®-CH,), 2.56 (s, 6 H, C**'-CHs3), 6.19 (s, 1 H, H°
pz), 6.20 (s, 2 H, H¥* pz), 8.47 [s, (Me,pz);C-H] ppm. 'H NMR
(500 MHz, CD;0D, 73 °C): 6 = 1.81 (s, 3 H, C!°-CH3), 1.90 (s, 6
H, COCHs3), 2.11 (s, 6 H, C¥*'-CHs;), 2.42 (s, 3 H, C3-CHs5), 2.60
(s, 6 H, C**'-CH3), 6.29 (s, 2 H, H** pz), 6.32 (s, 1 H, H° pz),
8.84 [s, (Me,pz);C—H] ppm. 3C NMR (125 MHz, CD;0D, 53 °C):
6 = 11.4 [(s), C°*¥"~CHj; pz], 13.6 [br. s, C’>~CHj; pz], 14.5 [br. s,
C3¥_CHj; pz], 43.2 (s, COCH3), 76.3 [s, (Me,pz);CH], 109.4 [br. s,
CY* pz], 110.8 [br. s, C° pz], 143.4 [br. s, C'° pz], 145.6 (s, C*"' pz),

150.5 [br. s, C8 pz], 155.9 [br. s, C* pz], 232.8 (s, COCH;) ppm.

13C NMR (125 MHz, CD;OD, 27 °C): 6 = 11.3 [br. s, C'*-CH; pz],
11.4 [br. s, C¥*—CHj; pz], 13.6 [br. s, C®~CHj; pz], 14.5 [br. s, C3’3'
CH; pz], 43.3 (s, COCH3), 76.3 [s, (Me,pz);CH], 109.4 [br. s,
pz], 110.9 [br. s, C° pz], 143.3 [br. s, C'° pz], 145.7 [br. s,
150.5 [br. s, C® pz], 155.9 [br. s, C** pz], 233.6 (s, C! 3
13C NMR (125 MHz, CD;0D, -73 °C): § = 11.4 (&@'ﬂ
11.5 (s, C¥*~CHj; pz), 13.6 (s, C3~CH; pz), 14.5}(}@
43.8 (s, COCHs), 76.3 [s, (Mepz)sCH], 108.0 p2)

s, c\glss 7

C pz), 143.1 (s, C' pz), 146.1 (s, C°°' py), 3
(86 1\%%z CD;%
PSS

(s, C¥*¥ pz), 235.7 (s, COCH3) ppm. 1°°Pt
(lfH{(s 5.

27°C): 0 = -3486.3 (s) ppm. IR: v =

cm L @
&

[Pt(COMe),H{(pz);CH}|OTf [Pt(

Me,pz);CH}|OTf (5b): At 78 °C tr met fonic acid
(33 mg, 0.22 mmol) was added spen f 4a (99 mg,
0.20 mmol) and 4b (120 mg, 0.20 mol) %e vely, in THF

(20 mL). The reaction mixtu S war 0 room temperature

and stirred for about 20 m@?l a Qcolorless solution was

obtained. The volume o solfen s reduced to 3 mL, and

diethyl ether (10 mL) dded. hite precipitate formed after

2h at -6 °C was @/e by filtration, washed with diethyl ether
under vacuum.

(2x5mL), a
[Pt(COMe)Q(ﬁz)gcrl}]OTf (52): Yield 112 mg (87%). HRMS
(ESI): m/z caled. for [Ci4H;sO,NgPtNa]® 518.08747; found
518.08763 [M — H + Na]*. 'H NMR (500 MHz, CD,Cl,): 6 =
1830 (s + d, py = 1659.2 Hz, 1 H, PUH), 2.73 (s + d, Jpens
= 28.5Hz, 6 H, COCH), 6.55 (m, 2 H, HY¥ pz), 6.62 (m, 1 H,
H° pz), 7.87 (m, 2 H, H** pz), 8.26 (s, 1 H, H® pz), 8.60 (m, 3 H,
H + H'° pz), 1017 [s, 1 H, (pz);C-H] ppm. 3C NMR
(125 MHz, CD,CL,): § = 44.2 (s + d, 2Jp.c = 263.9 Hz, COCH3),
77.1 [s, (pz);C-H], 108.8 (s, C° pz), 109.2 (s, C** pz), 121.1 (q,
CFs), 134.5 (s, C'9 pz), 135.0 (s, C% pz), 143.9 (s, C° pz), 145.0 (s
+d, 2Jp.c = 18.5 Hz, C** pz), 186.7 (s, COCH3) ppm. Pt NMR
(86 MHz, [Dglacetone): § = ~1705.2 (s + d, 'Jpu = 1564.0 Hz)
ppm. IR: v = 2240 [v(PtH)], 1724 [v(CO)], 1678 [v(CO)] cm .

[Pt(COMe),H{(3,5-Me,pz);CH}|JOTf (5b): Yield 127 mg (87%).
HRMS (ESI): m/z caled. for [C50H»30,NgPtNa]* 602.18137; found

Eur. J. Inorg. Chem. 0000, 0-0

ﬂng to,
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602.18172 [M — H + Na]*. 'H NMR (500 MHz, CD,CL,): 6 =
-18.73 (s + d, p.y = 1636.7 Hz, 1 H, Pt-H), 2.06 (s, 3 H, C3-
CH; pz), 2.19 (s, 6 H, C¥*'-CH; pz), 2.58 (s + d, *Jp,u = 17.7 Hz,
6 H, COCHs;), 2.68 (s, 6 H, C*-CHj; pz), 2.75 (s, 3 H, C!°-CH;
pz), 6.18 (s, 2 H, H** pz), 6.30 (s, 1 H, H° pz), 8.08 [s, 1 H,
(Me,pz);C-H] ppm. '*C NMR (100 MHz, [Dglacetone): 5 = 11.6
(s, C3*'—CHj; pz), 11.7 (s, C'°-CHj; pz), 14.9 (s, C®*~CHj; pz), 15.0
(s, C¥¥_CH, pz), 41.3 (s + d, 2p ¢ = 222.0 Hz, COCH,), 70.3 [s,
(Me>pz)sCH], 109.2 (s, C¥' pz), 109.8 (s, C° pz), 122.5 (q, CF),
143.4 (s, C'° pz), 144.0 (s, C°"' pz), 154.0 (s, C® pz), 154.6 (s, C*/*
pz), 190.5 (s, COCH3) ppm. °F NMR (376 MHz, [D¢Jacetone): &
= -78.2 (s) ppm. Pt NMR (86 MHz, [Dg]ace »0 = —1805.0
(s +d, Upg = 1527.1 Hz) ppm. IR: v = v(PtH)], 1699
[V(CO)], 1680 [V(CO)] cm .

[Pt(COMe),D{(pz);CH}|OTf (5¢) a‘r:l/ [Pt(COMe),D{(3,5-
Me,pz);CH}OTT (5d) by H/D Exc e; At room temperature, a
solution of 5a (30 mg, 0.045 mm 5b (30 mg, 0.040 mmol) in
CD;OD (1 mL) w. mm Then the solvent was re-

tirred
moved under v dnd esidueswas dissolved in dichloro-
methane. C 5c R (6 z, CH,Cl,): 6 = -18.07

(s) ppm. C ex 5 M @ Hz, CH,Cl,): 6 = —18.53
) ppmCN &

[Pt. e), )3CH}]@ (6a) and [Pt(COMe),Me{(3,5-

);CH (6b): AtS-20 °C, methyl trifluoromethanesulfon-

Jate’ (3 8 mm as added to a suspension of 4a (85 mg,

17 hmd))” or ijg, 0.17 mmol) in THF (15mL). After
perature, a clear, pale yellow solution was

15 min. The reaction mixture was concentrated un-
ressure to approximately 3 mL. Then, diethyl ether

(10 was added. The resulting pale yellow solid was removed
ion, washed with diethyl ether (3 X 5 mL), and dried under
um

omplex 6a: Yield 77 mg (69%). HRMS (ESI): m/z calcd. for
[C1sH00,NgPH* 510.12117; found 510.12194 [M]*. '"H NMR
(400 MHz, CDCL): 0 = 1.61 (s + d, *Jpyy = 76.3 Hz, 3 H, Pt
CHs), 248 (s + d, 3Jpy = 154 Hz, 6 H, COCHy), 6.54 (m, 2 H,
HY pz), 6.59 (m, 1 H, H° pz), 7.83 (m, 2 H, B pz), 8.11 (s, 1
H, H?® pz), 8.65 (m, 3 H, H*' pz), 8.68 (m, 1 H, H' pz), 10.30 [s,
1 H, (pz)sC-H] ppm. 3C NMR (125 MHz, CDCly): 6 = ~3.6 (s +
d, Up.c = 748.9 Hz, Pt-CHy), 358 (s + d, Jp.c = 200.7 Hz,
COCHS,), 76.6 [s, (pz);C-H], 108.8 (s, C*4' pz), 108.9 (s, C° pz),
120.5 (q, CFs), 1348 (s, C'° pz), 134.9 (5, C'5' pz), 142.3 (s + d,
2Jpic = 10.4 Hz, C3 pz), 1434 (s + d, 2Jp.c = 12.3 Hz, C8 pz),
1895 (s + d, Jpc = 939.0Hz, COCH;) ppm. “F NMR
(376 MHz, CDCl3): 6 = -78.3 (s) ppm. Pt NMR (107 MHz,
CDCLy): 6 = —1495.5 (s) ppm. IR: v = 1719 [W(CO)], 1669 [V(CO)]
cm L.

Complex 6b: Yield 78 mg (62%). HRMS (ESI): m/z calcd. for
[CoyHy O5NGPH* 594.21507; found 594.21538 [M]*. 'H NMR
(400 MHz, CDCL): 0 = 1.61 (s + d, 2Jpy = 77.7Hz, 6 H, Pt
CHS), 1.95 (s, 3 H, C>-CHs pz), 2.17 (s, 6 H, C¥*_CHs pz), 2.31
(s + d, Vpiy = 8.9 Hz, 6 H, COCHy), 2.75 (s, 6 H, C¥5_CH; pz),
279 (s, 3 H, C1-CH, pz), 6.14 (s, 2 H, H¥ pz), 6.22 (s, 1 H, H°
pz), 8.20 [s, 1 H, (Mesypz);C-H] ppm. 3C NMR (100 MHz,
CDCLy): 0= 3.0 (s + d, "Jp,c = 747.5 Hz, Pt_CHs), 11.6 (s, C¥5"—
CH; pz), 11.8 (s, C'°~CHj; pz), 13.7 (s, C**~CHj; pz), 15.1 (s + d,
e = 109 Hz, C5-CH; pz), 34.1 (s + d, 2Jpe = 181.5 Hz,
COCHj3), 70.1 [s, (Me,pz);CH], 109.6 (s, C° pz), 109.8 (s, C*#' pz),
120.8 (q, CF5), 143.6 (s, C** pz), 143.7 (s, C'°, pz), 152.3 (s + d,
3Ipic = 13.8 Hz, C® pz), 153.9 (s + d, 3Jpc = 10.7 Hz, C?* pz),
1933 (s + d, YUpc = 944.4Hz, COCH;) ppm. ""F NMR
(376 MHz, CDCly): 6 = —78.3 (s) ppm. Pt NMR (107 MHz,
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CDCLy): 6 = —1584.4 (s) ppm. IR: v = 1696 [v(CO)], 1674 [v(CO)]
cm !

[Pt(COMe),Me{(pz);CH}|I (7a) and [Pt(COMe),Me{(3,5-
Me,pz);CH}]I (7b): At room temperature, methyl iodide (68 mg,
48 mmol) was added to a suspension of 4a (100 mg, 0.20 mmol) or
to a solution of 4b (100 mg, 0.17 mmol) in dichloromethane
(15 mL), and the mixture was stirred for 30 min until a clear, pale
yellow solution was obtained. The solution was concentrated under
reduced pressure almost to dryness. The residue was dissolved in
dichloromethane (2 mL), and diethyl ether (10 mL) was added. The
white precipitate formed was removed by filtration, washed with
diethyl ether (3 X5 mL), and dried under vacuum.

Complex 7a: Yield 103 mg (81%). HRMS (ESI): m/z caled. for
[C1sH100,NgPH* 510.12117; found 510.12190 [M]*. 'H NMR
(500 MHz, CDCL): 6 = 1.61 (s + d, 2Jpy = 763 Hz, 3 H, Pt
CH), 247 (s + d, YJppy = 14.7 Hz, 6 H, COCHs), 6.54 (m, 2 H,
H¥Y¥ pz), 6.59 (m, 1 H, H° pz), 7.92 (m, 2 H, H** pz), 8.07 (s, 1
H, H® pz), 9.10 (m, 3 H, B°>" + H'® pz), 12.22 [s, 1 H, (pz);C-H]
ppm. 3C NMR (125 MHz, CDCly): 6 = -3.5 (s + d, Upc =
752.4 Hz, Pt_CHs), 35.8 (s + d, 2Jp.c = 200.7 Hz, COCHs), 74.2
[s, (pz);C-H], 108.4 (s, C¥* pz), 108.5 (s, C° pz), 134.1 (s, C'° pz),
134.2 (s, C% pz), 141.9 (s + d, 2Jpc = 10.0 Hz, € pz), 142.9 (s
+ d, 2Jpc = 12.1 Hz, C® pz), 189.2 (s + d, "Jp.c = 940.0 Hz,
COCH;) ppm. 9Pt NMR (107 MHz, CDCLy): 6 = —1491.2 (s)
ppm.

Complex 7b: Yield 110 mg (90%). HRMS (ESI): m/z calcd. f
[C51H3,05NgPt]" 594.21507; found 594.21516 [M]*. 'H
(500 MHz, CDCl;): 6 = 1.60 (s + d, 2Jpyy = 77.7Hz, 6 t—

CH>), 1.95 (s, 3 H, C3-CHj; pz), 2.16 (s, 6 H, C¥3' 2 31
(s +d,3Jpu = 7.7Hz, 6 H, COCH3), 2.89 (s, 6 H,

2.93 (s, 3 H, C'°-CHj; pz), 6.18 (s, 2 H, H‘”4 pz)

pz), 8.18 [s, 1 H, (Me,pz);C-H] ppm. R (1
CDCly): 9 = -3.0 (s + d, 'Jp,c = 748.1 Hz 3\ 3/3
CH; pz), 13.8 (s, C¥*'~CHj; pz), 13.9 (s, E§

CH; pz), 342 (s + d, 2Jpc = 1

(Me,pz);CH], 109.7 (s, C° pz), 11 pz)
143.5 (s, C'°, pz), 152.3 (s, Cgp 9(s pz)13 s+d,
Upc = 944.7 Hz, COCH3;) ppm. 3Pt (10, , CDCly):
0 =-1583.2 (s) ppm. IR: v = 1705 [v & 167 ] cm !
Diacetyl(alkynyl)platinum(IV) exes At -78°C,
[[Ph(C=CR)]X (SiMes/OTH, OTos iPr/OTos;

0.12 mmol) in dichloromet (3 dded to a colorless
solution of [Pt(COMe),{ ] (70 mg, 0.12 mmol) in
dichloromethane (5 m e reac mixture turned red, and af-

ter stirring for 10 this temperature, was warmed to room
temperature, the resulting in a colorless solution. After stirring
for an addit@ min, the solvent was reduced to approximately
1 mL, and dieth§1 ether (6 mL) was added. The colorless precipitate

obtained was removed by filtration, washed with diethyl ether
(2X2mL), and dried under vacuum.

[Pt(COMe),(C=CSiMe3){(3,5-Me,pz);CH}|OTf (8a): Yield 73 mg
(73%). HRMS (ESI): m/z calcd. for [C55sH3,0,N¢SiPt]* 676.23895;
found 676.23752 [M]*. '"H NMR (400 MHz, CDCl;): § = 0.12 [s, 9
H, Si(CH3)3], 1.93 (s, 3 H, C8~CH; pz), 2.38 (s, 6 H, C¥*~CHj pz),
2.72 (s, 6 H, C**"-CH; pz), 2.75 (s + d, 3Jpu = 13.6 Hz, 6 H,
COCH,), 2.80 (s, 3 H, C'°-CHj; pz), 6.12 (s, 2 H, H** pz), 6.22 (s
+d, #Jpe = 104 Hz, 1 H, H° pz), 8.18 [s, 1 H, (Me,pz);C-H]
ppm. C NMR (100 MHz, CDCls): 6 = 0.34 [s, Si(CH3)3], 11.3 (s,
C>5'-CH; pz), 11.8 (s, C!°~CHj; pz), 14.0 (s + d, *Jp.c = 8.2 Hz,
C33_CHj; pz), 14.9 (s, *Jpic = 13.2 Hz, C3-CH; pz), 35.9 (s + d,
2Jp.c = 187.1 Hz, COCH;), 69.8 [s, (Me,pz);CH], 80.6 (s, Pt—
C=C-SiMe;), 103.6 (s, Pt-C=C-SiMes), 109.5 (s, C** pz), 109.6
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(s, C° pz), 120.6 (q, CF), 143.3 (s, C% pz), 144.0 (s, C'°, pz), 152.8
(s, C® pz), 154.6 (s, C** pz), 185.0 (s + d, 'Jp.c = 787.9 Hz,
COCH;) ppm. '°F NMR (376 MHz, CDCLy): 6 = —78.3 (s) ppm.
195pt NMR (107 MHz, CDCls): 6 = ~1366.5 (s) ppm. IR: v = 2092
[V(C=C)], 1725 [V(CO)], 1698 [V(CO)] cm .

For Comparison, [IPh(C=CSiMe3)]OTf: ('"H NMR spectroscopic
data are reported in the literature!®!). 13C NMR (100 MHz,
CDCls): 0 = -0.9 [s, Si(CH3)3], 44.0 (s, C=CSiMey), 116.8 (C, i-C
Ph), 119.7 (s, C=CSiMes), 119.8 (q, CFs), 132.5, 132.6, 133.9 (s,
C-H Ph) ppm.

[P(COMe),(C=CPh){(3,5-Me,pz);CH}|OTf
(61%). HRMS (ESI): m/z calcd. for [CygH3s
found 680.23012 [M]*. '"H NMR (400 MH.
9 H, Si(CHs3);], 2.01 (s, 3 H, C8~CHj; pz}, 2.47 (s, 6 H, C**—CH,;
pz), 2.69 (s, 6 H, C*°'-CHj; pz), 2.7 s, 3 M, C'°-CH; pz), 2.81 (s
+d, 3Jp.y = 14.0 Hz, 6 H, COC .20 (s, 2 H, H¥* pz), 6.32
(s+d JPtH—108Hz 1H z)72@739(m SH CoHs), 8.11
[s, 1 H, (Meapz)s MR (100 MHz, CD,Cl,): 6 =
11.6 (s, C¥5'— ) ﬂ 144 (s + d, “Jpc =
7.9 Hz, C3’3& Y P2), JP 3 2 Hz, C%~CH; pz), 36.4
%2 3 (s, Pt-C=C-SiMejy), 70.2

, PtC=CSiMes), 110.0 (s, C¥* pz), 110.2
(s, i-C Ph), 127.8 (s, p-C Ph), 128.6

\ mc = 12.5Hz, 0-C Ph), 143.3 (s, C*%
0 p2)f d33.8 (s, C® pz), 155.3 (s, C** pz), 185.1 (s
=7 Hz, COCH;) ppm. YF NMR (376 MHz,
@ @) ppm. '95Pt NMR (107 MHz, CD,Cl,): 6 =

. IR: v = 2164 [v(C=C)], 1721 [v(CO)], 1698

Yield 63 mg
1+ 680.23072;
Cl,): 0 = 0.12 [s,

For ?mparlson, [IPh(C=CPh)|OTf: '*C NMR (100 MHz,

= 39.3 (s, C=CPh), 105.3 (s, C=CPh), 119.1, 120.2 (C,

) 119.9 (q, CF5), 128.5, 130.9, 131.7, 131.9, 133.0, 133.9 (s,
H Ph) ppm.

[Pt(COMe),(C=CrBu){(3,5-Me,pz);CH}|OTos (8c): Yield 80 mg
(80%). HRMS (ESI): m/z caled. for [C,sH3,0,NGPt]" 660.26202;
found 660.26148 [M]*. 'TH NMR (500 MHz, CDCl;): 6§ = 1.20 [s, 9
H, C(CH5);], 1.90 (s, 3 H, C}3-CHj; pz), 2.30 (s, 3 H, CH; OTos),
2.36 (s, 6 H, C¥*'-CH; pz), 2.72 (s + d, 3Jp,u = 13.3Hz, 6 H,
COCH3;), 2.79 (s, 6 H, C*'-CHj pz), 2.87 (s, 3 H, C!°-CHj; pz),
6.05 (s, 2 H, H¥* pz), 6.14 (s, 1 H, H° pz), 7.09 (d, 2 H, C-H
OTos), 7.75 (d, 2 H, C-H OTos), 8.29 [s, 1 H, (Me,pz);C-H] ppm.
13C NMR (125 MHz, CDCls): § = 11.8 (s, C**'~CHj; pz), 12.2 (s,
CI°_CH; pz), 14.1 (s, C**~CHj; pz), 15.1 (s, C3~CHj; pz), 21.2 (s,
CH; OTos), 293 (s + d, 3Jp.c = 23.6Hz, CMej), 31.5 [s,
C(CH;)3], 36.0 (s + d, 2Jp.c = 186.1 Hz, COCH3;), 46.5 (s + d,
Upic = 1556.7 Hz, Pt-C=C-CMe;), 70.2 [s, (Me,pz);CH], 104.4
(s +d, 2Jp c = 324.8 Hz, Pt-C=C-CMe3), 109.4 (s, C** pz), 109.5
(s, C° pz), 126.0 (s, C-H OTos), 128.4 (s, C-H OTos), 138.7 (s, C-
SO; OTos), 144.0 (s, C¥°' pz), 144.3 (s, C-CH; OTos), 144.7 (s, C'°,
pz), 152.7 (s, C® pz), 154.5 (s, C*"* pz), 185.6 (s + d, Jpc =
795.1 Hz, COCH3) ppm. Pt NMR (107 MHz, CDCl;): ¢ =
—1380. 9 (s) ppm. IR: v = 1727 [v(CO)], 1711 [v(CO)] cm™ .

For Comparison, [IPh(C=CtBu)]OTos: '3C NMR (100 MHz,
CDCly): § = 21.3 (s, CH; OTos), 27.6 (s, C=CrBu), 29.6 (s, CMe3),
30.1 [s, C(CH3)3], 116.8 (C, C=CrBu), 119.7 (s, i-C Ph), 126.0,
128.7 (s, C-H OTos), 131.6, 131.8, 133.4 (s, C-H Ph), 140.2, 141.5
(s, i-C OTos) ppm.

[Pt(COMe),(C=CiPr){(3,5-Me,pz);CH}|OTos (8d): Yield 73 mg
(73%). HRMS (ESI): m/z calcd. for [C,5sH350,N¢Pt]* 646.24637;
found 646.24700 [M]*. '"H NMR (400 MHz, CDCl5): § = 1.15 [d,
7 H, CH(CHs;),], 1.91 (s, 3 H, C3~CHj; pz), 2.30 (s, 3 H, CH; OTos),

© 0000 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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237 (s, 6 H, C¥3'"-CH, pz), 2.71 (s + d, *Jpen = 13.6 Hz, 6 H,
COCHj;), 2.70-2.80 [m, 1 H, CH(Me),], 2.80 (s, 6 H, C*—CHj;
pz), 2.90 (s, 3 H, C'°-CHj; pz), 6.05 (s, 2 H, H** pz), 6.15 (s, 1 H,
H° pz), 7.10 (d, 2 H, C-H OTos), 7.75 (d, 2 H, C-H OTos), 8.32
[s, 1 H, (Me,pz);C-H] ppm. 3C NMR (100 MHz, CDCl,): 6 =
11.9 (s, C55'_CH, pz), 12.5 (s, C'°-CH, pz), 14.1 (s, *Jp,c = 8.0 Hz,
C¥'_CH, pz), 15.1 (s, Jpic = 13.0 Hz, C5-CH; pz), 21.3 (s, CH,
OTos), 29.3 [s + d, *Jpcc = 24.1 Hz, CH(CH,),), 23.7 [s, *Jpcc =
12.1 Hz, CH(CHj),), 36.0 (s + d, 2Jp,c = 184.9 Hz, COCH3), 47.1
[s + d, p.c = 1558.8 Hz, Pt-C=C_CH(CHs),], 70.3 [s, (Me,pz)
3CH], 104.4 [s + d, 2Jp,c = 324.8 Hz, Pt-C=C-CH(CH3;),], 109.4
(s, C** pz), 109.6 (s, C° pz), 126.1 (s, C-H OTos), 128.3 (s, C-H
OTos), 138.6 (s, C-SO5 OTos), 144.1 (s, C55' pz), 144.5 (s, C-CH
OTos), 144.9 (s, C'°, pz), 152.7 (s, 2Jp.c = 26.1 Hz, C® pz), 154.5
s 3Jpc = 8.0Hz, ' pz), 1856 (s + d, Upe = 795.1 Hz,
COCH) ppm. Pt NMR (107 MHz, CDCly): 6 = ~1371.1 (s)
ppm. IR: v = 1727 [v(CO)], 1711 [v(CO)] em'. IR: v = 2050
[M(C=C)], 1727 [(CO)], 1711 [W(CO)] cm .

For Comparison, [IPh(C=CiPr)|OTos: '}C NMR (100 MHz,
CDCly): 6 = 21.3 (s, CHsy OTos), 22.0 [s, CH(CH,),], 22.4 [s,
CH(CH3;),], 28.0 (s, C=CiPr), 113.8 (C, C=CiPr), 118.4 (s, i-C Ph),
126.0, 128.7 (s, C-H OTos), 131.7, 131.8, 133.5 (s, C-H Ph), 140.1,
141.6 (s, i-C OTos) ppm.

X-ray Crystallography: Data for X-ray diffraction analyses of single
crystals were collected with a Stoe-IPDS 2T diffractometer at
200 K using Mo-K, radiation (. = 0.71073 A, graphite monochr,

mator). A summary of the crystallographic data, the data colle
parameters, and the refinement parameters is given in Tabl -
sorption corrections were applied empirically with the P ON
program package [Tomin/ Tmax = 0.04/0.15 (4a), 0. 23/ é
39S
g SH&S-

0.17 (7a-CH,Cl,), 0.45/0.71 (8a-THF), 0.17/0.3

The structures were solved with direct method

9757 and refined using full-matrix least-sq@s cycle@sr P
Q4b MZCIZ,

Table 6. Crystal data and structure Went

with SHELXL-97.3%1 All non-hydrogen atoms were refined with
anisotropic displacement parameters and hydrogen atoms with iso-
tropic ones. Hydrogen atoms were placed in calculated positions
according to the riding model. In the structure of complex 8a,
DFIX, DANG, SIMU, and DELU instructions have been used for
the refinement of the THF molecule as packing solvent.

Computational Details: DFT calculations were performed by the
Gaussian 09 program package®®! using the functional B3LYP.[40]
The 6-311++G(d,p) basis sets as implemented in Gaussian 09 were
employed for main group atoms, whereas the relativistic pseudopo-
tential of the Ahlrichs group and related basis functions of TZVPP
quality were employed for the Pt atom.*!1 T Opriateness of
the functional in combination with the basi nd effective core
potential used for reliable interpretation ‘rtbtural and energetic
aspects of related platinum complexes hageen demonstrated.[*?]
All systems were fully optimized wi tqny symmetry restrictions.
The resulting geometries were c rlzed as equilibrium struc-
tures and transitio ates vely, by the analysis of the force
fects were considered ac-

model.3] The method

s po con

was used a 9 B9 which is much more

sophlstl evio aussmn versions, especially be-

caus ent @are c% ered in each optimization step.
ted nt: Ci?ﬁ es containing X-ray crystallographic

, Ta- C 2, 8a°THEF, and 8d-CHCl;.

CCD 3033 -913034 (4b), -913035 (7a-CH,Cl,), -913036

F) 9, d-CHCIl;) contain the supplementary crystal-

og aph afor this paper. These data can be obtained free of
arge The Cambridge Crystallographic Data Centre via
wwv@dc.cam.ac.uk/data_request/cif.

orting Information (see footnote on the first page of this arti-
: Structures of the complexes bearing the tris(3,5-dimethylpyr-

8a-THF, and 8d-CHCL,.

490.’" q\-’ 7a-CH,Cl, 8a-THF 8d-CHCl,
Empirical formula C,aHoN¢ i{\ SN O,Pt CieHoiCLLNGO,Pt  CyoHasFsNeOGS SiiPt;  CysHsClNGOSS, P,
M, 495.4 % %ﬁ 722.3 898.0 937.2
Crystal system mon @clinic triclinic monoclinic triclinic
Space group P2 /?S K 1 Pl P2,/c P1
a[A] 3882(5) A 8.7125(6) 8.9243(5) 12.6276(9) 10.6080(5)
b A (§§§18(7 Q 10.2503(8) 10.5230(6) 14.403(1) 11.7491(5)
c[A] @ 6.3@ 12.3813(9) 12.0383(7) 20.857(1) 15.2227(7)
al Q - 94.630(6) 79.963(4) - 86.367(4)
L1° O 112.442(5) 97.557(6) 82.496(5) 97.526(6) 89.996(4)
7 [°] K - 99.195(6) 85.120(5) - 80.532(4)
V(A3 0 1634.1(2) 1076.2(1) 1101.4(1) 3760.8(5) 1867.6(2)
Z 4 2 2 4 2
Deyiea [gem ™) 2.014 1.789 2.178 1.586 1.667
#(Mo-K,) [mm'] 8.605 6.547 8.038 3.880 4.075
F(000) 944 568 630 1800 936
0 range [°] 4.03-28.00 2.71-28.00 3.93-27.00 2.72-26.00 3.85-28.00
Reflections collected 13540 10412 11249 38538 21168
Reflections observed 3021 4345 4178 6789 7822
[I>2a(1)]
Independent reflections 3939 [Riy = 0.0400] 5162 [Rin = 0.0459] 4754 [Riy = 0.0417] 7397 [Ry = 0.0282] 8993 [Ry, = 0.0411]
Data/restraints/parameters 3939/0/210 5162/0/270 4178/0/256 7397/45/445 8993/0/453
GoF on F? 0.929 0.979 1.030 1.034 0.941
Final R indices [I>20(1)] R, =0.0207, wR, = R; =0.0279, wR, = R, = 0.0320, wR, = =0.0300, wR, = =0.0228, wR, =
0.0453 0.0683 0.0784 0.0772 0.0506

R indices (all data)

Largest difference peak/hole
[eA]

R; =0.0309, wR, =
0.0466
0.957/-1.920

R; = 0.0353, wR, =
0.0711
1.669/-1.898

R, =0.0377, wR, =
0.0796
1.420/-2.027

R, =0.0334, wR, =
0.0793
1.032/-1.133

Rl = 00282, WR2 =
0.0512
1.076/-1.780
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azolyl)methane ligand as well as energies and Cartesian coordinates
of all calculated molecules is given.
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ABSTRACT: Reactions of the bis(benzylamine)platinum(II)
complex [Pt(COMe),(NH,Bn),] (2;

Tol)COR (m-Tol =
diacetylplatinum(II) complexes [Pt(COMe),{(2-py);COR}]

(R = H (3a), Me (3b), Et (3c), Bn (3d)), [Pt(COMe),{(2-
py),PhCOR}] (R = H (4a), Me (4b)), and [Pt(COMe),{(2-
H (5a) Me (Sb)), respectively,
having, due to a k* coordination of the ligands, a 2-pyridyl (3), a
phenyl (4), or a m-tolyl (S) ring as the pendant group. The
identities of all complexes were unambiguously proved by highq

py)o(m-Tol)COR}] (R =

resolution mass spectrometric investigations and by NM

13C, 1%Pt) and IR spectroscopy as well as by single-crysta y

diffraction analyses (3a—d). In methanol solution,
parameters of these dynamics have been dete,
Furthermore, extensive DFT calculations will
hindered and respectively unhindered rotati

Bn = benzyl) with (2-
py);COR (2-py = 2-pyridyl), (2-py),PhCOR, and (2-py),(m-
3-methylphenyl) afforded the neutral

N

o —— e

global minimum

.\O

and Sb show a dynamic behavior. The thermodynamic

able-temperature 'H NMR measurements (Eyring plots).
esentfed, ywhich indicate that the dynamics are caused by the interplay of
the subsfituent R and/or the pendant group.

\U >
1. INTRODUCTION \O

The dinuclear platina-f-diketon, @(2{( &@ZH}Z u-Cl),]
(1), being accessible by c on achloridoplatinic

the

acid with n-butyl alcohol s(t etlylsilyl)acetylene, can
be considered as a complex, where the
hydroxycarbene hgaﬁ&e s d by intramolecular O—
H---O hydrogen b ring acetyl ligands (Scheme
1,a).! Due to i tron; turatlon (16 valence electrons)
and kinetu;a@mle l\@'sphere, the platina-$-diketone 1
exhibits aQ\ ue ty and thus is a suitable precursor
comple r %ﬁ esis of a great variety of acetyl
1) latinum(IV) complexes with bidentate

and N*O Iigands.2 Thus, the reaction of
comple)@l the bidentate N-donor 2,2'-bipyridine leads to
the formation of the thermally extraordinarily stable diacetyl-
(hydrido)platinum(IV) complex I (Scheme 1, b), which affords
with NaOH a reductive elimination of HCl to form the
respective diacetylplatinum(1I) complex II (Scheme I, c).?
Reactions of 1 with tris(pyrazolyl)borates (so-called scorpio-
nates)* and tris(pyrazolyl)methanes, which represent examples
of tridentate N-donor ligands, followed by the addition of a
base led in an analogous manner to the formation of the
diacetylplatinum(II) complexes III and IV bearing the tripodal
ligand only K*N,N’ coordinated with a pendant pyrazolyl ring

~P"Pp

v ACS Publications  © Xxxx American Chemical Society

(Scheme 1, d and e).>® Due to its substitution-labile
benzylamine ligands, the bis(benzylamine)platinum(II) com-
plex 2, accessible by the reaction of II in neat benzylamine
(Scheme 1, f), was found to be another useful precursor
complex for the synthesis of diacetylplatinum(II) complexes.”
In this reaction pathway diacetylplatinum(II) complexes III
bearing scorpionate ligands could also be synthesized but,
unexpectedly, not the type IV complexes (Scheme 1, g and
h).S’é

Both types of ligands, the anionic tris(pyrazolyl)borates as
well as the isoelectronic neutral tris(pyrazoyl)methanes, are—
due to the tetrahedral geometry at their central B or C
backbone atom—restricted to a facial ©*N,N’,N” coordination
in octahedral complexes. For the same reason the coordination
mode of these ligands in type III and IV square-planar
complexes is *’N,N’ with a pendant third pyrazolyl ring.*®
Although these ligands are isoelectronically and structurally
very similar, their diacetylplatinum(II) and -platinum(IV)
complexes may exhibit great differences in reactivity and

. . 56
chemical behavior.®

Received: February 1, 2013
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Scheme 1. Synthesis of Diacetylplatinum(II) Complexes Bearing k>-Bonded Scorpionate (III) and Tris(pyrazolyl)methane

Ligands (IV)

1) K[pzzBH] or
K[(3,5-Meypz)3BH]
2) KOMe

KlpzzBH] or
K[(3,5-Me,pz)3BH]

« /‘Pt
@ & COMe @
R \\B R
o
v
H bo
L R _|
i '\
Ha[PtClg] 6H,0 R=H, Me
1) n-BuOH .
2) Me3SiC = CSiMe; @ (b(llﬂ
Ol Ob o
O____\ ,____0 2,2'-bpy N\P:tiH base N: iCOMe (bnNHz BnH,N COMe
o= S====” COMe
N Lo @ ON @ BnH,N COMe
I 2
*
\6 1) 2,2"-bpy
2) NaOH/H,0
3) BnNH,
1) pzzCH or
(3,5-Megpz)3;CH pz3CH or
2) NEtz/NaOH (3,5—Me2pz)3CH\/
® /\
&Ko -
Scheme 2. Syntheses of the Dlacetylplatu@I) C@xes 3-5
&2 & Q
\ @Q +(2-py)sCOR N _-COMe |32 3b 3 3d
Pt
é ?\ — 2 BnNH, @/ come R| H Me Et Bn
\
S\ FO
BnH c RO
%;pti @
\ 2! \C e
*
&S QO
Q Q + (2-py)2(3-RPh)COR ~. - COMe [4a 4b 52 5b
Pt
Qp Q ~2BnNH, @/ ScoMe R|H Me H Me
< ,O /2: : R R|H H Me Me

Another class of facially coordinating tripodal ligands, which
has received considerable attention in both coordination and
organometallic chemistry in recent years, are the neutral tris(2-
pyridyl)methanol ligands ((2-py);COH) and the respective
tris(2-pyridyl)methyl ether ligands ((2-py);COR).” The main
difference from the aforementioned ligand classes is the change
of the donating group from pyrazole to pyridine, which is
reported to be both a better ¢ donor and 7 acceptor ligand than

pyrazole.”'® Here, we report on the synthesis and character-
ization of diacetylplatinum(II) complexes bearing K*N,N’-
coordinated tris(2-pyridyl)methanol and tris(2-pyridyl)methyl
ether ligands as well as on the molecular dynamics of these
complexes. Furthermore, for comparison, ligands are included
which bear a phenyl or m-tolyl group instead of the pendant
third pyridine ring.
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2. RESULTS AND DISCUSSION

2.1. Synthesis of Diacetylplatinum(ll) Complexes.
Reactions of [Pt(COMe),(NH,Bn),] (2) with (2-py);COR
afforded in facile ligand exchange reactions the
diacetylplatinum(II) complexes [Pt(COMe),{(2-py);COR}]
(R = H (3a), Me (3b), Et (3c), Bn (3d)) bearing ¥* bonded
tris(2-pyridyl)methanol (3a) and tris(2-pyridyl)methyl ether
(3b—d) ligands (Scheme 2). By the same pathway the
structurally similar complexes [Pt(COMe),{(2-py),PhCOR}]
(R = H (4a), Me (4b)) and [Pt(COMe),{(2-py),(m-
Tol)COR}] (R = H (Sa), Me (5b)) were prepared, where
the pendant pyridyl group of type 3 complexes is replaced by a
phenyl (4) and a m-tolyl group (5), respectively (Scheme 2).
Thus, in type 4 and S complexes the pendant group is
symmetrically and unsymmetrically replaced, respectively. All
compounds were isolated in good yields between 68 and 90%
as yellow solids, which were characterized by NMR (*H, *C,
195Pt) and IR spectroscopy as well as by high-resolution mass
spectrometric (HRMS-ESI) investigations and single-crystal X-
ray diffraction analyses (3). All complexes are soluble in
methanol, methylene chloride, and chloroform. At room
temperature under anaerobic conditions, solutions of com-
pounds 3 are stable for several days, while for solutions of
complexes 4 and 5 the start of decomposition can be detected
by NMR spectroscopy within 2 days.

As an alternative route to prepare diacetylplatinum(II)
complexes, in general, reactions of the respective bi- or
tridentate ligands with the platina-f-diketone 1 followed by
the reduction of the formed dlacetyl(hydrldo)platlnum(IV)
complexes induced by proton abstraction by a base ca
envisoned. This is shown in Scheme 1 for the an
diacetylplatinum(II) complexes bearing scorpionate &
tris(pyrazolyl)methane ligands (IV). Here, in th1s , O
complexes bearing etherified ligands (R = Me, n, 3b
4b, 5b) could be synthesized. Reactions vgh the
derivatives (R = H) failed. Due to, in ge @ orer

a more time-consuming workup proce

not further pursued.

2.2, Structures of [Pt(COMe \oy) (R H (3a),
Me (3b), Et (3¢), Bn (3d)) Pt(COMe),{(2-
py);COR}] (R = H (3a), @ ), Et > Bn (3d)) suitable

for X-ray diffraction analy: 1ned from a saturated

methylene chloride n a (3a-CH,Cl,) and from
THF solutions laye ith ane (3b—d). The molecular
s 1—4, respectively. Selected

and
thls ay was

structures are s in \Fig
structural ters &ven in the figure captions. The
platlnum ara inated in a square-planar fashion by
ac 1gan he *N,N’-coordinated (2-py);COR
1g etween neighboring ligands are all close to
i 9(1)°, 3a; 84.4(2)—932(2)°, 3b; 84.2(2)—
42(2) 94.0(2)°, 3d). The C(y py),Pt units
adopt a onformatlon with the backbone carbon atom of
the (2-py);COR ligand (C10) and the platinum atom at the
apexes. The noncoordinated pyridine ring is situated in an axial
position of this boat structure and oriented pseudo-parallel to
the coordination plane (Pt,C1,C3,N2,N4). The angles between
the complex plane and the plane of the noncoordinated
pyridine ring are between 46.2(2) and 50.7(2)°, resulting in
distances of 3.769 A (3a), 3.656 A (3b), 3.681 A (3c), and
3.770 A (3d) between the platinum atom and the center of

gravity of the noncoordinated ring. In crystals of complexes
3b—d, the torsion angles C21—03—C10—C16 (44.3(7)°, 3b;

Figure 1. Structure of [Pt(COMe),{(2- % H} (3a) in crystals of
3a-CH,Cl,. Ellipsoids are shown at the 30% probability level. H atoms
are omitted for clarity, except fo t%03. The broken line indicates
an intermolecular O—H---O b (bbgen bond in crystals of 3a-CH,Cl,.
Selected structural parameters (§istances in A, angles in deg): Pt—C1
= 1975(4), Pt—C3 = 1.99%/(4), Pt—N1 = 2.140(3), Pt—-N2 =
2.139(3), C1-Pt—C3 1(2), C1-Pt—N2 = 92.7(1), C3—Pt—NI1 =
95.9(1), N1-Pt— N() .3(1), C1-Pt—N1 = 175.4(1), C3—Pt—N2
= 178.4(2), O1 ‘Q}, 2652(4).

NSV

Figure 2. Molecular structure of [Pt(COMe),{(2-py);COMe}] (3b).
Ellipsoids are shown at the 30% probability level. Broken lines indicate
intermolecular C—H:---O hydrogen bonds in crystals of 3b. Selected
structural parameters (distances in A, angles in deg): Pt—Cl =
2.016(7), Pt—C3 = 2.014(6), Pt—N1 = 2.140(5), Pt—N2 = 2.147(4),
C1-Pt—C3 = 91.2(3), C1-Pt—N2 = 91.1(2), C3—Pt—N1 = 93.2(2),
N1-Pt—N2 = 84.4(2), C1-Pt—N1 = 175.5(2), C3—Pt—-N2 =
174.0(4), C21-03—-C10—-C16 = 44.3(7), C6--01" = 3.35(1),
H--01' = 2.49, C6—H:--01’ = 151, C14/---02 = 3.277(8), H---02
=251, C14'-H--02 = 139.

47.8(7)°, 3c; 41.2(7)°, 3d) demonstrated that the non-
coordinated pyridine rings and the substituents R at the
oxygen atoms O3 are gauche to each other.

In all structures, the carbonyl oxygen atoms of the two acetyl
ligands were found to lie on the same side of the complex
plane. Thus, the diacetyl moieties represent a “cisoid”
conformation as a result of intermolecular hydrogen bonds:
in crystals of the complex 3a-CH,Cl, the O1---O3’ distance of
2.652(4) A indicates the presence of an intermolecular O—
H--O hydrogen bond'' between the acetyl ligand and the
hydroxyl group at the backbone C atom of the (2-py);COH
ligand (Figure 1), such that the crystals are threaded by one-
dimensional strands. In crystals of 3b,c the oxygen atoms of the
acetyl ligands were found to act as H acceptors in weak
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Figure 3. Molecular structure of [Pt(COMe),{(2-py);COEt}] (3¢c).
Ellipsoids are shown at the 30% probability level. Broken lines indicate
intermolecular C—H:--O hydrogen bonds in crystals of 3c. Selected
structural parameters (distances in A, angles in deg): Pt—Cl =
1.998(6), Pt—C3 = 2.009(6), Pt—N1 = 2.143(4), Pt—N2 = 2.157(4),
C1-Pt—C3 = 89.8(2), C1-Pt—N2 = 92.3(2), C3—Pt—N1 = 93.7(2),
N1-Pt—N2 = 842(2), C1-Pt—N1 = 176.5(2), C3—Pt—-N2 =
174.3(4), C21-03-C10-C16 = 47.8(7), C6---01'" = 3.25(1),
H--Ol' = 237, C6—H-01" = 155, C14/--02 = 3.189(9), H--02
=243, C14'—H---02 = 137.

Figure 4. Molecular structure o COMe -py);COBn}] (3d).
Ellipsoids are shown at the 3 evel. Broken lines indicate
intermolecular C—H-- n b d crystals of 3d. Selected

ro
structural parameters0§' nces ;" angles in deg): Pt—Cl =
2.007(6), Pt—C3 & 6 \7(‘@—& 2.142(4), Pt—N2 = 2156(4),
C1-Pt—C3 = 88,6 =93.2(2), C3—Pt—N1 = 94.0(2),
N1-Pt—N2, 2(2),\%&—N1 = 1769(2), C3—Pt—-N2 =
177.9(2), 16 = 412(7), C7’--02 = 3.272(8),
H -02 C7/ = 147, C14”--0O1 = 3.313(8), H--O1 =

38 0-1\\\70

inte mo% —H---O hydrogen bonds, so that the crystals
are built y strands in a zigzag manner, as shown in Figure S
for complex 3b as an example. The structural parameters of all
these hydrogen bonds (C+0 = 3.189(9)-3.35(1) A, O--H =
2.37-2.51 A, C—H---O = 137— 170 ) are in the range expected
for such attractive interactions.'” In contrast, in crystals of 3d
the C,,—H--O hydrogen bonds built up a three-dimensional
network.

2.3. Spectroscopic Investigations. The 'H, '*C, and
9Pt NMR spectra of the diacetylplatinum(II) complexes 3—5
give proof of their identities. At room temperature, in the 'H
and C NMR spectra of 3b—d and Sb some signals are

% P

b
Figure 5. Wire model showing the(Q{g arrangement of the
molecules in crystals of 3b.

broadened, pointing to Nynamlc process. Thus, low-
temperature and temp Q dependent NMR measurements
in CD;0D were also p(l&med.

e, the 'H NMR spectrum of [Pt-
H}] (3a) displayed one signal for both
two sefs of signals with a 2:1 intensity in the
eﬂect}[\g mirror-symmetric structure of the
oluti contrast, at room temperature, the 'H
ctra (COMe),{(2-py);COR}] (R = Me (3b),
% ) exhibited broad signals for the protons both

gands and of the coordinated pyridine rings, as

acetyl ligand

ce
q \Flgure 6 for complex 3b. At —20 °C, these signals
wer

nd to be split up, indicating a dynamic process that

1 to a loss of the mirror-symmetric structure of the
plexes in solution (Table 1). In contrast, the "H NMR
spectrum of 3a (R = H) recorded even at —80 °C still displayed
only one sharp signal for the acetyl ligands and—in addition to

the signals of the pendant pyridyl group—only one set of
signals for the protons of the two coordinated pyridine rings.

The similar type 4 and § complexes [Pt(COMe),{(2-
py),PhCOR}] (R = H (4a), Me (4b)) and [Pt(COMe),{(2-
py).(m-Tol)COH}] (5a), where the pendant pyridyl group is
replaced by a phenyl or m-tolyl group, do not show any
dynamics, whereas the complex [Pt(COMe),{(2-py),(m-Tol)-
COMe}] (5b) shows a dynamics (although not all proton
signals are split up) analogous to that of complexes 3b—d
(Table 1). Thus, in compliance with complexes 3, the dynamics
depend on both the symmetry of the pendant group
(unsymmetrically substituted as py, m-Tol versus symmetrically
substituted as Ph) and the substitution pattern at the backbone
C atom (OR with R = Me, Et, Bn versus OH).

In general, the same observations were made in the "
NMR spectra of compounds 3—5. At room temperature,
spectra of 3b—d and 5b exhibited broad signals (which split up
at lower temperatures) or even two sets of signals for the C
atoms of the acetyl ligands and of the coordinated pyridine
rings. On the other hand, the *C NMR room-temperature
spectra of 3a, 4, and Sa reflect a mirror-symmetric structure of
the complexes in solution.

The conditions for the existence of mirror-symmetric
structures in solution should be both a fast rotation of the
acetyl ligands and a fast rotation of the substituent R at the
backbone of the (2-py);COR ligand as well as of the
noncoordinated pyridine/m-tolyl ring. Since a hindered
rotation of the acetyl ligands can be excluded due to experience
with a number of other diacetylplatinum(II) complexes,”"?
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A

+45°C

+35°C

Figure 6. Variable-temperature 'H NMR spectra of 3b measured in CD;0D: (A) region related to the acetyl ligands.; E s{bﬁatlc region. Signals of

the noncoordinated pyridyl group are marked with asterisks.

Table 1. Temperature-Dependent Characteristic Proton Shifts (in ppm) of the Acetyl Ligand a(l:bo‘f the Coordinated Pyridyl
Groups of [Pt(COMe),{(2-py);COR}] (R = Me (3b), Et (3c), Bn (3d)) and [Pt(COMe)@- ),(m-Tol)COMe}] (5b)°

T (°C) Bacetyl O3

3b® 27 1.79 821

20 1.74/1.85 8.20/8.29
3ct +27 1.79 821

-20 1.73/1.85 8.19/8.28
3d° +27 1.80 8.26

20 1.75/1.85 821/8.33
5b° 27 1.76 8.20

20 1.72/1.80 8.22
3a° 427 1.76 8.38
4a° +27 1.71 \q
47 27 1.79
5a® +27 1.74 3. 4

“For comparison, the corresponding values of complexes

(b' 7.43 8.59

O Ous Ons
8.11 % 744 8.62
8.11 /%C) 745/7.52 8.60/8.63
8.11

7.44 8.62
8! 9 * 7.45/7.52 8.60/8.63
é}‘ é\' 7.45 8.65
&.10/8 1()\ 7.45/7.52 8.62/8.64
O i;%o ca. 7.4° 8.65

ca. 7.4° 8.61/8.67

‘ 7 96 725 8.64
7.88 7.25 8.83
8.10 743 8.63

a,b, %@without dynamics are shown. “Measured in CDOD;. “Measured in
)

CD,Cl,. “Measured in CDCl;. “Overlapped with othe§$

these results imply that in complexes 3b—d a at le ne
of the other aforementioned rotations is*] @3red @hus is
the reason for the observed phenomen MR {p\&oscopy

To get an impression of the thef: ami rameters of
these potentially hindered rotati e si of the acetyl
ligands were used for an analysis“of thi amics by NMR
techniques. Thus, variable- rat NMR studies were
performed to estimatenth coa ce temperatures. Fur-
thermore, from hna$§e of spectra recorded in a
range close to the scenfelt peratures (283—318 K), the

activation par an AS* have been determined by
Eyring plots @g re 7 GlbbS free energies of activation at
the coal &\ce t@ture were calculated accordlng to
AGF S % The compilation of AG* and related
% rs in Q, 2 shows that the coalescence temperatures
ell as the Gibbs free energies of activation at
the coab-‘ce temperature (14.6—15.8 kcal mol™) for all
compounds were found in a narrow range. The enthalpies of
activation (ca. 9.2 kcal mol™') and entropies of activation (ca.
—18.7 cal mol™" K™') calculated for complexes 3b—d are in a
narrow range as well. In contrast, the corresponding values of
complex 5b were found to be AH* = 12.8 kcal mol™! and AS*
= —8.5 cal mol ™ K™, thus being higher by about 2.6 kcal mol ™"
and about 10.2 cal mol™" K™/, respectively. For comparison, the
requisite values of the well-studied dimethylformamide as the
“benchmark” are given: AGc* = 21.5 keal mol™ at T = 114
°C;'® AH = 21.2 keal mol™!, AS = —1.6 cal mol™* K™'.°

o
o
1
>enm
—~—

In(k'T)
///
88®

-2,0
-2,5 -
-3’0 -
'3 5 T T T T 1
0,0031 0,0032 0,0033 0,0034 0,0035 0,0036
UTinK'

Figure 7. Eyring plots of complexes [Pt(COMe),{(2-py);COR}] (R =
Me (3b), Et (3c), Bn (3d)) and [Pt(COMe),{(2-py),(m-Tol)-
COMe}] (5b).

2.4. DFT Calculations. For an additional qualitative and
quantitative analysis of the dynamics found in complexes 3b—d
and Sb, quantum-chemical calculations on the DFT level of
theory were performed using the B3LYP functional and high-
quality basis sets for all atoms and a pseudopotential for Pt
considering relativistic effects (for details, see the Experimental
Section). In all calculations solvent effects (MeOH) were
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Table 2. Gibbs Free Energies of Activation and Related
Parameters for the Dynamics in Complexes 3b—d and Sb

AH* (keal AS¥ (cal mol™" AG:H (keal

mol™!) K mol ") (KC)
3b 9.1 +£0.5 —185 + 14 14.6 + 0.8 296
3c 93 +0.3 —182 + 1.0 14.8 + 0.6 301
3d 9.2 + 04 —19.1 + 14 15.0 + 0.8 303
Sb 12.8 + 0.9 -85+ 3.0 154 + 1.8 302

conmdered according to Tomasi’s polarized continuum
model.'”” To analyze the dynamics, the complexes [Pt-
(COMe),{(2-py);COMe}] (3b) and [Pt(COMe),{(2-
py).(m-Tol)COMe}] (Sb) were chosen. Furthermore, for
comparison, the complex [Pt(COMe),{(2-py);COH}] (3a)
showing a mirror-symmetric structure even at —80 °C was
included into the calculations.

At first the equilibrium structures of reasonable conformers
(four for each complex) were calculated: see Figure 8 for 3b**’
and the Supporting Information for 3a* and Sb*. The standard
Gibbs energies (AG¥) are given in Table 3. As expected, in all
structures the C(u-py),Pt units adopt a boat conformation with
the platinum atom and the backbone carbon atom of the (2-
py)sCOR or the (2-py),(m-Tol)COMe ligand at the apexes. In
the global minimum (Table 3, entry 1), the OR groups are
equatorially positioned, while the asymmetric pendant groups
(py in 3a*/3b*, m-Tol in 5b*) are in an axial position and are
thus curled toward the platinum center. Moreover, the
substituents R and the pendant rings (py/m-Tol) are in
mutually gauche positions. These conformations (R = H
(3a*(py./gauche)); R = Me (3b*(py,,/gauche), Sb*(T
gauche))) were found in crystals of type 3 complexes except
the transoid position of the acetyl légands whlcl-é
general—favored over a cisoid position.” The cisoj siti

found in crystals of 3 is a consequence of K molec@

hydrogen bonds (see section 2.2).

The conformers having an anti (fully 5t@d) c ma-
tion of the R—O—C—C; dihedral angl ead ‘gauche
conformation) are 4.2—5.7 kcal mol % er in ir standard
Gibbs free energies (Table 3, ent whic ht be caused
by steric interactions. Further oc ers, each with
an inverted boat unit, have t onsid . This results in an
equatorial position of th%end idyl/m-tolyl groups
(PYeq/ Toleg). Moreov, O dihedral angles (for

Sb* C,—C,—C-0)¢ sy t1 All these conformers are,
at least, 3.2 kcal

their standard Gibbs energies
(Table 3, entr&} anc@'
N

Table 3. Calculated Standard Gibbs Free Energies (in kcal
mol ™) of the Conformers of 3a*, 3b*, and 5b* Relative to
the Most Stable Conformer

entry conformer 3a* 3b* Sb*
1 PYu/gauche” 0 0 0
2 PYa/anti 42 S5 5.7
3 PYeg/sym” 72 9.5 6.9
4 Pyeg/anti® 32 53 6.4

“Conformation characterized by the R—O—C—C; dihed gle (C =

szso C atom of the pyridine and tolyl rin x ectively).
Conformation determined by the N—C,—C— O@ b* C,—C—
C—0) dihedral angle.

As discussed in section 2.3, the
caused by a hindered rotation of the
and/or of the substituent R. InfEigure 9 the Gibbs free energy
diagram for the rotation of t dant pyridyl group is shown
starting from the most gauche conformers of 3a* and

él;by\n

iCs observed may be

metric pendant group

3b*. Here and in the ng, the dynamics of Sb* are very
similar to those zfﬁﬁ; thus, the diagrams for Sb* are only
S

given in the ting Information. Apart from these

conformers gauche; Figure 9, a) only one further
equilibriu tur 4%}1‘ could be located. They are also
PYar/ gam%qur igure 9, c), their energies being only

al minima. In the case of 3a* (R = H),
barriers (Figure 9, b/d) are significantly
flip-flop-type motion could be operative: the
ivatl tier of the flip-flop-type motion where the N atom
of tl@@dant pyridine ring is directed toward the substituent
Figure 9, a — c via b) is 4.2 kcal mol™', whereas that
re the 3-C—H group of the pendant pyrldme ring is
1rected toward the substituent R = H (Figure 9,a — cvia d) is
13.7 kcal mol ™. In the case of 3b* (R = Me) the two activation
barriers (Figure 9, b/d) are of the same order of magnitude
(17.8/19.5 kcal mol™") and are significantly higher than that for
3a*. Thus, for 3b*, even at room temperature, a rotation of the
pendant pyridine group is expected to be hindered.

In Figure 10 the Gibbs free energy diagram for the rotation
of R for the complexes 3a* and 3b* is shown. An inspection of
the Newman projections makes it clear that a rotation of the
substituent R by 360° includes the following conversions:
gauche (Figure 10, a; global minimum; R pointed toward the N
atom of the pyridine ring) — anti (Figure 10, c¢) — gauche
(Figure 10, e; lone electron pair of the O atom pointed toward
the N atom) — gauche (Figure 10, a; global minimum).
Obviously, the activation barriers (Figure 10, b/d) are mainly a

o]
N pt
(0.0) (5.5)
3b*(py.x/gauche) 3b*(py.x/anti)

o [
N
Pt Pt
(9.5) (5.3)
3b*(pyeq/syn) 3b*(pyeq/anti)

Figure 8. Calculated equilibrium structures of different conformers of [Pt(COMe),{(2-py);COMe}] (3b*). The conformers are designated with
indices showing an axial (py,,) or equatorial (Pqu) position of the noncoordinated pyridine group and characterizing the dihedral angles R—O—C—
C; (gauche, untt) and N—C,—C—O (syn, anti) (C; = ipso-C atom of the noncoordinated pyridine ring), respectively. The standard Gibbs free energies
(m kecal mol™) are given in parentheses relative to the most stable conformer.
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(0.0) ©4) (b\'\\ . (00
(Pyax/gauche) (pPYyax/gauche’) é\' . é\%(pyax/gauche)

Figure 9. Gibbs free energy diagram for the rotation of the noncoordinated pyridyl

groyp in [Pt e),{(2-py);COR}] (R = H (3a*) Me (3b*)).
€ isome = transition state). The Newman projections (Ip =
the (2-py);COR (R = H, Me) ligands.

@ ® O O@".&\@ ® ®

N\
|\ « |\ (Q t @ l\ X
2N ! (136) /'b 'ii:
Ip R

PY¢ PYc

; i
.' | Ip R
1 ! 1
| \ Q \
! \ ! \ PYc PYc
\ 1 \
b | O R cgb
/
1
;
!
1
1
1

(0.0)
(PYax/gauche)

0.7)

(0.0)
(PYax/anti) (PYax/gauche”) (PYyax/gauche)
Figure 10. Gibbs free energy diagram for the rotation of the substituent R in [Pt(COMe),{(2-py);COR}] (R = H (3a*), Me (3b*)). The Gibbs
energies (in kcal mol™") are given in parentheses relative to the most stable isomer (ts = transition state). The Newman projections (Ip = lone

electron pair; py, = coordinated pyridyl) are along the O—C vector of the backbone of the (2-py);COR (R = H, Me) ligands.

consequence of steric repulsion between the substituent R and

as expected, for R = H (3a*) the barriers are remarkably lower
the 3-CH groups of the coordinated pyridine rings (py.). Thus,

than for R = Me (3b*): 6.2/6.8 vs 13.6/13.8 kcal mol™".
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| A | A
N N
Z almost N almost 7
Ip Ip barrierless barrierless Ip Ip
—— ——
o Pt
PY¢ PYc PYc PYc
Me Me

atom.

Figure 11. Calculated equilibrium structure of the anti conformer 3b*(py,,/anti) with the N atom of the pendant pyridine ring align,@;d the Pt
Vi

0

| = | =
N = ZN
Me Ip Ip Me
PYc PYc PYc PYc
1 ts
P P

AG

(0.4)
3b*(pyax/gauche’) \

Figure 12. Gibbs free energy dia@ for th

parentheses relative to the m

® @‘l»@

Me

9" 9
Pt

(6.4) (6.5)

3b*(pyax/anti) 3b*(pyax/anti’) 3b*(pyax/anti")

amics in [Pt(COMe),{(2-py);COMe}] (3b*). The Gibbs energies (in kcal mol™") are given in
le isomer\(ts = transition state). The Newman projections (Ip = lone electron pair; py. = coordinated pyridyl)
are along the O—C vectgrrKft backbong) of the (2-py);COMe ligand.

Since for the ga g\\'cznf Qf 3b* the activation barriers
for the rotatio pen@t yridine ring (Figure 9, b/d) are
significantly Highér thai\those calculated for the gauche—anti
isomeriz, %8& s 13.6/13.8 kcal mol™), calculations
conc the ion of the pendant groups of the anti
cgjgers %erformed. In addition to the equilibrium
st turﬁizy thermodynamically most stable anti conformer
describe ove (3b*(py,/anti) in Figure 8), another one
(3b*(pyy/anti’’)) was found lying 0.9 kcal mol™" over the
aforementioned one (Figure 11). In this structure the pendant
pyridyl group is positioned perpendicular to the complex plane
while the N atom is aligned toward the Pt atom. The rotation
of 90° both clockwise and anticlockwise was found to be almost
barrierless; thus, a flip-flop-type motion could be operative
(Figure 11). In contrast, a similar structure having the C—H

group oriented toward the Pt atom is a transition state, which
lies in its Gibbs free energy 3.6 kcal mol™" above the most

stable anti conformer (see the Gibbs free energy diagram in
Figure S2 (Supporting Information)).

For the rotation of the m-tolyl group in the anti conformer of
Sb* only insignificant activation barriers were found, and thus,
a 360° rotation could be operative in this case. Although
irrelevant (because the gauche—anti isomerization is higher in
Gibbs free energy than the flip-flop-type motion of the pyridyl
group in the gauche conformer), the rotation of the pyridine
ring in the anti conformer of 3a* was calculated. In this case
two activation barriers of 6.2 and 7.3 kcal mol™ were found
(see the Gibbs free energy diagram in Figure S1 (Supporting
Information)).

All structures of the conformers with the inverted boat
structure (py.q/syn and py,,/anti) lie between 3.2 and 6.9 keal
mol ™" above the global minimum equilibrium structures (py,,/
gauche). Furthermore, for the inversion of the boat structure
(which might proceed according a dissociative mechanism),'® a
relatively high barrier can be assumed. Thus, although it cannot
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be strictly ruled out, these conformers should not play a role in
the dynamics observed.

2.5. Conclusions. Within this work, the synthesis and
characterization of diacetylplatinum(II) complexes bearing x>
bonded ligands of type (2-py);COR (R = H, Me, Et, Bn), (2-
py),PhCOR, and (2-py),(m-Tol)COR (R = H, Me) have been
described. Furthermore, both a qualitative and quantitative
analyses of the dynamics found in complexes 3b—d and Sb
bearing asymmetric pendant groups (py/m-Tol) and etherified
ligands (R # H) by NMR techniques and DFT calculations
have been presented. The results of the DFT calculations
indicate that the dynamics observed is caused by an interplay of
a hindered and unhindered rotation, respectively, of the
substituent R and/or of the pendant py/m-Tol group.

(1) For complexes with an etherified ligand (R # H) and an
asymmetric pendant pyridyl group (3b—3d; in the following
discussed with 3b* as an example) it can be stated that, starting
from the gauche conformer, the activation barrier for the
gauche—anti isomerization (Figure 12, a — c) is remarkably
lower than that for the rotation of the pendant pyridyl group
(Figure 12, a — b). For the anti conformer a flip-flop-type
motion of the pendant group (py) has an insignificant
activation barrier and thus is favorable (Figure 12, ¢ — e via
d). In accordance with the NMR experiments, the mirror
symmetry of complexes in solution is retained, at least at higher
temperatures, due to the activation barrier of 13.6 kcal mol™
(3b*) for the gauche—anti isomerization.

(2) The situation of complex Sb having an etherified ligand
(R = Me) and an asymmetric pendant m-tolyl group is

analogous to that described above, but—instead of a flip-fl &
type motion of the pendant group in the anti conforrner—a Sig
less SP

360° rotation takes place, which proved to be nearly barzi
(see Figure SS (Supporting Information) for Sb*)

(3) For complexes with an alcohol group (R, and
asymmetric pendant pyridyl or m-tolyl group (\s’& a; in
following discussed with 3a* as an example, see Rigures
10) it can be stated that a flip-flop-type m of t dant
group of the gauche conformer (globalé\

% ains the
mirror symmetry, whereas the gauch\qwné&' ation does

not play a role. In accordance wi eriments, due
to the activation barrier of 4@ dynamics are
operative even at lower te ur ?‘

(4) For complexes with a8ym !b pendant phenyl group
(4a)b), irrespective w %“ is etherified (R = Me) or
not (R = H), mirr me ctures were observed NMR
spectroscopically. iou ;mlé situation is analogous to the
m-tolyl COI{IR&[?*, b to the symmetric pendant phenyl

symmetry due to hindered rotation

t nam diacetylplatinum(II) complexes bearing
K°N, ’&gﬁnated ligands of types (2-py);COR, (2-
py),Ph , and (2-py),(m-Tol)COR. Moreover, a very
good agreement between the values obtained from NMR
experiments (AG,gg = 14.6 kcal mol™ (3b), 14.7 kcal mol™
(3c), 14.9 kcal mol™ (3d), 15.3 kcal mol™* (5b)) and from
DFT calculations (AG,gq = 13.6/14.5 kcal mol™ (3b*/5b*))
was found.

Thus, overall there are three types of diacetylplatinum(II)
complexes with K*N,N’-coordinated ligands having an addi-
tional pendant N-donor site at their disposal, namely type III
complexes (see Scheme 1) with anionic tris(pyrazolyl)borate
ligands, type IV complexes (see Scheme 1) with neutral

group a logs\of the eo
is irreleyan’ &\
?@ en@ gives a detailed insight into the nature of
NN

tris(pyrazolyl )methane ligands, and complexes of type 3 with
neutral tris(pyridyl)methanol and tris(pyridyl)methyl ether
ligands discussed here. In type IV complexes, molecular
rearrangement (exchange of coordinated and noncoordinated
pyrazolyl rings via intermediates having only x'N-coordinated
ligands) was observed, pointing to a weak coordination of the
neutral tris(pyrazolyl)methane hgands Type III complexes do
not show any molecular dynamics, indicating, as expected, a
stronger coordmatlon of the scorpionate ligands due to their
negative charge.’ In the neutral type 3 complex@llscussed
here, which have pyridine type donor sites &Q olecular
dynamics observed are due to a rotation flip-flop-type
motion of the pendant (noncoordinated) ‘pyyidine group but
not due to a decoordination/recoordi th‘n mechanism as in
type IV complexes. This is in acco%«uﬁ a stronger 6 donor
ability of pyridine in comparison with“that of pyrazole.” Thus,
the donor ability of such lig épends both on the overall
charges of the ligands an exes, respectively, and on the
nature of the donor N

3. EXPERIMENTC)&ECTION

3.1. GenerahBomments. All reactions were performed under an

argon atmo. @ sing standard Schlenk techniques. Solvents were
dried (dle K er 2 over Na/benzophenone) and distilled
prlor to not ise stated, NMR spectra were recorded at 27

anan 400 and Unity 500 spectrometers. Chemical
e re solvent signals (CDCl,, 8y 7.24, ¢ 77.0; CD,CL,,
%S 32, 5& CD;0D &y 3.31, ¢ 49.0) as internal references;
%p e erenced to Na,[PtClg]. If necessary, 2D NMR techniques
COSY HMBC, and NOESY) were used to assign the
in 'H and *C NMR spectra. Temperature calibration for
le-temperature measurements was performed using CD,0D."
ectra were recorded with a Bruker Tensor 28 spectrometer with a
Platinum ATR unit. Microanalyses were performed by the University
of Halle microanalytical laboratory using a CHNS-932 (LECO)
elemental analyzer. The high-resolution ESI mass spectra were
obtained from a Bruker Apex III Fourier transform ion cyclotron
resonance (FT-ICR) mass spectrometer (Bruker Daltonics) equipped
with an Infinity cell, a 7.0 T superconducting magnet (Bruker), an rf-
only hexapole ion guide, and an external APOLLO electrospray ion
source (Agilent, off-axis spray). The sample solutions were introduced
continuously via a syringe pump with a flow rate of 120 uL h™". The
complexes [Pt,{(COMe),H},(u-Cl),] (1) and [Pt-
(COMe),(NH,Bn),] (2) were prepared according to literature
methods."”” Syntheses and spectroscopic data of the ligands, which,
in part, have not yet been described in the literature, are reported in
the Supporting Information.

3.2. Syntheses of the Diacetylplatinum(ll) Complexes (3—5).
[Pt(COMe),(NH,Bn),] (2; 100 mg, 0.2 mmol) and an equimolar
amount of the respective ligand were dissolved in THF (S mL) and
stirred for 30 min. The volume of the yellow solution was reduced in
vacuo to about 2 mL, and diethyl ether (8 mL) was added. The yellow
precipitate that formed was filtered off; washed with diethyl ether (3 X
2 mL), and dried in vacuo.

3.2.1. [Pt(COMe),{(2-py);COH} (3a). Yield: 87 mg (80%). HRMS
(ESI): m/z caled for [CyyH;oO3N;PtH]* 545.11487, found for [M —
H]* 545.11456. '"H NMR (400 MHz, CD,OD): 6 1.76 (s, 6H,
COCH;), 7.10 (m, 1H, H’® py), 7.43 (m, 2H, H* py), 7.49 (m, 1H,
H' py), 7.89 (m, 1H, H py), 8.10 (m, 2H, H* py), 8.38 (m, 2H,
H¥* py), 8.56 (m, 1H, H'* py), 8.59 (m, 2H, H”* py). *C NMR
(100 MHz, CD;0D): § 439 (s + d, Jp,y = 343.7 Hz, COCHS), 85.0
(s, (2-py);COH), 124.6 (s, C py), 125.0 (s, C** py), 125 5 (s, C¥/¥
+ C’ py), 138.8 (s, C'° py), 140.7 (s, C¥* py), 150.5 (s, C'* py), 152.2
(s, C¥% py), 162.5 (s, C*'* py), 164.8 (s, C* py), 236.5 (s + d, Jp,y =
1286.9 Hz, COCH,). Here and in the following, the two coordinated
pyridine rings are numbered 1—6 and 1'—6', respectively; non-
coordinated pyridine rings are numbered 7—12. '*Pt NMR (107
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MHz, CD,Cl,): § —3221.8 (s). IR: (CO) 1624, v(CO) 1601, v(CO)
1576, v(CO) 1562 cm™.

3.2.2. [Pt(COMe),{(2-py);COMe}] (3b). Yield: 82 mg (73%). HRMS
(ESI): m/z calcd for [CyH,,O5N;PtH]* 559.13053, found for [M —
H]* 559.13046. '"H NMR (500 MHz, CD;0D, —20 °C): § 1.74 (s,
3H, COCH,), 1.85 (s, 3H, COCHj), 3.29 (s, 3H, OCH,), 7.28 (m,
1H, H’ py), 7.45/7.52 (m, 2H, H® + H py), 7.64 (m, 1H, H"! py),
8.00 (m, 1H, H' py), 8.11/8.18 (m, 2H, H* + H"py), 8.20/8.29 (m,
2H, H® + H%py), 8.60/8.63 (m, 2H, H® + H" py), 8.69 (m, 1H, H'
py). '"H NMR (500 MHz, CD,0D, +27 °C): § 1.79 (s (br), 6H,
COCHjy), 3.29 (s, 3H, OCHj,), 7.22 (m, 1H, H py), 7.4 (s (br), 2H,
HY% py), 7.59 (m, 1H, H"! py), 7.96 (m, 1H, H' py), 8.11 (s (br),
2H, HY* py), 8.21 (s (br), 2H, H* py), 8.62 (m, 2H, H"* py), 8.66
(m, 1H, H" py). C NMR (50 MHz, CD,Cl,, —80 °C): § 43.4/43.5
(s, 2 X COCH;), 53.6 (s, OCHy), 882 (s, (2-py);COMe), 122.6/
123.1/123.2/123.6/1242/125.7 (s, C* + C¥ + C + C° + C¥ + C!
py), 1362 (s, C'° py), 138.3/138.7 (s, C* + C¥ py), 149.2/150.4/
151.3 (s, C* + C% + C'py), 156.9/158.2/159.6 (s, C* + C* + C® py),
229.0/230.3 (s, 2 X COCH;). *C NMR (100 MHz, CD,Cl,, +27 °C):
5 43.5 (s (br), COCH,), 54.1 (s, OCH,), 894 (s, (2-py);COMe),
123.5 (s (br), C** py), 123.8 (s, C'! py), 124.1/124.6 (s (br), C° +
C¥ py), 1265 (s, C py), 136.8 (s, C° py), 138.8 (s (br), C** py),
149.8 (s, C'? py), 151.5/152.6 (s (br), C° + C* py), 158.9/161.1 (s
(br), C* + C¥ py), 159.3 (s, C® py), 226.6/227.8 (s (br), 2 X COCH,).
195pt NMR (107 MHz, CD,Cl,): § —3221.8 (s). IR: ©(CO) 1600,
v(CO) 1583, v(CO) 1564 cm™.

3.2.3. [Pt(COMe),{(2-py);COEt}] (3c). Yield: 97 mg (85%). HRMS
(ESI): m/z caled for [Cy,H,;05N,PtH]* 545.14619, found for [M —
H]* §73.14627. '"H NMR (500 MHz, CD;0D, —20 °C): § 1.40 (t,
3H, OCH,CH,), 1.73 (s, 3H, COCH,), 1.85 (s, 3H, COCH,), 3.30
(m, 2H, OCH,CH,), 7.25 (m, 1H, H’ py), 7.45/7.52 (s, 2H, H® +
H%),7.63 (m, 1H, H"! py), 7.99 (m, 1H, H" py), 8.11/8.19 (s, 2H, H*
+HY py), 8.19/8.28 (s, 2H, H> + H* py), 8.60/8.63 (m, 2H, H° +H6
pYy), 8.67 (m, 1H, H? py). '"H NMR (500 MHz, CD;0D, +27 c@
1.33 (t, 3H, OCH,CHjy), 1.79 (s (br), 6H, COCH,), 3.33 (s, (br),
OCH,CHj,), 7.19 (m, 1H, H’ py), 7.44 (s (br), 2H, H*>' py),
1H, H" py), 7.94 (m, 1H, H' py), 8.11 (s (br), 2H, H**
(br), 2H, H** py), 8.62 (m, 2H, H** py), 8.64 (m,

NMR (100 MHz, CD,0D, —20 °C): § 15.5 (s, OCH
Et
h C5 é
0.5/1 53.1 (s,
“Q v), 235.4/
7°C): 6154

(s, 2 x COCHj,), 63.0 (s, OCH,CHj), 89.9 (s, (2-
C®+ C¥ + C" py), 159.8/160.8/161.7

,CH;), 89.2 (s,
(s (br), C* + C¥ py), 149.4(s, 14/152.5 (s (br), C° + C¥

125.1/125.3/125.6/126.2/127.9 (s, C* + C¥

py), 138.9/140.9/141.3 (s, C* + C¥ + c“’

237.7 (s, 2 X COCH;).”*C NMR (100

(2-py);COEt), 123.4 (s (br), C¥, W py), 124.1/124.7

(s (br), C° + C* py), 126.3 ( y), #36.8 {s, C*° py), 138.8/139.9
p

py), 159.2/161.3 (s (br ¥ %)’359.9 (s, C*py), 227.2/2284 (s

(br), 2 X COCH,). ! MFQL‘ Hz, CD,CL,): § —3213.4 (s).

IR: ©(CO) 161 c

3.2.4. [Pt(C {(2-p n}] (3d). Yield: 89 mg (70%). HRMS
(ESI): m/z & or [ sN,PtH]*" 635.16188, found for [M —
H]*" 635 00 MHz, CD;0D, —20 °C): § 1.75 (s,
3H, &%;31{ COCH,), 442 (m, 2H, OCH,Ph), 7.30
( 1H, p-CH Ph), 7.39 (m, 2H, m-CH Ph), 7.44

45/7 52 (s, 2H, H® +
py) 796C) , H" py), 8.10/8.18 (s, 2H, H* +H" py), 8.21/8.33
(s, 2H, O B> py) 8.62/8.64 (m, 2H, H® + H* py), 8.68 (m, 1H,
H" py). "H NMR (500 MHz, CD,0D, +27 °C): § 1.80 (s (br), 6H,
COCH,), 4.44 (s (br), 2H, OCHZPh), 7.23 (m, 1H, H’ py), 7.30 (m,
1H, p-CH Ph), 7.35—7.42 (m, 4H, 0-CH + m-CH Ph), 7.45 (s (br),
2H, H¥* py), 7.56 (m, 1H, H'! py), 7.90 (m, 1H, H' py), 8.12 (s
(br), 2H, HY* py), 8.26 (s (br), 2H, H**' py), 8.65 (m, 3H, HY®' +
H" py). ®C NMR (50 MHz, CDCl;, —80 °C): § 43.5/43.6 (s, 2 X
COCH,), 67.0 (s, OCH,Ph), 88.2 (s, (2-py);COBn), 122.7/123.1/
123.4/123.7/124.3/125.3 (s, CC + C¥ + C" + C¥ + C° + C" py),
126.4/128.1 (s, m- + 0-CH Ph), 127.4 (s, p-CH Ph), 136.6 (s, C'* py),
136.7 (s, i-C Ph), 138.5/138.7 (s, C* + C* py), 149.2/150.6/151.3 (s,
CS + C% + C2 py), 157.2/158.5/159.1 (s, C* + C¥ + C® py), 229.2/

H¥ py), 7.61 (m, 1H, H"

2302 (s, 2 X COCHj;). BC NMR (125 MHz, CDCl,, +27 °C): §
43.3/43.6 (s (br), 2 x COCHj,), 67.9 (s, OCH,Ph), 89.1 (s, (2-
py);COBn), 122.8/123.0 (s (br), C¥* py), 123.5 (s, C"! py), 123.7/
124.5 (s (br), C5 + C* py), 126.6 (s, C° py), 127.1 (s, m-CH Ph),
128.0 (s, o-CH Ph), 128.6 (s, p-CH Ph), 136.6 (s, C'° py), 137.2 (s, i-C
Ph), 138.6 (s (br), C"* py), 149.5 (s, C'2 py), 151.5/153.1 (s (br), C°
+ C% py), 158.4/160.8 (s (br), C* + C* py), 158.8 (s, C® py), 226.4/
229.5 (s (br), 2 X COCH;). Pt NMR (107 MHz, CD,CL): §
—3213.4 (s). IR: »(CO) 1614, v(CO) 1583 cm™.

3.2.5. [Pt(COMe),{(2-py),PhCOH}] (4a). Yield: 98 mg (90%).
HRMS (ESI): m/z caled for [C,H,,O;N,PtH]" 544 §, found
for [M — H]* 544.11945. 'H NMR (500 MHz, CD ¥5 171 (s,
6H, COCHj,), 6.92 (m, 2H, o-CH Ph), 7.25 ( , ' py), 7.32
(m, 2H, m-CH Ph), 7.39 (m, 1H, p-CH Ph), 7! , 2H, HY* py),
8.43 (m, 2H, H** py), 8.64 (m, 2H, HY* gy). € NMR (125 MHz,
+27 °C, CD,CL): 6 432 (s + d, Jpic 5 Mz, COCH,), 82.9 (s,
(2-py),PhCOH), 123.7 (s, C¥* py), 1 s, C/>' py), 1283 (s, p-
CH Ph), 128.4 (s, 0-CH Ph), 128.8«(s, m CH Ph), 138.7 (s, C** py),
145.8 (s, i-C Ph), 151.4 (s, C*¥% %51 2 (s, C¥* py), 230.5 (s + d,
Upec = 1304.7 He, COCH% t-NMR (107 MHz, CD,CL): &
—3249.4 (s). IR: 1(CO) (CO) 1576 cm™.

3.2.6. [Pt(COMe),{(2-py)sPhCOMej}] (4b). Yield: 87 mg (78%).
HRMS (ESI): m/z ¢ r [C,,H,,O3N,PtH]* §58.13531, found for

[M — H]" 558.1 H NMR (400 MHz, CDCly): § 1.79 (s, 6H,
COCH,), 3.18 CH,), 6.95 (m, 2H, o-CH Ph), 7.25 (m, 2H,
HY py), 7 ,‘m-CH + p-CH Ph), 7.88 (m, 2H, H¥*
py), 8.04 )78.83 (m, 28, H®® py). 3C NMR (125

™0 43.5 (s + d, ’Jp,c = 377.6 Hz, COCHL), 88.4
22.8 (s, C¥ py), 123.9 (s, C'>' py), 128.6 (s,
(s, p-CH Ph), 130.4 (s, m-CH Ph), 1383 (s, C**
9& Ph), 152.5 (s, C¥% py), 160.0 (s, C¥* py), 230.5 (s
72 1304.7 Hz, COCH,). Pt NMR (107 MHz, CDCL): §
3(s). IR: ©(CO) 1599, v(CO) 1576 cm™".

7. [Pt(COMe),{(2-py),(m-Tol)COH}] (5a). Yield: 80 mg (72%).

S (ESI): m/z calcd for [C,,H,,0;N,PtH]* 558.13531, found for
— H]* 558.13508. 'H NMR (400 MHz, CD;0D): § 1.74 (s, 6H,
COCHj;), 2.30 (s, 3H, 3-CH;Ph), 6.72 (m, 1H, H® m-Tol), 6.76 (s,
1H, H? m-Tol), 7.27—7.34 (m, 2H, H* + H® m-Tol), 7.43 (m, 2H,
HYS py), 8.10 (s, 2H, H* py), 8.40 (m, 2H, H**' py), 8.63 (s, 2H,
HY® py). 3C NMR (100 MHz, CD;0D): § 21.6 (s, 3-CH,Ph), 43.9
(s, COMe), 53.5 (s, OCHj), 82.3 (s, (2-py),(m-Tol)COH), 124.9 (s,
C¥¥ py), 125.4 (s, C*' py), 126.9 (s, C® m-Tol), 130.0 (s, C* + C5 m-
Tol), 130.6 (s, C* m-Tol), 139.6 (s, C°, m-Tol), 140.5 (s, C*'* py),
147.1 (s, C' m-Tol), 152.4 (s, C¥% py), 163.2 (s, C¥'* py), 236.9 (s,
COCH,). *Pt NMR (107 MHz, CD,Cl,): § —3244.8 (s). IR: 2(CO)
1618, (CO) 1600, v(CO) 1574 cm™.

3.2.8. [Pt(COMe),{(2-py),(m-Tol)COMej}] (5b). Yield: 78 mg (68%).
HRMS (ESI): m/z calcd for [C,3H,,05N,PtH]* 545.15097, found for
[M — H]* §72.15109. '"H NMR (500 MHz, CD;0D, —20 °C): § 1.72
(s, 3H, COCHj), 1.80 (s, 3H, COCHj), 2.34 (s, 3H, 3-CH,Ph), 3.24
(s, 3H, OCH,), 6.77 (m, 1H, H® m-Tol), 6.84 (s, 1H, H* m-Tol),
7.32—7.49 (m, 4H, H* + H® m-Tol + H* py), 8.13 (s, 2H, H"* py),
8.22 (m, 2H, H* py), 8.61/8.67 (m, 2H, H*/H® py). 'H NMR (500
MHz, CD;0D, +27 °C): 6 1.76 (s (br), 6H, COCH,), 2.33 (s, 3H, 3-
CH,Ph), 3.25 (s, 3H, OCHj), 6.76 (m, 1H, H® m-Tol), 6.81 (s, 1H, H
m-Tol), 7.31-7.45 (m, 4H, H* + H® m-Tol + H”* py), 8.10 (s, 2H,
HY* py), 820 (m, 2H, H** py), 8.65 (s (br), 2H, HY® py). 1*C
NMR (125 MHz, —20 °C, CD,0D): § 21.7 (s, 3-CH;Ph), 43.4/44.1
(s, 2 X COMe), 54.2 (s, OCH,), 89.6 (s, (2-py),(m-Tol)COH),
125.0/125.2 (s, C* + C¥ py), 125.7/125.8 (s, C* + C* py), 128.7 (s, C
m-Tol), 130.0 (s, C> m-Tol), 130.8 (s, C* m-Tol), 132.5 (s, C> m-Tol),
139.6 (s, C°, m-Tol), 140.9/141.0 (s, C* + C* py), 139.1 (s, C' m
Tol), 152.6/152.9 (s, C* + C¥ py), 160.9/161.5 (s, C* + C* py),
236.4/237.3 (s, 2 X COCH;). 3C NMR (125 MHgz, +27 °C, CDCL,):
521.5 (s, 3-CH,Ph), 43.4 (s (br), COMe), 53.5 (s, OCH,), 88.4 (s, (2-
py)»(m-Tol)COH), 122.8 (s (br), C*’* py), 123.8 (s (br), C* py),
1274 (s, C° m-Tol), 128.5, (s, C° m-Tol), 129.5 (s, C* m-Tol), 131.1
(s, C* m-Tol), 1382 (s, C> m-Tol), 138.3 (s (br), C** py), 139.1 (s,
C! m-Tol), 152.4 (s (br), C¥% py), 159.9/160.2 (s (br), C* + C¥ py),
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Table 4. Crystal Data and Structure Refinement for 3a—d

3a-CH,Cl, 3b 3c 3d
empirical formula C,,H,,CL,N;0,Pt C, H,,N;0,Pt C,,H,;N;0,Pt C,;H,sN;05Pt
formula wt 629.4 558.5 572.5 634.6
cryst syst monoclinic orthorhombic orthorhombic monoclinic
space group P2,/c P2,2,2, P2,.2,2, P2,/c
a (A) 8.3991(9) 8.1635(3) 8.2151(7) 14.315(3)
b (A) 15.800(1) 13.7797(6) 13.932(1) 10.722(1)
¢ (A) 17.095(2) 17.8650(7) 18.546(2) 16.602( .
B (deg) 100.74(1) 108.8@
Vv (A% 2228.4(4) 2009.6(1) 2122.5(3) 24%6
VA 4 4 4
Digea (g cm™) 1.876 1.846 1792 1747
#(Mo Ka) (mm™) 6.563 7.008 6.638 %5851
F(000) 1216 1080 1112 (b 1240
0 range (deg) 2.43-26.01 2.28-28.00 2.64-25.93 (b N 2.30-25.84
no. of rflns collected 15455 11935 12293 }\ 16605
nol of obsd rflns (I > 26(I)) 3603 4395 3848 Q 3736
no. of indep rflns 4306 (R, = 0.0741) 4757 (R, = 0.0424) 4080%(R,,,, = 0.0333) 4640 (R, = 0.0569)
no. of data/restraints/params 4306/0/274 4757/0/256 4 ((k4 4640/0/309
goodness of fit on F? 0.978 1.037 . @% 1.010
final R indices (I > 26(I)) RI = 0.0312 RI1 = 0.0293 \\\Rl = 0.0250 Rl = 0.0317
wR2 = 0.0551 wR2 = 0.0546 \% w@.@Sél wR2 = 0.0729
R indices (all data) R1 = 0.0393 R1 = 0.0349 @ ’@ .0280 R1 = 0.0439
wR2 = 0.0572 wR2 = 0.055 = 0.0570 wR2 = 0.0768
largest difference peak, hole (e A3 0.893, —0.782 0.776, —0 - 001.064, —-0.430 1.418, —1.260

227.8/227.9 (s (br), 2 X COCH,). Pt NMR (107 MHz, CD,Cl,): §

—3205.2 (s). IR: (CO) 1618, v(CO) 1600, v(CO) 1573 cm™.
3.3. X-ray Crystallography. Data for X-ray diffraction analyse

single crystals were collected on a Stoe-IPDS (3a,b,d) or a Stoe-I

2T diffractometer (3b) at 200 K using Mo Ka radiation (4 = Q%10

A, graphite monochromator). A summary of the crystallogra ata
Is gi Q

the data collection parameters, and the refinement par
in Table 4. Absorption corrections were applied emp%_,y with@

PLATON program package (Tpin/Tinae: 0.04/0.15 ,Cl

0.47, 3b; 0.10/0.17, 3¢; 0.45/0.71, 3d) %% The s res w ved

with direct methods using SHELXS- 97> and d u@r@matﬂx

least-squares routines against F? with SHE 22 Al@ ydrogen

atoms were refined with anisotropic ameters and
.H ‘were placed in

hydrogen atoms with isotropic par:
calculated positions according to t ing

3.4. Computational Deta :: T calc atlons were performed

with the Gaussian09 program age g he functional B3LYP.>*
The 6-311++G(d,p) b ts as 1 ted in Gaussian09 were

employed for main-gr the relat1v1st1c pseudopotential
of the Ahlrichs gro d rela ed basis functions of TZVPP quality

were employedyefor “the Pﬁ%}t1 >* The appropriateness of the
functional méﬁmat the basis sets and effective core
T

potential e terpretatlon of structural and energetlc
aspects ted p complexes has been demonstrated.*® All
s e ful imized without any symmetry restrictions. The
r geo ere characterized as equilibrium structures and
tran 1t10 re pectively, by the analysis of the force constants of
normal ions. Solvent effects (methanol) were considered

accordlng to Tomasi’s polarized continuum model.'”” The method
was used as implemented in Gaussian 09, which is much more
sophisticated than in previous Gaussian versions, especially because
solvent effects are considered in each optimization step.
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GRAPHICAL ABSTRACT o
: NV

N

stray Q 2-bromaphridine and 2-bromo-6-methylpyridine with n-BuLi and tin
@g d Sqéyh (la) and Sn(6-Me-2-py)4 (1b), respectively. The identities
thé*two unambiguously proved by microanalyses, NMR ('H, 13C, '19Sn)
spetrosc py, and si \C stal X-ray diffraction studies.

WS '@is(}pyridyl)tin compounds; scorpionate ligands; X-ray crystal structure
e O

ODUCTION

© Anionic tris- and tetrakis(pyrazolyl)borates (Scheme 1, A), so-called scorpionates,
Q‘Q have been established in recent decades as versatile flexidentate nitrogen donor ligands
which are usually capable of facially tripodal coordination in octahedral complexes.' In
contrast, neutral tris(2-pyridyl)methane (B) and, especially, tetrakis(2-pyridyl)methane lig-

ands (C) have received far less attention, although pyridine is considered to be both a

Received 15 March 2012; accepted 23 May 2012.
Address correspondence to D. Steinborn, Institut fiir Chemie, Martin-Luther-Universitidt Halle-Wittenberg,
Kurt-Mothes-Straf3e 2, Halle 06120, Germany. E-mail: dirk.steinborn @chemie.uni-halle.de

1271


root
Linien


Anhang Publikation D 92

1272 M. BETTE AND D. STEINBORN

better o-donor and a better m-acceptor ligand than pyrazole.> This may be due to the
challenging multistep laborious synthesis forming these ligands only in moderate yields

in many cases.>* The exchange of the bridgehead carbon atom by phosphorus, arsenic, or
nitrogen (D) opens the way to other types of tris(2-pyridyl) tripodal ligands which proved

to be more easily accessible than type B compounds.”> With tin as bridgehead atom,
tris(pyridyl) compounds are also accessible. Thus, the synthesis of "BuSn(2-py); (Scheme

1, E) and its ability to act as facially coordinating tripodal ligand in molybdenum and tung- /\'\ N
sten complexes® as well as in copper and lithium compounds is reported Furthermore, (l/
lithium tris(2- pyrldyl)stannate compounds have been synthesized.® Tetrakis(2- qu1n01yl)t1r{\
only described in a patent,’ is the only one tin homologue of a type C compound.

we present the synthesis, characterization, and structures of tetrakis(2- pyrrdyl)trn&&) and
tetrakis(6-methyl-2-pyridyl)tin (1b).

\
R -‘—
A — —
H4,,B<N\ /J> HC—\ /> CT\ /> n- BuSn~<(j>>
N"/, N—/4 N—"/4
n=3,4 = N
B (o
O, <<>‘”
Scheme 1 Tris- and tetrakis(pyrazolyl)borates (&@analo us com&%’s (B - E) derived from it.
RESULTS AND DISCUSSION Q\(b
Tin tetrachloride was fou c%a to Scheme 2 with 2-lithiopyridine
or 2-lithio-6-methylpyriding, i t10 under formation of Sn(2-py)s (1a) and
Sn(6-Me-2-py) (1b), resp ely 2— nes were synthesized in situ by the reaction
of the respective 2- br wi butylhthlurn at —78°C in diethyl ether. Due to
their thermolabili ifion served above —30°C, 0 also the reactions with tin
tetrachloride weré{erf ﬂ&

o% &2‘1 Usual work-up procedures of the reaction mixtures
resulted in isolation of 1 %Q& white to pale yellow solids in moderate yields of 34

% and 32 %, res identities were unambiguously proved by microanalyses,
NMR ('H, PC, @ 83@' copy, and single-crystal X-ray diffraction studies.

+ 4 n-BuLi ; + SnCl
4 BrK / 4 Li—\ / : 4 ~ SN\ Y
O' N — 4 n-BuBr N — 4 LiCl N

AN R R R/,

Scheme 2 Synthesis of 1a,b.

Characteristic NMR spectroscopic parameters of la,b along with the data of
Me;Sn(2-py)!! for comparison are given in Tables 1 and 2. In the 'H and '3C NMR
spectra all signals were found in the expected shift range with correct intensities in the


root
Linien


Q‘Q

O

Anhang Publikation D 93
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Table 1 Selected 'H and ''”Sn NMR spectroscopic parameters of 1a,b (§ in ppm)

Su3 SH4 dHs SHe dsn
Sn(2-py)s (1a) 7.87 7.56 7.18 8.78 -301.5
Sn(6-Me-2-py)s4 (1b) 7.76 7.42 7.01 - -313.4
Me3Sn(2-py)®) 7.27 7.14 6.78 8.77 522

2Given for comparison. Values taken from Ref.!!2

N

N
proton NMR spectra. The assignment of all resonances was verified by two-dime/\nal
NMR (H,H and C,H COSY) experiments.

The 8y values of the aromatic protons in 1b were found to be s N%lgh field
shifted in comparison to 1a (Ady 0.11-0.17 ppm). This may be due to th étron -donating
effect of the methyl group at position 6. In contrast, this additienal m :flj{ group does not

influence the 8¢ values and corresponding coupling constan@ the atic carbon atoms.
In compliance with the values reported for Me3Sn(2 py%e couphhg copstants follow the
sequence lJSn 2> 2an c3 > an c6 > an c4 > ancs ”Qe llgw ra d1splay smgle

128 ppm),'? the 8s;,

resonances at —301.5 (1a) and -313.4 ppm (1b).
values of 1a,b are shifted to much higher ﬁeld

de @(1(4 JSnPh (85, = —28.7)12
and Me;Sn(2-py) (8s, = —52.9).!12 S&
Single crystals of 1a and 1b s:@& or %hral analyses were obtained

from methylene chloride solutions wi e at 4°C. In the crystals of the

two compounds isolated molecul 1tly$§ nusual intermolecular interactions
(shortest distance between no@e 4) A, C5---C19’, 1a; 3.403(3) A,
C9--:N1’, 1b). The molecul ct wn in Figures 1 and 2; selected structural
parameters are given in ﬁlg e tin atoms are tetrahedrally coordinated
by four pyridyl hgan§ arcﬁ?} he tin atoms are all close to 109° (107.0(1) —
111.6(1)° for 1a a for 1b). Within the 3o criterion, the Sn—C bonds

in 1a (2.147(2) — 8,155 @ b (2.148(3) — 2.162(3) A) are of the same length

and, furthermore, of ¢ u en h as the Sn—C bonds in the structurally similar SnPhy

(2.143(5) A).1® \)
In conclu% ont synthesis of Sn(2-py)s (1a) and Sn(6-Me-2-py)s (1b)
described 1n orklgaes easy access to tin homologues of tetrakis(2-pyridyl)methane.
Thus, compaqunds 1a,b are potentially flexidentate N ligands and their action as facially

K3N,N, r%)mdlng tripodal ligands in octahedral complexes or as k>N,N’ coordinating
blde®ﬂe ligands in square-planar complexes can be envisioned.

R

Table 2 Selected '3C NMR spectroscopic parameters of 1a,b (8 in ppm, J in Hz)

8c2 (Usne) 8c3 (Jsnc) ca Clsnc) cs (Jsnc) 8c6 Clsnc)
Sn(2-py)s (1a) 170.2 (687.1) 134.1 (93.4) 134.3 (40.8) 123.2 (14.0) 151.0 (79.7)
Sn(6-Me-2-py)4 (1b) 170.4 (682.2) 131.1 (91.3) 134.0 (41.9) 122.4 (13.8) 158.9 (79.2)
Me3Sn(2—py)2‘) 173.4 (605.5) 131.6 (93.2) 133.4 (37.2) 122.4 (12.0) 150.6 (68.7)

Given for comparison. Values taken from Ref.!

}\.
&
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Q

Figure 1 Molecular structure of Sn(2-py)s (1a). The ellipsoids are shown with a pr(gb ty of 30%. Selected
structural parameters (distances in A, angles in deg): Sn—C1 2.147(2),@49 3\' —C112.155(2), Sn—C16
R C6—§>(3

2.150(2), C1-Sn—C6 111.6(1), C1-Sn—-C11 107.2(1), C1-Sn—C16 1

11 107.0(1), C6-Sn-C16
111.2(1), C11-Sn-C16 108.8(1). .

N\
EXPERIMENTAL . \@"0 6@ (<\
General Comments Q Cb.
N
All reactions were performed in%

N\
n at (Qh @ing standard Schlenk techniques.

The work-up procedures were dg%&u I ic ?a'h tions. Diethyl ether was dried over
Na/benzophenone and freshly digtifled @)r to uﬁg e pyridines were distilled and stored

. (OQQ\Q/
W%

Figure 2 Molecular structure of Sn(6-Me-2-py)s (1b). The ellipsoids are shown with a probability of 30%. Se-
lected structural parameters (distances in A, angles in deg): Sn—C1 2.155(3), Sn—C7 2.148(3), Sn—C13 2.156(3),
Sn—C19 2.162(3), C1-Sn—C7 109.8(1), C1-Sn—C13 108.6(1), C1-Sn—C19 105.3(1), C7-Sn—C13 110.4(1),
C7-Sn—C19 110.4(1), C13-Sn—C19 112.2(1).
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over 4 A molecular sieves at 4°C. NMR spectra were recorded at 27°C with a Varian
Unity 500 spectrometer. Chemical shifts are relative to solvent signals (CDCl3, ég = 7.24,
8c = 77.0) as internal references; §(''°Sn) is referenced to SnMe4. Microanalyses were
carried out by the University of Halle microanalytical laboratory using CHNS-932 (LECO)
elemental analyzer.

Data for X-ray diffraction analyses of single crystals were collected on a Stoe-IPDS
2T diffractometer (1a) and on a Stoe-IPDS diffractometer (1b) at 200 K using Mo Ko radi-
ation (A = 0.71073 A, graphite monochromator). A summary of the crystallographic data

the data collection parameters, and the refinement parameters is given in Table 3. Absorp}\

tion corrections were applied empirically with the PLATON program package'* (Tml
0.61/0.73, 1a; T min/Tmax 0.57/0.93, 1b). The structures were solved with direct %ods
using SHELXS-97' and refined using full-matrix least-squares routines against F2 with
SHELXL-97.'® All nonhydrogen atoms were refined with anisotropic displaqi 1t param-
eters and hydrogen atoms with isotropic ones. H atoms were placed in ¢ ted positions
according to the riding model. CCDC 871145 (1a), 871146 (1 contain?tie supplementary
crystallographic data for this paper. These data can be o@d ﬁ\%f charge from the
Cambridge Crystallographic Data Centre via www. ccd(s{Q ac taJ%q‘uest/mf

o@

Synthesis of SnR, (R = 2-py, 1a; 6 p

9 mmol) or 2-bromo-6-
L) at —78°C a solution of
e within 30 min yielding a dark

To a stirred solution of 2- bromo
methylpyridine (7.38 g, 43.9 mmol
n-BuLi in n-hexane (48.0 mmol, 1. 5 dr

Table 3 Cr @data a trucuf&%ement of laand 1b
o ’0‘ % 1 1b
RPN '\ ?

\Y
Empirical formula @Q C) (1/ CroH16N4Sn; Co4Ho4N4Sn
Formula weight Q_ BN 431.06 487.16
Crystal system @ . Orthorhombic Monoclinic
Space group K Pbca P2/c
a(A) \)\ 5 * 13.7997(8) 11.4532(8)
b (A) {\ OQ 15.6737(6) 11.4657(8)
c(A) Q C) 16.6711(7) 19.395(2)
B(©) % — 118.026(8)
V (A3 \}@ N 3605.8(3) 2248.3(3)
8 4
DCd,c =3 1.588 1.439
" ) (mm~') 1.426 1.153
0) 1712 984
range (°) 2.60-28.00 2.01-25.00
Reflections collected 46200 15855
Reflections observed [I > 20 (1)] 3375 3081
Independent reflections 4358 [Rin: = 0.0352] 3889 [Rin: = 0.0726]
Data/Restrains/Parameter 4358/0/226 3889/0/266
Goodness-of-fit on F> 0.918 0.946
Final R indices [I > 20 (I)] Ry =0.0212 Ry =0.0256
wR, = 0.0483 wR, = 0.0541
R indices (all data) R, =0.0366 R, =0.0386
wR, = 0.0517 wR, = 0.0572

Largest difference peak and hole (e-A~)

0.400 and -0.644

0.513 and -0.325

}\.
&
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red reaction mixture. After stirring at —78°C for 3 h, tin tetrachloride (2.77 g, 10.3 mmol)
was added dropwise resulting in a yellow suspension which was further stirred for 2 h.
After warming to room temperature, the mixture was hydrolyzed with acetone/isopropanol
(1/1; 100 mL) and finally with water (50 mL). The solution was concentrated in vacuo
up to approximately 150 mL. Then, the reaction mixture was extracted with methylene
chloride (3 x 50 mL), the combined organic layers were dried (Na;SO,4) and the solvent
was reduced in vacuo to about 5 mL. After addition of n-pentane (15 mL), white to pale NG
yellow solids were obtained, which were filtered off, washed with n-pentane (2 x 10 mL), ({/\
and dried in vacuo.

Sn(2-py)s (1a). Yield: 1.5 g (34 %). Anal. Calcd. for C,0H;sN4Sn; (431.06 giyol);
C, 55.73; H, 3.74; N, 12.99. Found: C, 55.50; H, 3.48; N, 12.95 %. '"H NMR (5 w z,
CDCl;): § = 7.18 (m, 4H, H° py), 7.56 (m, 4H, H* py), 7.87 (m, 4H, H> py), 8.7 , 4H,
HS py). >*C NMR (125 MHz, CDCl3): § = 123.2 (s+d, *Jsnc = 14.0 Hz y), 134.1
(S+d, zjsn,(j =934 HZ, C3 py), 134.3 (S+d, 3]Sn,C =40.8 HZ, C4 py), 15 ( d, 3an’c =
79.7 Hz, C® py), 170.2 (s+d, Js.c = 687.1 Hz, C? py). ''°Sn NMR (186'MHz, CDCl3): § =

(487.19 g/mol): C, 59.17; H, 4.97; N, 11.50. Found C ,11.32 %. 'H
NMR (500 MHz, CDCl;): § = 2.55 (s, 12H, CH. ,7.42 (m, 4H, H*
py) 7.76 (m, 4H, H? py). 3C NMR (125 MH ®(s, CH3). 122.4 (s+d,
4Jsnc = 13.8 Hz, C’ py), 131.1 (s+d, 2Js ¢ ), 134.0 (s+d, 3Jsc =
41.9 Hz, C* py), 158.9 (s+d, *Jsnc = 79(@ C\Qp 17 s+d, Usnc = 682.2 Hz, C?
py). '"°Sn NMR (186 MHz, CDCl5):

o
S %\
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