Inorg. Chem. 2006, 45, 5073-5083

Inorganic:Chemistry

* Article

Unusual Reaction between (Nitrile)Pt Complexes and Pyrazoles:
Substitution Proceeds via Metal-Mediated Nitrile  —Pyrazole Coupling
Followed by Elimination of the Nitrile

Anatoly V. Khripun, T Vadim Yu. Kukushkin,* T Stanislav I. Selivanov, ' Matti Haukka, * and
Armando J. L. Pombeiro* $

Department of Chemistry, St. Petersburg State.drsity, 198504 Stary Petergof,
Russian Federation, Department of Chemistry, dénsity of Joensuu, P. O. Box 111,
FI-80101 Joensuu, Finland, and Centro de @ioa Estrutural, Complexo I,

Instituto Superior Tenico, Avenue Roisco Pais, 1049-001 Lisbon, Portugal

Received February 10, 2006

The reaction of platinum(IV) complex trans-[PtCl,(EtCN),] with pyrazoles 3,5-RR'pzH (R/R' = H/H, Me/H, Me/Me)
leads to the formation of the trans-[PtCl,{ NH=C(Et)(3,5-RR'pz)} ] (1-3) species due to the metal-mediated nitrile—
pyrazole coupling. Pyrazolylimino complexes 1-3 (i) completely convert to pyrazole complexes cis{PtCly(3,5-RR'pzH),]
by elimination of EtCN upon reflux in a CH,Cl, solution or upon heating in the solid state; (ii) undergo exchange
at the imino C atom with another pyrazole different from that contained in the pyrazolylimino ligand. The reaction
of trans-[Pt"Cl,(EtCN),] and 3,5-RR'pzH, conducted under conditions similar to those for trans-[PtVCI4(EtCN),], is
much less selective, and the composition of the products strongly depends on the pyrazole employed: (a) with
pzH, the reaction gives a mixture of three products, i.e., [PtCl,{ NH=C(Et)pz-«*>N,N}] (4), [PtCl(pzH){ NH=C(Et)-
pz-k*N,N}]CI (5), and [Pt(pzH){ NH=C(Et)pz-«*N,N}]Cl, (6) (complexes 5 and 6 are rather unstable and gradually
transform to frans-[PtCly(pzH),] and [Pt(pzH)4]Cl, and free EtCN); (b) with 3,5-Me,pzH, the reaction leads to the
formation of [PtCl,{ NH=C(Et)(3,5-Me,pz)-«>N,N}] (7) and [PtCI(3,5-Me,pzH);]CI (8); (c) in the case of asymmetric
pyrazole 3(5)-MepzH, which can be added to EtCN and/or bind metal centers by any of the two nonequivalent
nitrogen sites, a broad mixture of currently unidentified products is formed. The reduction of 1-3 with Ph3P=CHCO,-
Me in CHCl3 allows for the formation of corresponding platinum(ll) compounds trans-[PtCl{ NH=C(Et)(3,5-RR"pz)} ;]
(9-11). Ligands NH=C(Et)(3,5-RR'pz) (12-14) were almost quantitatively liberated from 9-11 with 2 equiv of
1,2-bis-(diphenylphosphino)ethane in CDCls, giving free imines 12—14 in solution and the precipitate of trans-[Pt-
(dppe)2](Cl),. Pyrazolylimines 12-14 undergo splitting in CDCls solution at 20—25 °C for ca. 20 h to furnish the
parent propiononitrile and the pyrazole 3,5-RR'pzH, but they can be synthetically utilized immediately after the

liberation.
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The application of nitrile transition-metal complexes for these
purposes has been surveyed in a number of revietvs,
including the ones written by two of us?

As far as nucleophilic addition is concerned, literature up
to this date clearly shows that in the vast majority of cases,
the coordination of organonitriles to metal centers makes their
reactions with nucleophilic reagents favorable, resulting in
versatile imino compounds with new-@\, C—0O, C—C,
C—P, and C-S bonds. The largest number of these studies
is devoted to the creation of a- bond by the addition of
protic HN nucleophiles, where the N atom is in3sp
hybridization (i.e., ammoni&primary and secondary amin€s,
hydrazines} hydroxylamine¥®) and is relevant to hydrolytic
amidation of RCN species (e.g., for metal-catalyzed forma-
tion of amides from nitriles!9).

Despite the wealth of examples of metal-mediated RCN
(sp’)-amine integration, only a limited number of works deals
with the nitrile coupling with the imines HRERR ,1415in
which the nucleophilic N atom is in 8ghybridization. In
addition to the reactions with the imines, one of the recently
emerged and intriguing themes is the application of aza-
heterocyclic systems for the additions to metal-activated
RCN. It is worth mentioning that the significant difference
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Figure 1. Examples of metal-mediated additions of pyrazoles to organo-
nitriles (A), coupling betweenH-indazole and RCN at a Rwcenter B),
7-azaindole and nitriles mediated by ans©lsister C), and between amino-
alkylated adenines and RCN at a'Reenter D).

involvement of the azoheterocycle’s electron pair in aroma-
tization. Thus, the reported studies include some examples
ofthe metal-mediated additions of pyrazoles to organonitfiléés
(Figure 1,A) and three instances of the coupling between
1H-indazole and RCN at a Rucente?® (B), 7-azaindole and
nitriles mediated by an @sluste?® (C), and between amino-
alkylated adenines and RCN at a'Reente?’ (D). With a

rare exceptiod??5coupling with the azaheterocycles has not
been investigated systematically and data on the reactivity

between the azaheterocycles and the imines is the possibl@f newly formed ligandsA—D (Figure 1) has not been
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obtained. However, the listed reports give collateral evidence
that the probability of metal-mediated nitrit@zaheterocycle
integration is rather high for the pyrazole-type systems.
With an interest in the amplification of our worfk&on
the reactions of (nitrile)[M] complexes and various protic
HN nucleophiles to more-complicated and much less studied
heterocyclic systems, we focused our attention on the
reactions between (nitrile)Pt compounds and pyrazoles. Our
aim was (i) to get an easy entry to the seldom-explored
pyrazolylimino moieties; (ii) to clarify the effects of the
oxidation state of the platinum center on the coupling reaction
by comparing our results obtained for"Pand for the
corresponding Pt systems; (iii) to investigate the reactivity
of the iminoacylated pyrazole functionality.
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Unusual Reaction between (Nitrile)Pt and Pyrazoles

Scheme 1

We report herein on the reaction of (nitrile)Pt(IV) and
(nitrile)Pt(Il) complexes with pyrazoles and provide evidence
that substitution of RCN ligands might proceed in an unusual
way via metal-mediated nitritepyrazole coupling followed
by elimination of RCN to furnish (pyrazole)Pt species.

Results and Discussion

Although a great amount of works have dealt with
nucleophilic additions to organonitriles bound té &tnters;
only recently has it been established that & Renter

provides a substantially stronger activation of RCN species,

making reactions that cannot occur at,Ris well as a great
variety of other metal centers, feasible. In fact, platinum(lV)

is currently recognized as being one of the strongest RRpzH)] (R/R'

electrophilic activators of RCN substrates, which allow the
performance of a facile coupling or{3] cycloadditions. ™

For this work, we addressed the kinetically inert (relative to
other nitrile metal compounds) (nitrile)Pt(1V) and (nitrile)-
Pt(l) complexes [PtG(EICN)] (n = 4, 2), which proved

to be superior models for investigations of the additions to
nitriles; on the other hand, we studied pyrazoles 3,3eRR

Scheme 2

NMR integration); the latter complex presumably formed as
a result of a partial thermal isomerization of the former one,
in accord with our earlier data on these comple®e8.
Moreover, we also found that imino complexés3 com-
pletely convert to known pyrazole complex@s{PtCly(3,5-
H/H, Me/H, Me/Me) by elimination of
EtCN (detected by'H and 3C{*H} NMR, e.g., 13C{*H}
NMR, 6: 121.1 (EEN)) upon reflux on stirring for +44 h
(or within 20—120 h at room temperature) in a &,
solution (Scheme 1, Route B).

Although nitrile—pyrazole type heterocycle coupling has
been reported in a number of pap&<® in most of these
works, their authors exclusively described synthetic experi-

(R/R = H/H, Me/H, Me/Me) with various degrees of ments and only a few attempts were made to suggest a
substitution to investigate the influence of the substituent plausible mechanism of this unusual conversion. Thus, all
on the proceeding reactions. The choice of propiononitrile documented examples of the coupling include the formation

complexes is explained by the fact that the Et group in [PtCI
(EtCN),] provides a rather good solubility of the plati-
num(IV) complex in nonpolar solvents, contrary to the poorly
soluble, although more common, [P¥&®CN),] (R = Me,
Ph).

Pyrazole—Nitrile Coupling at a Pt(IV) Center. The
reaction oftrans-[PtCl,(EtCN),] and pyrazoles 3,5-RRzH
in a CH.CI, suspension occursf@ h atroom temperature
and leads to the formation of thieans[PtCl,{ NH=C(Et)-
(3,5-RRpz)} ;] (1—3) species (Scheme 1, Route A).

Increasing the reaction time betweeans[PtClL(EtCN),]
and 3,5-RRozH (42, 122, or 22 h for R/R= H/H, Me/H,
or Me/Me, respectively; the reaction time depends mostly
on the solubilities of the complexes) or carrying out the
reaction under harsh conditions (reflux for25 h) or under
treatment with focused 200 W microwave irradiation for
0.5—12 h leads to the formation afs{PtCl4(3,5-RRpzH),]
(Route C) with no traces of—3. However, the resulting
cis{PtCly(3,5-RRpzH);] complex is contaminated with the
appropriaterans{PtCl,(3,5-RRpzH),] (ca. 10:1 ratio by*H

of solely chelated complexes (Figure A,andB) and this
fact allowed the assumptigt? of an intramolecular mech-
anism of the reaction when a pyrazole coordinates (via the
pyridine N atom) to a metal center in the adjacent position
to a metal-bound nitrile (Scheme 2, A) followed by the
coupling between the electrophilically activated RCN and
the NH pyrrole site of the heterocycle. This approach has
certain conceptual problems insofar as the pyrrole NH moiety
does not exhibit nucleophilic properties because of the
involvement of the electron pair at the N atom in the aromatic
system. To avoid these difficulties, another group of autfors
suggested that deprotonation of the pyrrole group, leading
to the appearance of the nucleophilic site, advanced the
coupling (Scheme 2, B).

Our experiments with the (nitrile)Ptcomplex indicate
that the coupling might proceed in an intermolecular way to
form open-chain speciek-3. Indeed, the formation of the
chelated NH=C(R)pz+«2N,N ligand followed by the ring-
opening is hardly probable at a very kinetically inertVPt
center. On the basis of these and the preVifoésobserva-
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Scheme 3

Scheme 4

tions, we assume that both intra- and intermolecular pathsF). In acetoneds (reaction E) and in CEDD (reaction F),
for the reaction are possible and that their occurrence dependsve also succeeded to detect EtCN by the NMR method.
on the electronic configuration of the metal center employed  Earlier, Cinellu et af? reported that the interplay between
and its kinetic lability/inertness. We suggest that, in the case pzH and [PtCi(PhCN)] leads to a mixture of knowtrans-

of the Pt system, the reaction with the pyrazoles proceeds [PtCl,(pzH),]*° and the coupling product [Pt§NH=C(Ph)-

via the nucleophilic attack of the pyridine N atom followed pz+«2N,N}], which was characterized by spectroscopic meth-
by H-transfer (either from the pyrrole NH site or by the ods. By investigation of a similar system but with a less-
solvent-assisted path) to the Pt-bound iminato group formed electron-deficient nitrile (EtCN), we succeeded in identifying
upon the addition. other products of the reaction and confirming unambiguously,

Pyrazole—Nitrile Coupling at a Pt(ll) Center. The by X-ray diffraction (see later), the formulation of [PtCl
reaction of the platinum(ll) completans[PtCl(EtCN),)] {NH=C(R)pz«?N,N}]. All the more important that we
and pyrazoles 3,5-RpzH was carried out under conditions  observed that pyrazole complexgans[PtCl(pzH),] and
(CHLCIp, 20-25 °C, 2 h) similar to those described above [Pt(pzH)]CI,?%2%3*might originate from the elimination of
for the platinum(lV) complextrans[PtCls(EtCN))]. It ap- EtCN from the initially formed imino compounds; this
pears that being conducted at the more kinetically labile Pt elimination will be discussed later in this article.
center (relative to the Ptcenter) makes the reaction much Furthermore, treatment afans[PtClL(EtCN),] with the
less selective; in addition, the composition of products most sterically demanding pyrazole (3,5-)eH) leads to
strongly depends on the pyrazole employed. the formation of two complexes, [P&NH=C(Et)(3,5-

In the case of the unsubstituted pyrazole, the reaction Mepz)+«2N,N}] (7) and [PtCI(3,5-MgpzH),]Cl (8) (Scheme
betweerntrans[PtCL(EtCN)] and pzH in a 1:1 molar ratio  4). The latter presumably formed as a result of the de-
gives a mixture of three products, i.e., [PHNH=C(Et)- composition of [Pt(3,5-MgzH),{ NH=C(Et)(3,5-Mepz)-
pz+2N,N}] (4), [PtCl(pzHY NH=C(Et)pz+>N,N}]CI (5), and
[Pt(pzHY{ NH=C(Et)pz+2N,N}]Cl, (6) (Scheme 3, Route  (28) Khripun, A. V.; Selivanov, S. I.; Kukushkin, V. Yu.; Haukka, Morg.

) ot ; Chim. Acta200§ 359, 320.
.D)’ variation of the. mOIar ratio of the reaCta.‘ntS. does not (29) Khripun, A. V.; Haukka, M.; Kukushkin, V. YuRuss. Chem. Bull.
improve the selectivity of the coupling/substitution. Com- 2006 242.

plexes5 and6 are rather unstable and gradually transform (30) é?]n Krfggge;,?%- G.; de Ridder, J. K.; Reedijk,Tdansition Met.
. . . em. 3 .

(2 days in acetone or MeQH sollutlons, respectively) to the (31) Minacheva, L. Kh.; Fedotova, T. N.: Kuznetsova, G.24. Neorg.

pyrazole compounds depicted in Scheme 3 (routes E and ~ Khim. 2001 46, 240.
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Scheme 5

«®N,N}](Cl),, which is, unlike analogous compoungl Thus, in the first step, the reduction df3 with a 1.2-
substantially less stable, probably because of the stericfold excess of P#P—=CHCO,Me at room temperature in
hindrance of the ligands. Finally, in the case of asymmetric CHCI; (by the previously reported procedéfeallows for
pyrazole 3(5)-MepzH, which can be added to EtCN and/or the formation of the corresponding platinum(ll) compounds
can bind metal centers by any of the two nonequivalent trans[PtCl.{ NH=C(Et)(3,5-RRpz)},] (9—11) (Scheme 5,
nitrogen sites, a broad mixture of yet unidentified products Route G) along with phosphorus-containing species. The
is formed. latter were separated and, consequeBtyl1 were purified
Thus, the described results from this and from the previous by fast washing with cold MeOH and the complexes were
section show that the coordination mode of the pyrazolyl- obtained in 65-85% isolated yields. These complexes are
imino species depends on the oxidation state of the Pt centersrather stable; only on being kept in CQQr acetoneds
In the case of Ptcomplexes, contrary to in Ptsystems, solution for 1 day {1) or 1 or 2 months § and 10,
there appears to be an explicit tendency toward the bidentaterespectively) at 2625 °C do they gradually decompose to
coordination mode; earlier, we observed this tendency for give a mixture oftrans-[PtCL(EtCN),], the free pyrazole,

other system&*32 and the chelated compounds 7 for R/R = H/H, Me/Me),
Liberation of the Imino Ligands from the Platinum or compounds similar to those depicted in Schemes 3 and

Complexes. Although metal-mediated coupling between 4.

azaheterocycles and nitriles has already been obsé&ivéd, In the second step, ligands NHC(Et)(3,5-RRpz) (12—

in all the reported instances, the reaction results in the 14) were almost quantitatively liberated from complexes
formation of the chelated pyrazolylimino species (Figure 1); 9—11 with 2 equiv of 1,2-bis-(diphenylphosphino)ethane
these should be rather inert toward substitution (see, for (dppe) in CDC} (Scheme 5, Route H), giving free imines
example, ref 33), and no attempts for liberation of NH  12-14in solution and the precipitate of well-knowrans-
C(Et)(3,5-RRpz) were undertaken. In our case, the formation [pt(dppe)](Cl), (3P{*H} NMR in CDCl;, ppm: 48.4 Jpi_p
of open-chain rather than chelated ligands gives better = 2348.5 Hz% 45.7,Jp.p = 2360.5 Hz); the latter complex
potential opportunities for their substitution, and we decided s separated from the reaction mixture by filtration. Identi-
to explore this route for the preparation of these yet unknown fication of 12—14 (JUPAC name: 1-(3,5-RR1H-pyrazol-
compounds by the displacement of MIE(Et)(3,5-RRpz) 1-yl)propan-1-imine) in solution was done by bdth and
from their Pt(IV) and Pt(ll) complexes. 13C{1H} NMR (see Experimental Section).

The endeavor of the liberation of imines RIC(E1)(3,5- The latter methods also indicate that free imines=NH

RRpz) from Pt complexesl—3 with an excess of pyridine ¢ (gy)3 5 RRpz), having a restricted lifetime, undergo the
in CHCls, by the known methoé was not successful insofar splitting in a CDC} solution at 26-25 °C for ca. 20 h to

as the treatment o1—3 with CsHsN results in a broad ¢, ish the parent propiononitrile and pyrazole 3,545
mixture of unidentified species. However, we succeeded in (Scheme 5, Route I). An addition&H NMR experiment

performing the liberation stErting from the correspondingy Pt shows that EtCN does not react with the pyrazoles under
complexesirans[PtCL{NH=C(E{)(3,5-RRpz)}5]. the reaction conditions or under even more drastic conditions

(32) Bokach, N. A.; Kuznetsova, T. V.; Simanova, S. A.; Haukka, M,;

Pombeiro, A. J. L.; Kukushkin, V. Yunorg. Chem 2005 44, 5152. (35) Wagner, G.; Pakhomova, T. B.; Bokach, N. A.; Fimuda Silva, J. J.
(33) Cotton, S. A.Chemistry of Precious Metgl8lackie Academic & R.; Vicente, J.; Pombeiro A. J. L.; Kukushkin, V. Ylnorg. Chem.
Professional: London, 1997; p 173. 2001, 40, 1683.
(34) Wagner, G.; Pombeiro, A. J. L.; Kukushkin, V. Yd.. Am. Chem. (36) Anderson, G. K.; Davies, J. A.; Schoeck, Dinbrg. Chim. Actal983
Soc.2000 122, 3106. 76, L251.
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Scheme 6

(45°C, 7 days) and all these observations together support
the idea that the coupling between the nitrile and the
pyrazoles is metal-mediated.
Reactivity of the Pyrazolylimine Ligands. We have
described above that 'Ptand P¥ complexes bearing the
pyrazolylimino ligands undergo further conversion to the
(pyrazole)Pt compounds and EtCN (Schemes 1, 3, and 4) in
solution. We also found that this type of conversion occurs
in the solid state. Thus, TG/DTA measurements of imino Figure 2. Thermal ellipsoid view of2 with atomic numbering scheme.
complexesl—3 and9—11 display a mass-loss (see Experi- Thermal ellipsoids are drawn at the 50% probability level. Selected bond
mental Section) that corresponds to the elimination of 2 equiv '(‘;“39;“; 551)5?7”)"’ g’;g"éﬁl(g‘fg%:z(';"(t%"1pztff\’ﬁ5(27.é5%t(*z)cy'%31;3,\}3?32(.73'52’;3*)’
of EtCN per molecule; occurrence of the elimination was N1—C1 1.343(4), N:-N2 1.360(4), N3-C6 1.339(4), N3-N4 1.360(3);
proved by condensation of the evolving gaseous products,N1—-Pt1-N3 90.36(10), CI+-Pt1-CI3 90.68(3), Cl2-Pt1-Cl4 175.21(3),
followed by NMR monitoring of the condensate. In synthetic Nl—Pt_l—Nl# 180.0. Symmetry transformations used to generate equivalent
. . . . atoms: #x+1,-y+1,—-z+ 1.
experiments, heating of platinum(lV) complexes3in the
solid phase at 150170°C leads to the quantitative formation
of the knowr®2° cis{PtCl4(3,5-RRpzH),] species, which,
on further heating, isomerize to the trans isomers. In the case
of platinum(ll) complexe9—11, formation of [PtC}(3,5-
RR'pzH),],?2¢*°which was identified by both TLC and NMR
methods, proceeds concurrently with the complex’s decom-
position to give a mixture of products.
A relevant observation was made when we treated a
suspension of—3 in CDCl; with excess of another pyrazole
(other than that contained in the pyrazolylimino ligand) and
observed an exchange of the pyrazole group as depicted in
Scheme 6. This exchange at the imino C atom resembles
that observed earlier at Fischer type carbene lig&hdafor-
tunately, poor solubility of the Pt complexes prevents us
from performing a qualitative study of this kind of exchange.
It is worth noting that our observations match well with
those reported by Oro et &f who investigated polynuclear

Ir/Ag complexes with pyrazolylimino ligand NHC(Me)- o - | ellinsoid vi @ with . beri A
H H H i ijgure o. ermal ellipsoia view o with atomic num ering scheme.

(pZ) and found ,that the imino moiety in GON exhibits an Thermal ellipsoids are drawn at the 50% probability level. Selected bond
exchange to give the metal-bound ME(CDs)(pz). The lengths (A) and angles (deg): PtAEI(1) 2.306(2), Pt(1) CI(2) 2.298(2),
latter data, along with the experiments disclosed in this Et((ll))—ll\lz(%))(é-)95’%\15(%?b?ltgl-l)l2815)( 91).9<9:€(5f))<': (l;l)(Zlleég)(ltft?’\?((;)\,Pl\l((ll)t

. - . - ) ) , . , . ; t
article, |nd|_cate a substantial Iat_nhty of the MC(R")- N(L) 79.0(2), CI(2)-Pt(1)-CI(1) 90.63(7). N(2¥N(3)-C(1) 117.2(6),
(RR'pz) moiety and that the formation of pyrazole complexes N(1)-c(1)-N(3) 113.0(6), N(1}C(1)-C(2) 129.0(7).

[PtCl4(3,5-RRpzH)] in the reaction betweetrans[PtCl,-
(EtCN)] and 3,5-RRpzH (Scheme 1, Route C) might
proceed via the formation of imino complexés3 (Route

A) éﬁllowed _by ¢I|m|r}atr:oncof ET.CN éROdUte B)'.rh chain ligands HN=C(Et)(3-Rpz), whereas structuderep-
ar?c'?er!zatlorrvo t eF_ oup glg :jo :JCFS' ?ISUUQC' resents the first structurally characterized platinum complex
tures of platinum(1V) ) (Figure 2) and platinum(ii)4, 9, with chelating ligand NH=C(Et)pz+?N,N.
(37) de Meijere, A.; Schirmer, H.; Duetsch, Mngew. Cherp.int. Ed. .The coordination polyhedra of the complexes are slightly
200Q 39, 3964. Sierra, M. AChem. Re. 2000,100, 3591. distorted octahedra and square planes. In complgx8s

and10) complexes (Figures-35) were determined by X-ray
single-crystal diffraction; one should notice that structures
2,9, and10 are the first examples of complexes with open-
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Figure 6. Intermolecular hydrogen bonding it0. N1-H1 = 0.88 A,
H1--N3# = 2.25 A, NI--N3# = 3.063(3) A, NE-H1---N3# = 152.6.

and angles around the Pt center are notfralid in a good
agreement with those previously found in platinum(lV) and
platinum(ll) compounds of type [PtEINH=C(R)R},] (n

= 4, 2)143239The C=N bond lengths (1.271.29 A) in all
complexes correspond to the mean value of tseNQlouble
bonds (1.279 A). It should be noted that i@ and 10, the
asymmetric pyrazole 3(5)-MepzH adds to the nitrile=@®
group through théN atom that is the most remote from the
methyl group of the heterocycle; the addition via this atom

Figure 4. Thermal ellipsoid view o with atomic numbering scheme. ; ; ; _ ;
Thermal ellipsoids are drawn at the 50% probability level. Selected bond matches well with the coordination of 3(5) MepzH via the

lengths (A) and angles (deg) (there are 2.5 Pt molecules in the asymmetricSaMe site to a variety of metal centéts!

unit (labels A, B, and C, respectively): PtN12.011(4), Pt+N4 2.016(4), The arrangement of the'Rtomplexes$ and10) deserves
Pt1—CI1 2.3021(13), Pt&CI2 2.3096(13), Pt1(ByN4(B) 2.009(4), Ptl-

(B)—N1(B) 2.020(4), Pt1(ByCI1(B) 2.3019(13), PHi(BYCI2(B) 2.3103(13), ~ Separate comments. Thus, 0 (Figure 6), the nearest
Pt1(C)-N1(C) 2.005(4), Pt1(G)CI1(C) 2.3083(13), Pt1(B)N1(D) 2.021(4), molecules are linked by complementary-N---N interac-

Ptl(D)zgll(D) 2.3047(13); (N)fPtl—N“ 176.86(16), C(lif';tl—ICQ tions between the N imine moiety of one molecule and
179.17(5), N+-C1-N2 119.8(4), N4B-Pt1B-N1B 177.44(16), CI1B- . . :
Pt1B—CI2B 178.31(5), N1B-C1B—N2B 119.9(4), N1G-Pt1C-N1C#1 the N pyrazole atom of the neighboring molecule with a

180.0, CI1G-Pt1C-CI1C#1 180.0, NIEC1C—N2C 119.8(4). Symmetry  distance of 3.063(3) A, forming sinusoid infinite chains. In

transformations used to generate equivalent atomsx#- 1, -y, —z + the other Pt complex @), the intermolecular NH+:*N

L interactions are weaker, with-NN distances of 3.342(5)
3.593(5) (see the Supporting Information, Figure S1), but
give the same chainlike array. It is curious that in the related
PtV complex 2, two additional Cl atoms destroy this
H-bonding scheme (see the Supporting Information, Figure
S2).

It is worthwhile to mention that currently there is an
intense interest in the formation of array systems containing
transition-metal centers linked by hydrogen bonding from
metal-bound species. The real challenge in this field is the
design of synthons having a number of well-oriented
hydrogen-bond donors and acceptors within one mol-
ecule?®4? From this viewpoint, in9 and 10, Pt'-bound
iminoacylated pyrazoles bearing one imino H atom and one

(38) Holloway, C. E.; Melnik, M.Rev. Inorg. Chem.2004 24, 328.
Holloway C. E.; Melnik, M.Rev. Inorg. Chem?2003 23, 197. Orpen,
A. G.; Brammer, L.; Allen, F. H.; Kennard, O.; Watson, D. G.; Taylor,
R.J. Chem Soc, Dalton Trans 1989 S1. .
Figure 5. Thermal ellipsoid view ofl0 with atomic numbering scheme. ~ (39) Bokach, N. A.; Kukushkin, V. Yu.; Kuznetsov, M. L.; Garnovskil,
Thermal ellipsoids are drawn at the 50% probability level. Selected bond E A Natl:?,\?:,KPc')(mbﬁlgo, \A/‘ i L_.I;Eorg. ?hem'\iOEZ_ él' 2041k"
lengths (A) and angles (deg): PtdN(1) 2.011(2), Pt(1)-CI(1) 2.3072(7), D“ZX?ﬂgh ke M _“Pgrsnbgi‘r'o " j-'Un‘éZr”ecsﬁg;n 200 41’"28;? fh
N(1)—C(1) 1.275(3), C(13C(2) 1.491(4), C(1)¥N(2) 1.396(3); N(1)-Pt- I e e J ; ’ i
Wagner, G.; Pombeiro, A. J. L.; Kukushkin, Yu. N.; Pakhomova, T.
(1)—CI(1) 91.74(6), CI(1)-Pt(1)-CI(1A) 180.0, C(1}-N(1)—Pt(1) 128.6(2), ; ) - -
. ? B.; Ryabov, A. D.; Kukushkin, V. Yulnorg. Chim. Actal999 292,
N1—-Pt1—-N1# 180.0. Symmetry transformations used to generate equivalent 272. Luzyanin, K. V.; Kukushkin, V. Yu.; Kuznetsov, M. L.; Ryabov,

atoms: #1-x+ 1, -y, —z+ 1. A. D.; Galanski, M.; Haukka, M.; Tretyakov, E. V.; Ovcharenko, V.

L . I.; Kopylovich, M. N.; Pombeiro, A. J. LInorg. Chem 2006 45,
and10, the two open-chain imino ligands are mutually trans 2296. Luzyanin, K. V.; Kukushkin, V. Yu.; Ryabov, A. D.; Haukka,
and in theE configuration. In4, two Cl atoms occupy the M.; Pombeiro, A. J. Linorg. Chem 2005 44, 2944.

. .. . . . (40) Allen, F. H.; Kennard, O.; Watson, D. G.; Brammer, L.; Orpen, A.
cis positions and the other two coordination positions are G.; Taylor, R.J. Chem Soc, Perkin Trans. 21987, S1.

filled with N atoms from the imine and pyrazole moieties (41) 2C005tt5or\i38- ﬁ-:,ifraFncI';eviSiuks, A _Faw'gett,g!olyn\(edéonZZO?(z 21, )
. 2 H . rucnnik, . ., JakKimowicz, . uniK, Z.; Zakrzewska-
of the chelating NH=C(Et)pz«“N,N ligand. In the structur- Czerwinska, J.; Opolski, A.: Wietrzyk, J.; Wojdat, Biorg. Chim.

ally characterized complexes, the values of all bond distances  Acta2002,334, 59.
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Figure 7. Self-assembly of a 2\sbiimidazolate transition-metal complex.

pyridine type—N= atom provide a novel and useful system
for self-assembly that resembles those of-Bjinidazolate

Khripun et al.

(for pzH) and protons from the Me groups (for 3,5-}eH)

are equivalent because of the tautomeric exchange of the
NH protorf®4%in solution. However, these protons become
nonequivalent upon coupling of the azaheterocycles with the
organonitrile, and the complexes display two peaks from
these distinct hydrogens. The assignment of signals of the
pyrazole fragments in all complexes was made by analogy
with the spectra of the free pyrazoles and their Pt(IV) and
Pt(Il) complexe&®2® and on the basis of the multiplicity.
BC{H} and*Pt NMR spectra of platinum(lV) compounds
1—3and platinum(ll) chelate4, 5, and7 were not measured

transition-metal complexes (Figure 7), which were success-pecause of their low solubility and instability due to the

fully employed as excellent building blocks for crystal-
engineering purposes.

In addition to the X-ray structural data, formulation of
complexe{ NH=C(Et)(3,5-RRpz} Pt(IV) and{ NH=C(Et)-
(3,5-RRpz Pt(Il) (1—4, 6, 7, and9—11) was supported by

elimination of EtCN in the most-common organic solvents.
However, platinum(ll) complexe3—11 bearing open-chain
ligands and chelaté exhibit higher solubility. Signals of
the imino carbons were detected in the range of-1886
ppm for compoundS8—11(171.3 ppm in the case of chelate

the satisfactory C, H, and N elemental analyses and theg); the assignment of signals was made through HSQC

expected molecular ion and fragmentation patterns in FAB
mass spectra for complexés 7 and9—11. In the IR spectra,
the absence of €N stretching vibrations, the presence of
»(N—H) bands (32963232 cnt?) from the imino group,
and characteristic strong vibrationsigfC=N) (1650-1627
cmY) were recognized. The fingerprint areas for all 10

experiments. In thé®Pt NMR spectra, all Ptcomplexes
and9—11 exhibit only one signal in the range-2355 for6
and from—2105 to—2073 ppm for9—11) specific for Pt
species.

Final Remarks. The results from this work may be
considered from a few perspectives. First, the reactions

compounds, in number of peaks, their position, and intensity, gescribed here provide a convenient method for the synthesis

are similar to those of noncoordinated 3,5'B&H in these
ranges.
NMR data confirmed the formation of the coupling

of pyrazolylimino species, which, to the best of our
knowledge, were previously known only for RMC(Ar)-
(3,5-RR'pz) /¢ although O-acyl pyrazoles are quite com-

prOdUCtS formed via the addition of the pyraZOIG to the nitrile morf”48and efﬁcienﬂy app“ed as useful Synthons in Organic

N=C group. ThéH NMR spectra ofl—7 and9—11 show a

broad signal, displayed in the range from 9.5 to 11.0 ppm,

attributable to the imino N proton presumably involved in
H-bonding in solutiort* Compared to théH NMR spectra
of the starting reactants (3,5-RizH and [PtCJ(EtCNY),]),

synthesis.

Second, we found explicit evidence that platinum centers
provide stabilization of the potentially unstable pyra-
zolylimines and these ligands can be “stored” without
changes in the coordinated formin-3 and9—11 at normal

most of signals, especially those that correspond to the congitions for a prolonged time and then substituted when

pyrazole fragment, in the spectra bf7 and9—11 display

a low-field shift, which increases from the open-chaifl Pt
(9—11) to the open-chain Ptcomplexes 1—3); the largest
shift was observed for the platinum(ll) chelates-{7). In
the 'H NMR spectra of free pyrazoles,2knd H protons

(42) Desiraju, G. RCrystal Engineering: The Design of Organic Solids
Elsevier: Amsterdam, 1989. Desiraju, G. Agew. Chemlnt. Ed.
1995 34, 2311. Desiraju, G. Rl. Mol. Struct2003 656, 5. Desiraju,
G. R.Acc. Chem. Re2002 35, 565. Braga, DChem. Commur2003
2751. Braga, D.; Maini, L.; Polito, M.; Scaccianoc, L.; Cojazzi, G.;
Grepioni, F.Coord. Chem. Re 2001, 216-217, 225. Braga, DJ.
Chem. Sog¢Dalton Trans 200Q 3705. Braga, D.; Grepioni, NATO
Sci. Ser., Ser. @999 519 173; Chem. Abstr1999 130, 223308.
Braga, D.; Grepioni, F.; Desiraju, G. Rhem. Re. 1998 98, 1375.
Batten, S. R.Curr. Opin. Solid State Mater. ScR001, 5, 107.
Melendez, R. E.; Hamilton, A. DTop. Curr. Chem1998 198 97.
Hofmeier, H.; Schubert, U. £hem. Soc. Re2004 33, 373. Hardie,
M. J.; Raston, C. LJ. Chem. So¢cDalton Trans 2000 2483. Steed,
J. W.; Atwood, J. L.Supramolecular ChemistryJohn Wiley:
Chichester, U.K., 2000.
Tadokoro, M.; Nakasuji, KCoord. Chem. Re 200Q 198 205.
Tadokoro, M.; Kanno, H.; Kitajima, T.; Shimada-Umemoto, H.;
Nakanishi, N.; Isobe, K.; Nakasuji, Kroc. Natl. Acad. Sci. U.S.A.
2002 99, 4950. Tadokoro, M. Molecular Designs for Self-Organized
Superstructures. IDekker Encyclopedia of Nanoscience and Nano-
technology Schwarz, J. A., Contescu, C. |., Putyera K., Eds.;
Dekker: New York, 2004; pp 20572066.
(44) Breitmaier, EStructure Elucidation by NMR in Organic Chemistry:
A Practical Guide John Wiley: Chichester, U.K., 2004.

(43)
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necessary. Thus liberated reactive imines=NE{Et)(3,5-
RR'pz), which are rather unstable and gradually split to EtCN
and 3,5-RRozH, can be, in principle, immediately used in
situ for further reactions; we felt this methodology warrants
investigation. An example of this strategy for synthetic
utilization of imines upon their liberation was given by us
earlier!®

Third, from the work reported herein it is clear that the
coordination mode of the pyrazolylimine species formed
during the Pt-mediated nitrile-pyrazole coupling depends on
the oxidation state of the metal. In the case dfdetmplexes,
there appears to be an explicit tendency toward the bidentate
coordination mode; this tendency we observed earlier for

(45) Cano, M.; Campo, J. A.; Heras, J. V.; Lafuente, J.; Rivas, C.; Pinilla,
E. Polyhedron1995 14, 1139. Minkin, V. |.; Garnovskii, A. D;
Elguero, J.; Katritzky, A. R.; Denisko, O. VAdv. Heterocycl. Chem.
2000Q 76, 157.

(46) Shroff, J. R.; Bandurco, V.; Desai, R.; Kobrin, S.; CervoniJ fMed.
Chem.1981, 24, 1521.

(47) Stanovnik, B.; Svete, &ci. Synth2002 12, 15.

(48) Claramunt, R. M.; Sanz, D.; Alkorta, |.; Elguero, J.; Foces-Foces, C.;
Llamas-Saiz, A. LJ. Heterocycl. Chem2001, 38, 443. Khan, A;
Neverov, A. A.; Yatsimirsky, A. K.; Brown, R. SCan. J. Chem1999
77, 1005. Foces-Foces, C.; Saiz, A. L. L.; ElgueroHgterocycl.
Commun.1999 5, 137.
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other system&!%?In addition, the monodentate coordination line width is given in parentheses. The microwave irradiation
at a PY center, when all conditions for the formation of the experiments were undertaken in a focused microwave Minotavr 2
stable 5-membered rings are favorable, seems to be a generdFUMEX, St.Petersburg) reactor (power 200 W) fitted with a
phenomenon for platinum(lV) complexes. We anticipate that rotational system.

the stability of the PY complex with two monodentate ~ Synthetic Work. Coupling of Pyrazoles and the Ligated
pyrazolylimines is greater than that with the chelatecsNH ~ Nitriles in trans-[PICl4(EICN);]. A solution of trans[PtCl-
C(Et)(3,5-RRpz)+«?N,N ligand containing only one imino (ECN)] (31 mg, 0.07 mmol) and any of the pyrazoles 3,5:puki

X . (0.14 mmol) in CHCI, (5 mL) is vigorously stirred at room
gr'oup. ar.Id than that with two of such chelated ligands temperature for 2 h, whereupon the yellow precipitate formed is
(dicationic complex).

filtered off, washed with three 3 mL portions of M&O and three
Forth, nitrile transition-metal complexes are common and 3 mL portions of EO, and dried in vacuo at room temperature.
useful starting materials for preparation of other metal- The yield of 1-3 is 70-96%. On heating in the solid state
containing compounds by substituti#fin particular, (RCN)- complexes]1—3 change their colors from pale yellow to dark yellow
[M] Species are often emp|oyed for the preparation of at140-170°C. TG curves: {) mass loss is 20.1% at 182 (calcd

(pyrazole)[M] complexe® (in general) and (pyrazole)Pt mass loss for-2EtCN is 18.9%),2) mass loss is 19.7% at 168
complexe® (in particular). It is clear from the results of ~(Calcd mass loss for2EICN is 18.0%), §) mass loss is 18.3% at

this work that the substitution of nitriles with pyrazoles might +39°C (calcd mass loss for2EtCN is 17.2%). The solubility and
. . - . stability of 1—3 in the most common deuterated solvents is
proceed in a nonconventional way via metal-mediated RCN-

3 5.RRpzH lina foll d by eliminati fRCN f insufficient to measure the#®C{H} and®*Pt NMR spectra.
~=-RRpzH coupling followed by elimination o rom trans{PtCl{ NH=C(Et)pz} 5] (1). Yield: 83%. Anal. Calcd for

the initially formed metal-bound imines. Hence, previous CioHiNeClPE C, 24.71: H, 3.11: N, 14.41. Found: C, 24.96: H,
works on the synthesis of pyrazole complexes by the 319: N, 14.48. FAB-MS, miz 579 [M — 2H]*, 543 [M — CI —
displacement of RCN ligands should be thoroughly revisited 4H]+, 443 [M — 4Cl + 2H]*. IR (selected bands, c#): 3245 w
and the possibility of the consecutive coupling and elimina- [v(N—H)], 1638 and 1539 sifC=N + C=C)]. H NMR (CDCl,,
tion should be taken into account upon further studies. 0): 1.58 (t,J = 7.5 Hz, 3H) and 3.64 (¢J = 7.5 Hz, 2H) (Et),
6.60 (dd,J = 1.8 and 3.0 Hz, 1H!CH), 7.88 (d,J = 1.8 Hz, 1H,
3CH), 7.94 (dJ = 3.0 Hz, 1H5CH), 10.02 (br, 1H, NH)*H NMR
((CDy),CO, d): 1.51 (t,J = 7.5 Hz, 3H) and 3.73 (q] = 7.5 Hz,
Materials and Instrumentation. Solvents, pyrazoles, 1,2-bis-  2H) (Et), 6.78 (dd,J = 1.8 and 3.0 Hz, 1H/CH), 8.06 (d,J = 1.8
(diphenylphosphino)ethane (Aldrich), and;P+CHCOMe (Lan- Hz, 1H,3CH), 8.62 (dJ = 3.0 Hz, 1H,5CH), 9.99 (br, 1H, NH}H
caster) were obtained from commercial sources and used asNMR ((CDs),SO,d): 1.37 (t,J = 7.5 Hz, 3H) and 3.61 (q) =

received. Complexasans [PtCIL(EtCN),] (n = 2, 4) were prepared 7.5 Hz, 2H) (Et), 6.83 (dd) = 1.8 and 3.0 Hz, 1H/CH), 8.18 (d,
as previously described.C, H, and N elemental analyses were j — 1.8 Hz, 1H,3CH), 8.71 (d,J = 3.0 Hz, 1H,5CH), 9.71 (br,

performed at the Analytical Chemistry Laboratories at the St. 14 NH).

Petersburg State University. TG/DTA studies were performed using trans{PtCl { NH=C(Et)(3-Mepz)} ;] (2). Yield: 96%. Anal.

a Mettler Toledo TGA850 instrument (temperature range from 20 ~gicd for GuHNCLPt: C, 27.51: H, 3.63: N, 13.75. Found: C,
to 1000°C with a heating rate of 8C/min, air flow of 3 L/h, and 27.66; H, 3.69; N, 13.44. FABMS, m/z. 613 [M + 3H]*, 541

a sample mass of-510 mg in an aluminum crucible; the buoyancy [M — 2Cl + H]*, 506 [M — 3Cl + H]*, 468 [M — 4Cl — H]*. IR
correction for the TGA was done by measuring a blank). For TLC, (selected bands, c): 3247 w p(N—H)], 1628 and 1561 s
Merck UV 254 SiQ plates have been used. Positive-ion FAB mass [¥(C=N + C=C)]. H NMR (CDCls, 9): 1.54 (t,J = 7.4 Hz, 3H)
spectra were obtained on a Trio 2000 instrument by bombarding 444 356 (qJ = 7.4 Hz, 2H) (Et), 2.38 (s, 3H, Me), 6.37 (d, H,

Experimental Section

3-nitrobenzyl alcohol (NBA) matrixes of the samples with 8 keV
(ca. 1.28x 10 J) Xe atoms. Mass calibration for data system
acquisition was achieved using Csl. Infrared spectra (4000

= 2.8 Hz, 1H,“CH), 7.80 (d,J = 2.8 Hz, 1H,5CH) and 9.84 (br,
1H, NH). IH NMR ((CDs);S0, d): 1.35 (t,J = 7.4 Hz, 3H) and
3.55 (q,d = 7.4 Hz, 2H) (Et), 2.35 (s, 3H, Me), 6.66 (d, H,=

cm™1) were recorded on a Vector 22 (Bruker) FTIR device at 298 5 g 4, 1H 4CH), 8.57 (d,J = 2.8 Hz, 1H,5CH) and 9.47 (br, 1H

K in KBr pellets. H, 13C{'H}, and %Pt NMR spectra were

measured on a Bruker-DPX 300 spectrometer at ambient temper-

ature. %Pt chemical shifts are relative to PJRtCls] (by using

NH).
trans{PtCl ,{ NH=C(Et)(3,5-Meypz)} ;] (3). Yield: 70%. Anal.
Calcd for GgH26NsClsPt0.5CH,CI,: C, 29.07; H, 3.99; N, 12.33.

K[PtCly] (6 = —1630 ppm) as a standard), and the half-height Found: C, 29.39; H, 3.95; N, 12.37. FABVS, 'z 603 [M —

(49) Kukushkin, V. Yu.Platinum Met. Re. 1998 42, 106. Davies, J. A,;
Hockensmith, C. M.; Kukushkin, V. Yu.; Kukushkin, Yu. Bynthetic
Coordination Chemistry: Principles and Practicé/orld Scientific:
Singapore, 1996; p 492.

(50) Montoya, V.; Pons, J.; Solans, X.; Font-Bardia, M.; Rosindrg.
Chim. Acta2005 358 2763. Perez, J. A.; Pons, J.; Solans, X.; Font-
Bardia, M.; Ros, Jinorg. Chim. Acta2005 358 617. Garcia-Anton,
J.; Pons, J.; Solans, X.; Font-Bardia, M.; Rogur. J. Inorg. Chem
2003 16, 2992. Boixassa, A.; Pons, J.; Solans, X.; Font-Bardia, M.;
Ros, J.Inorg. Chem. Commur2003 6, 922.

(51) Umakoshi, K.; Yamauchi, Y.; Nakamiya, K.; Kojima, T.; Yamasaki,
M.; Kawano, H.; Onishi, MInorg. Chem.2003 42, 3907.

(52) Luzyanin, K. V.; Haukka, M.; Bokach, N. A.; Kuznetsov, M. L.;
Kukushkin, V. Yu.; Pombeiro, A. J. LDalton Trans 2002 1882.
Svensson, P.; hayvist, K.; Kukushkin, V. Yu.; Oskarsson,.Acta
Chem. Scandl995 49, 72. Kukushkin, V. Yu.; Oskarsson, AElding,
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Cl]*, 568 [M — 2CI]™, 495 [M — 4CIl — 2H]". IR (selected bands,
cmY): 3232 w p(N—H)], 1627 and 1580 sy{C=N + C=C)].
H NMR (CDClg, 0): 1.43 (t,J = 7.4 Hz, 3H) and 3.59 (q] =
7.4 Hz, 2H) (Et), 2.29 and 2.59 (s, 3H, Me), 6.09 (s, #€&H) and
9.57 (br, 1H, NH).2H NMR ((CD3),CO, 9): 1.33 (t,J = 7.4 Hz,
3H) and 3.47 (q) = 7.4 Hz, 2H) (Et), 2.25 and 2.69 (s, 3H, Me),
6.30 (s, H,*CH).

Coupling of Pyrazoles and Ligated Nitriles in trans-[PtCl ,-
(EtCN),]. A solution oftrans[PtCL(EtCN),] (139 mg, 0.37 mmol)
and any of the pyrazoles 3,5-RRzH (0.74 mmol) in CHCI, (4
mL) is vigorously stirred at room temperature for 2 h, whereupon
the yellow precipitate formed is filtered off, washed fast with 3
mL portions of CHCI,, and dried in vacuo at room temperature.
The precipitate presented a mixture of three products, {PNE=
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C(Et)pzx>N,N}] (4), [PtCl(pzHYX NH=C(Et)pz«2N,N}]CI (5), and
[Pt(pzH){ NH=C(Et)pz+2N,N}]Cl, (6) (for pzH), or two products,
[PtCL{ NH=C(Et)(3,5-Mepz)+«2N,N}] (7) and [PtCI(3,5-MegpzH)]-

Cl (8) (for 3,5-MeypzH). In the case of 3(5)-MepzH, the precipita-

Khripun et al.

d): 1.87 (s, Me, 3H), 1.95 (s, Me, 6H), 2.08 (s, Me, 3H), 2.20 (s,
Me, 6H), 5.93 (s, 3H{CH).

Reduction of the Platinum(lV) Complexestrans{PtCl { NH=
C(Et)(3,5-RR'pz)},]. The carbonyl-stabilized phosphorus ylide

tion was not observed; analysis of the residue that formed after PhhP=CHCGO,Me (40 mg, 0.12 mmol) is added at room temperature

evaporation of the solvent in a flow of,No dryness by théH

to a solution of complexe$—3 (0.10 mmol) in CHC} (4 mL).

NMR method shows the presence of some yet unidentified pyrazole- The reaction mixture is vigorously stirred at-285 °C for 2 h and

containing complexes.

Complexes4—6 can be separated by fractional washing with
CH,Cl; and MeCO, i.e., the precipitate is first washed with three
5 mL portions of CHCI, to separat®, and three 5 mL portions of
Me,CO can then be used to separdteThe remaining insoluble
colorless powder i$. The 4:5:6 molar ratio of released products
is ca. 3:1:10. CompleX can be separated from [PtCI(3,5-peH)]-

Cl by washing with three 5 mL portions of 8. Solubility and
stability of complexed, 5, and7 in the most common deuterated
solvents is insufficient to measure thé#C{'H} and°Pt NMR
spectra.

[PtCl{ NH=C(Et)pz-k2N,N}] (4). Anal. Calcd for GHgNzCl,-

then left to stand for 30 min, whereupon the solvent is evaporated
in a flow of N; to dryness; the residue formed is washed fast with
three 1 mL portions of ice-cold MeOH and dried in vacuo at room
temperature. The yield &-11is 65-85%. On heating in the solid
state, complexe8—11 change their colors from pale yellow to dark
yellow at 136-150°C. TG curves for complexe®—11: (9) mass
loss is 20.3% at 148C (calcd mass loss for 2EtCN is 21.5%),
(10) mass loss is 18.2% at 142 (calcd mass loss for2EtCN is
20.4%), (L1) mass loss is 17.1% at 13% (calcd mass loss for
—2EtCN is 19.4%).

trans{PtCl { NH=C(Et)pz} ] (9). Yield: 85%. Anal. Calcd for
CioH1gNClPt: C, 28.14; H, 3.54; N, 16.41. Found: C, 28.64; H,

Pt C, 18.52; H, 2.33; N, 10.80. Found: C, 18.64; H, 2.65; N, 3-98; N, 16.34. TLC: Ry = 0.58 (eluent, 9:1 CbCl:Me,CO).

10.79. TLC: Ry = 0.32 (eluent, 3:1 CkCl;:Me,CO). FAB"-MS,
m/z. 385 [M — 4H]*, 354 [M — CI]*, 317 [M — 2CI — H]*. IR
(selected bands, ci): 3122 s p(N—H)], 1635 s and 1525 w
[v(C=N + C=C)]. 'H NMR ((CD53),CO, 9): 1.49 (t,J= 7.6 Hz,
3H) and 3.19 (gJ) = 7.6 Hz, 2H) (Et), 7.03 (pseudo<i,= 2.6 Hz,
1H,“CH), 8.20 (d,J = 1.8 Hz,Jpyy = 17.0 Hz, 1H*CH), 8.89 (d,
J = 3.2 Hz, 1H,5CH), 10.93 (br, 1H, NH).

[PtCI{ NH=C(Et)pz-k2N,N} (pzH)]CI (5). This complex is

unstable in dichloromethane solution and rapidly decomposes

further. However, we succeeded to characterize #HbWMR and
FAB*-MS from a mixture withd. FAB*-MS, m/z 420 [M — Cl—
2H]*". 1H NMR ((CD3),CO, d): 1.53 (t,J = 7.6 Hz, 3H) and 3.32
(g, J = 7.6 Hz, 2H) (Et), 7.07 (pseudo-i,= 2.6 Hz, 1H,*CH),
8.01 (d,J=1.8 Hz,Jpyy = 11.4 Hz, 1HSCH) and 8.95 (dJ = 3.2
Hz, 1H,5CH), 10.91 (br, 1H, NH) N(2)pz), 6.55 (pseudo-f] =
2.6 Hz, 1H,*CH), 8.36 (d,J = 1.8 Hz, 1H,°CH), 8.38 (d,J = 3.2
Hz, Jpy = 18.0 Hz, 1H,3CH), 12.56 (br, 1H, NH) (pzH).

[Pt{NH=C(Et)pz-k2N,N} (pzH),]JCl, (6). Anal. Calcd for
C12H17N7C|2Pt1 C, 27.44; H, 3.26; N, 18.67. Found: C, 27.69; H,
3.29; N, 18.55. FAB-MS, m/iz. 525 [M]*, 422 [M — Cl — pzH]*,
385 [M — 2CI — pzH — H]™. IR (selected bands, crf): 3119 s
[v(N—H)], 1634 s and 1527 w[C=N + C=C)]. *H NMR (D-0,

0): 1.30 (t,J = 7.6 Hz, 3H) and 3.06 (¢ = 7.6 Hz, 2H) (Et),

6.84 (pseudo-t) = 2.6 Hz, 1H,“CH), 8.50 (d,J = 3.3 Hz, 1H,

3CH) and 8.54 (dJ = 1.4 Hz, 1H,5CH) («N(2)pz), 6.39 (pseudo-
t, J = 2.5 Hz, 1H,*CH), 7.37 (d,J = 2.5 Hz, 1H,3CH) and 7.75
(d, J = 2.5 Hz, 1H,5CH) (2pzH).13C{*H} NMR (D0, ¢): 10.1

(CHg) and 24.1 (CH) (Et), 112.1 {CH), 135.2 CH), and 149.1
(B(CH)(kN(2)pz), 171.3 (&=N), 108.1 ¢CH), 133.8 {CH) and 142.4
(8CH) (2pzH).1%%Pt NMR (DO, d): —2355 (1800 Hz).

[PtCI{ NH=C(Et)(3,5-Me;pz)-£2N,N}] (7). Anal. Calcd for
CgH13N3ClLPt: C, 23.03; H, 3.14; N, 10.07. Found: C, 23.05; H,
3.35; N, 9.98. TLC:R = 0.42 (eluent, 6:1 CkCl,:Me,CO). FAB*-
MS, m/z. 417 [M]*, 344 [M — 2CI — 2H]". IR (selected bands,
cm™1): 3262 and 3231 m{N—H)], 1631 and 1573 sy{C=N +
C=C)]. H NMR ((CD5),CO, ¢): 1.48 (t,J = 7.4 Hz, 3H) and
3.17 (q,d = 7.4 Hz, 2H) (Et), 2.60 and 2.76 (s, 3H, Me), 6.55 (s,
1H, Jpy = 10.2 Hz,*CH) and 10.20 (br, 1H, NH).

[PtCI(3,5-Me,pzH);]CI (8). Anal. Calcd for GsH2sNgClLPt: C,

32.50; H, 4.36; N, 15.16. Found: C, 32.51; H, 4.32; N, 15.08.

FAB*-MS, m/z. 555 [M + H]™. IR (selected bands, cr®): 3075
s [v(N—H)], 1577 and 1551 syfC=N + C=C)]. 'H NMR (D0,
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FAB*-MS,m/z 511 [M]*, 441 [M — 2CI]*, 385 [M — L — 4H]*.
IR (selected bands, crf): 3258 s and 3210 w[N—H)], 1649 s
and 1532 m{(C=N + C=C)]. H NMR (CDCls, 0): 1.67 (t,J=
7.6 Hz, 3H) and 3.61 (q] = 7.6 Hz, 2H) (Et), 6.51 (ddJ = 1.5
and 3.0 Hz, 1H{CH), 7.79 (d,J= 1.5 Hz, 1H,°CH), 7.85 (dJ =
3.0 Hz, 1H,5CH) and 9.45 (br, 1H, NH)!3C{'H} NMR (CDCl;,
0): 12.2 (CH) and 26.9 (CH) (Et), 110.6 {CH), 128.2 {CH),
144.7 CH) and 164.6 (€&N). 1°*Pt NMR (CDCk, 0): —2105
(1024 Hz).

trans{PtCl,{ NH=C(Et)(3-Mepz)} ;] (10). Yield: 80%. Anal.
Calcd for G4H2oNgCIPt: C, 31.12; H, 4.10; N, 15.55. Found: C,
31.29; H, 4.15; N, 15.51. TLCRs = 0.57 (eluent CKCl,: Me,CO
= 15:1). FAB-MS, m/z 535 [M — 5H]*, 469 [M — 2CI]*". IR
(selected bands, cr): 3296 s and 3197 w[N—H)], 1650 s and
1556 m p(C=N + C=C)]. *H NMR (CDCl;, 9): 1.64 (t,J=7.5
Hz, 3H) and 3.52 (q) = 7.5 Hz, 2H) (Et), 2.33 (s, 3H, Me), 6.28
(d,J= 2.6 Hz, 1H,*CH), 7.70 (d,J = 2.6 Hz, 1H,5CH) and 9.22
(br, 1H, NH). 13C{*H} NMR (CDCl;, 6): 12.3 (CH) and 26.5
(CHy) (Et), 13.8 (Me), 111.14CH), 128.6 $CH), 154.9 §CH) and
164.0 (G=N). 19t NMR (CDCE, 0): —2101 (995 Hz).

trans{PtCl{ NH=C(Et)(3,5-Me;pz)} ;] (11). Yield: 65%. Anal.
Calcd for GeH26NgCloPt: C, 33.81; H, 4.61; N, 14.79. Found: C,
33.75; H, 4.78; N, 14.95. TLCR; = 0.65 (eluent, 15:1 C}Cly:
Me,CO). FABt-MS, m/z. 569 [M + H]*, 496 [M — 2Cl — H]*,
417 [M — L] ™. IR (selected bands, cr®): 3278 s p(N—H)], 1640
and 1577 si(C=N + C=C)]. IH NMR (CDCl, 0): 1.58 (t,J =
7.5 Hz, 3H) and 3.65 (q] = 7.5 Hz, 2H) (Et), 2.22 and 2.52 (s,
3H, Me), 6.00 (s, H4CH) and 9.03 (br, 1H, NH}*H NMR ((CD3),-
CO, d): 1.45 (t,J = 7.6 Hz, 3H) and 3.66 (q) = 7.6 Hz, 2H)
(Et), 2.19 and 2.57 (s, 3H, Me), 6.17 (s, ¥¢H) and 9.30 (br, 1H,
NH). 133C{*H} NMR (CDClz, 6): 12.1 (CH) and 27.9 (CH) (EY),
13.9 and 14.6 (Me), 113.2GH), 141.0 {CMe), 153.3 {CMe) and
167.2 (G=N). %Pt NMR (1:1 CDC}:(CDs3),CO, 0): —2073 (774
Hz).

Liberation of Ligands 12—14 from Complexes 9-11. Dppe
(16 mg, 0.04 mmol) was added at room temperature to a solution
of any of complexe®—11 (0.02 mmol) in CDC4 (2 mL). After
20 min, the reaction mixture is cooled to @ for 10 min,
whereupon the released solid [Pt(dpp@l). is separated by
filtration and the free ligand is characterized ¥y and 13C{H}
NMR spectroscopy.

NH=C(Et)pz (12). 'H NMR (CDCl;, 6): 1.31 (t,J = 7.4 Hz,
3H) and 2.97 (qJ) = 7.4 Hz, 2H) (Et), 6.41 (dd) = 1.7 and 2.6



Unusual Reaction between (Nitrile)Pt and Pyrazoles

Table 1. Crystallographic Data

2 4-(H20) 9-(CHCly) 10-(CH.Cly)
empirical formula G1H18C|6N4Pt QH11C|2N3OPt Q3H19C|5N6Pt C15H24C|4N6Pt
fw 614.08 407.17 631.68 625.29
T (K) 173(2) 120(2) 120(2) 120(2)

2 (A) 0.71073 0.71073 0.71073 0.71073
cryst syst triclinic monoclinic monoclinic monaclinic
space group P1 P2:/n P2i/c C2lc

a(A) 9.1204(3) 7.3045(6) 12.3022(4) 17.2725(6)
b (A) 9.9721(2) 10.5777(11) 32.8307(11) 11.9158(4)
c(A) 11.9160(3) 13.5023(14) 15.0957(5) 13.2018(3)
o (deg) 111.3240(10) 90 90 90

p (deg) 109.0570(10) 94.288(6) 96.7710(10) 128.227(2)
y (deg) 90.939(2) 90 90 90

V (A3) 942.93(4) 1040.33(18) 6054.5(3) 2134.49(11)
z 2 4 12 4
pealca(Mg/md) 2.163 2.600 2.079 1.946

u(Mo Ka)) (mm1) 8.290 13.966 7.625 7.087

R213(l = 20) 0.0189 0.0326 0.0360 0.0198
WR2 (1 = 20) 0.0395 0.0571 0.0694 0.0405

3 R1=Y||Fo| — |Fcl/Y|Fo|. PWR2 = [F[W(Fo? — FcA)/ Y [W(F?)Z] 2

Hz, 1H,4CH), 7.63 (d,J = 2.6 Hz, 1H,3CH) and 7.67 (dJ = 1.7
Hz, 1H,5CH), 8.27 (br, 1H, NH)23C{H} NMR (CDCl, d): 9.7
(CHs) and 26.6 (CH) (Et), 108.2 {CH), 127.0 $CH) and 142.0

(3CH).

NH=C(Et)(3-Mepz) (13). H NMR (CDCls, 8): 1.30 (t,J =
7.4 Hz, 3H) and 2.90 (q] = 7.4 Hz, 2H) (Et), 2.33 (s, 3H, Me),
6.20 (d,J = 2.6 Hz, 1H,CH), 7.70 (d,J = 2.6 Hz, 1H,5CH) and
8.10 (br, 1H, NH)13C{1H} NMR (CDCl;, 6): 9.8(CHs) and 26.4
(CHy) (Et), 13.8 (Me), 108.54CH) and 127.65CH).

NH=C(Et)(3,5-Me;pz) (14).1H NMR (CDCl, 6): 1.22 (t,J
= 7.3 Hz, 3H) and 2.97 (g] = 7.3 Hz, 2H) (Et), 2.24 and 2.58 (s,
3H, Me), 5.95 (s, 1H‘CH) and 9.01 (br, 1H, NH)3C{H} NMR
(CDCL, 8): 10.1 (CH) and 29.0 (CH) (Et), 14.0 and 15.7 (Me)

110.1 ¢CH), 129.5 $CH) and 142.93CH), 149.7 (G=N).

X-ray Crystallography. The crystals were immersed in per-
fluoropolyether, mounted in cryoloops, and measured at 120 or 150 (Cientista Convidado/Professor at the Instituto Superior
K. The X-ray diffraction data were collected with a Nonius Kappa Técnico, Portugal), the Academy of Finland for support of
CCD diffractometer using Mo K radiation ¢ = 0.71073 A). The
Denzo-Scalepaékprogram package was used for cell refinements for the Soros Professorship. A.V.K. thanks FCT (see below)

and data reductions. Both structures were solved by direct methodsiyy 5 Research Initiation Grant and M.H. expresses his
using the SHELXS-97 or SIR2002 prograth® with the WinGX

graphical user interfac®.An empirical absorption correction on

the basis of equivalent reflections was applied to all data (XPREP

in SHELXTL version 6.14§7 The maximum/minimum transmission
factors were2 = 0.11156/0.167784 = 0.1575/0.70429 =
0.09048/0.18463, antl0 = 0.37549/0.47563, respectively. Struc-
tural refinements were carried out with SHELXL-%7The NH
hydrogens in2 and HO hydrogens i4 were located from the

(53) Otwinowski, Z.; Minor, W. Processing of X-ray Diffraction Data
Collected in Oscillation Mode. IMethods in Enzymology, Macro-
molecular Crystallography, Part ACarter, C. W., Jr., Sweet, R. M.

Eds.; Academic Press: New York, 1997; Vol. 276, pp 3826.

(54) Sheldrick, G. MSHELXS-97, Program for Crystal Structure Deter-

mination University of Gdtingen: Gdtingen, Germany, 1997.

(55) Burla, M. C.; Camalli, M.; Carrozzini, B.; Cascarano, G. L.; Giaco-
vazzo, C.; Polidori, G.; Spagna, R. Appl. Crystallogr 2003 36,

1103.

(56) Farrugia, L. JJ. Appl. Crystallogr.1999 32, 837.
(57) Sheldrick, G. M.SHELXTL,version 6.14; Bruker Analytical X-ray

Systems: Madison, WI, 2003.

difference Fourier map. The former was refined isotropically,
whereas the latter ones were constrained to ride on their parent
atom Uiso = 1.89U¢q (parent atom)). Other hydrogens were
positioned geometrically and allowed to ride on their parent atoms,
with N—H = 0.88 A andUs, = 1.2Ugq (parent atom), EH =
0.95-0.99 A andUjs, = 1.2—1.9Uq(parent atom). The asymmetric
unit of 9 contained 2.5 independent Pt molecules. The crystal-
lographic data are summarized in Table 1. Selected bond lengths
and angles are shown in the figure captions.
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