4016 Inorg. Chem.2001,40, 4016-4021
Platinum(ll) Hydrazido Complexes
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Reaction of 1,2-dimethylhydrazine with the platinum hydroxo complex [(dpp@)Y®H)].(BF4). gives the bridging
1,2-dimethylhydrazidof2) product [(dpppPt(u-7%n2-MeNNMe)](BF,), 1. Crystals of1-CH,Cl, from CH,-
Cl/Et,O are monoclinic€/2) with a = 19.690(1)p = 18.886(1)c = 17.170 (1) A, ang = 92.111(1}. Treatment
of [(dppp)Pt{-OH)](OTf), with 1,1-dimethylhydrazine gives [(dppPk(u—OH)(u—NHNMe,)](OTf), 2. Crystals
of 2:CH,Cl, from CH,CI/Et,O are triclinic (-1) with a = 12.910 (3),b = 13.927(3),c = 17.5872 (3) Ao =
87.121(3), 4 = 89.997(4), andy = 84.728(3). Reaction of [(dppp)Pi(-OH)]»(OTf), with 1 equiv of
phenylhydrazine in CkCl, gives [(dppp)Pt(u-OH)(u-NHNHPh)](OTf), 3. Two equivalents of phenylhydrazine
with [(dppp)Ptf-OH)]x(X)2 gives [(dppp)Pi-NHNHPh)L(X)2 4 (X = BF,, OTf). Crystals of3-CICH,CH,CI
from CICH,CH,CI/Pr,O are monoclinic P2:/n) with a = 20.990(2) b = 13.098(1)c = 25.773 (2) A, angp =
112.944(2). Crystals of4(X = BF,)-CICH,CH,CI-2(BuOMe) from CICHCH,CI/'BuOMe are monoclinicG2/
m) with a = 30.508(1),b = 15.203(1),c = 19.049 (1) A, ang} = 118.505(2).

Introduction In previous work we showed that the oxo complex [(L&u)
(u-O)]* (L = a phosphine) is an excellent reagent for the
formation of complexes with multisite AtN bonding and that

' the reaction of the oxo complex with hydrazines yields a series

szcoorgmatlonl chemllstry is of g_r_eatl mtedrelstfto _chemiSZS__ of these complexes. The type of complex isolated depends on
ydrazido metal complexes are critical models for intermediates y, hydrazine substitution. With unsubstituted hydrazine, the

in dinitrogen reduction. The crystal structure determination of first group 11 dinitrogen complexes [(LAsQ-N2)]2" were
the nitrogenase FeMo cofactor has revealed anVIB€ obtained'®-18 while with substituted hydrazines either the
clustet®11at the active center where dinitrogen coordinates and trimetallic hydrazido complexe:19 [(LAU)s(«-NNRy)]* or

is reduced. With the likely involvement of multimetal center P,

- . . o : rearranged semidine compleX2§LAu) s(u-NCeH4NHPh)]",
d!n!trogen bondlr!g 1o this cluster,.both |n|t|.ally and during g6 isolated. Similar exchange reactions with the platinum
dinitrogen reductioR?~15 polymetallic hydrazido complexes hydroxo complexes [Pt(«-OH)],2* (L, = a bidentate diphos-

have _taken on a new importance in dinitrogen red“C“‘?” phine) and hydrazine yielded the dimetallic dihydrazido com-
modell_ng. While there are a number of known polymetalllc plexes [LLPtu-NHNH,)]2* 21 Given the scarcity of late tran-

hydrazido complexes that may serve as models for nitrogenasegjisn metal polymetallic hydrazido complexes, and the differences
dinitrogen reduction, the bulk of these involve early transition ;. o gold oxo hydrazine reaction chemistry with hydrazine
metal systems. Very few complexes past group seven are kn(_)Wnsubstitution, we have extended our investigation of the platinum
yet late transition metal complexes may reveal new bonding system to reactions of BPtu-OH)l2" (L, =

. L - = dppp) with
modes to consider in dinitrogen reductith. substituted hydrazines. The formation and characterization of

a bridging side-on 1,2-dimethylhydrazido complex and bridging

mi;lgu:ivzgw correspondence should be addressed. E-mail: SharpP@ eng-on 1,1-dimethylhydrazido and phenylhydrazido complexes

Transition metal complexes containing metal bondedmits
are important in dinitrogen activation and reduction. As a result
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Platinum(ll) Hydrazido Complexes

Table 1. Crystallographic and Data Collection Parameters

Inorganic Chemistry, Vol. 40, No. 16, 2004017

formula GaHeoB2FsN2PsPL: CsgHeoFsN207PsPLS,: Cé3Hs0Clz2.5FsN207- Cr7Ho1B:Cl-
CH.Cl, (1) CHCIL»(2) P4P£S,C,H4Cl, (3) FsN4O3P4Pt (4)

fw 1545.7 1674.2 1737.9 1879.1

space group C2/c P-1 P21/ C2/m

T, °C —100 —100 —100 —100

a, 18.690(1) 12.910(3) 20.990(2) 30.508(1)

b, A 18.886(1) 13.927(3) 13.098(1) 15.203(5)

c, A 17.170(1) 17.587(3) 25.773(2) 19.049(1)

o, deg 90 87.121(3) 90 90

f, deg 92.111(1) 89.997(4) 112.944(2) 118.505(1)

y, de g 90 84.728(3) 90 90

v, A% 6056(1) 3144(1) 6525(1) 7764(1)

Z 4 2 4 4

Qeai 9/CcM3 1.695 1.768 1.769 1.608

u, mm-1 4.87 4.77 4.62 3.82

A (Mo Ka), A 0.71073 0.71073 0.71073 0.71073

R12 0.0397 0.0530 0.0504 0.0478

wR2(0bs) 0.1259 0.1450 0.1310 0.1390

aR1= (3||IFol — IFcl|)/T|Fol. PWR2 = [(SW(Fo? — FAAISW(FA)?Y2, with weight= 1/[0¥(F.?) + (XP)? + yP]; x = 0.0526,y = 7.5107 forl;

x = 0.1000,y = 0 for 2; x = 0.0735,y = 0 for 3; x = 0.0584,y = 0 for 4; P = (F,?> + 2F?)/3.

zine in CHClI, gives a white product,. Productl is soluble in
DMSO but only slightly soluble in CkCl, and THF. NMR data
indicate the presence of a Pt bound chelated dppp If§aamdi
incorporation of dimethylhydrazine. Integration of the dppp and
the hydrazine methyl group signals indicate -at@—1 value

for the dppm-to—dimethylhydrazine ratio. This information and
elemental analysis suggest the identity dbfas the 1,2-
dimethylhydrazidot-2) complex [(dpppPb(u-n%7>-MeNNMe)]-
(BF4)2 (eq 1).

H _| (BF4)2

MeNHNHMe
(dppp)Pt<O\Pt(dppp) _
o 2H,0
H

'\<\Ae —I(BF4)2

N\——
/\ (1) Figure 1. ORTEP drawing of the cationic portion of [(dppPk(u-
1 Pt(dppp) n%n*>MeNNMe)](BF,). 1. Here and in the following figures, non-
carbon and non-hydrogen atoms are represented by 50% probability

th | ellipsoids.
This formulation and the presence of the side-bonded bridging ermat elipsolds

1,2-dimethylhydrazido ligand is confirmed by an X-ray single- Table 2. Selected Distances (A) and Angles (Deg) for
crystal structure determination (Figure 1). An abbreviated [(dpppRPt(u-n*n>-MeNNMe)](BFs), 1

(dppp)Pt

summary of crystal data collection and processing is given in  pt1—pt1 3.220(1) Pt+N1 2.039(5)
Table 1. Selected bond distances and angles are listed in Table PtT—N1 2.089(5) Pt+-P1 2.233(2)
2. The structure shows a square-planar edge-shared Pt dimer. Pt1-P2 12233((12%) N+Cln 1.473(8)
Such structures can be planar or folded along the shared edge P1—Pt1—P2 92.69(6) N4 PH—N1" 40.4(3)
depending on factors such as the metal, the ligands, and steric p_N71—c1n 131.6(4) PtI-N1-Cln  125.8(4)
interactiong>27 Complex1 shows a nonplanar structure with  N1—pt1—P1 111.1(2) N'=Pt1—P2 115.9(2)
a fold angle of 112.5 Other aspects of the structure are  Cin—N1-N1'  120.8(4) Pt+-N1-Pt1 102.5(2)

discussed below. o ]
In an attempt to reductively cleave its- bond, 1 was hydrazine gives the hydrazide{) hydroxo complex [(dpppPt-
treated with Li in THF. This afforded gray Pt metal and the («-OH)(u-NHNMe)](OTf)2, 2 (eq 2).
Pt(0) complex (dppppPt, whose identity was confirmed by an
X-ray single-crystal structure analygfsThe fate of the di- H _I (0T
methylhydrazido ligand was not determined. g (d HaNNMe;
Treatment of a ChCl, solution of [(dppp)Pi-OH)](OTf), (dppp)P O/ (dppp) -H,0
with 1 equiv of the unsymmetrical hydrazine 1,1-dimethyl- A
Me;N ]
(24) Garrou, P. EChem. Re. 1981, 81, 229-266. [ H
(25) Summerville, R. H.; Hoffmann, R. Am. Chem. Sod976 98, 7240. % (2)
(26) Aulon, G.; Ujaque, G.; Lleds, A.; Alvarez, S.; Alemany, Anorg. (dppp)Pt \Pt(dppp)
Chem.1998 37, 804-813. 2
(27) Aulon, G.; Ujaque, G.; Lleds, A.; Alvarez, SChem. Eur. J1999
5, 1391-1410.

(28) Asker, K. A.; Hitchcock, P. B.; Moulding, R. P.; Seddon, K.IRorg.
Chem.199Q 29, 4146-8.

The presence of two different bridging groups is readily
detected in the’P NMR spectra of2, which shows two
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overnight leads to loss of attP NMR signals and formation
of a black precipitate.

HyNNMe: + CHyCI
2 2 2Cl H2N—lilMeg_| Cl 3

CH,CI

Curious about the facile reaction between 1,1-dimethyl-
hydrazine and CkCl,, we investigated two other chlorinated
hydrocarbons. With CICKCH,CI, [Me2N(CH,CH,CI)NH,]CI
was obtained. However, NINMe, did not react witho-
dichlorobenzene, even after heating for one week at °I&0
Reactions of 1,1-dimethylhydrazine with chlorinated hydrocar-
bons have previously been described in a patent applic&ion.

Reactions of [(dppp)PttOH)].?+ with phenylhydrazine fol-
low more expected lines. With 1 equiv of phenylhydrazine,
hydroxo hydrazidot 1) complex [(dpppPb(u-OH)(u-NHNHPh)]-
(OTf),, 3, is obtained (eq 4) from [(dppp)RHOH)](OT)..

Figure 2. ORTEP drawing of the cationic portion of [(dppP)(u-

OH)(u-NHNMe,)](OTf), 2. H _' (0T,
Table 3. Selected Distances (A) and Angles (Deg) for (dppp)pt/ o\pt(dppp) M
[(dpppYPh(u-OH)(u-NHNMe)|(OTf), 2 o -H,0
Pt1-Pt2 3.0867(5)  PttN1 2.111(5) H
Pt2—N1 2.105(5) Pt+O 2.095(4) Ph —I (OTh),
Pt2-0 2.104(4) Pt+P1 2.258(2) NH
Pt1-P2 2.230(2) Pt2P3 2.259(2) al H
Pt>-P4 2208(2)  NEN2 1.469(7) \C{ @)
N2—Cin 1.433(9) N2-C2n 1.458(9) (dppp)Pt Pt(dppp)
P1-Pt1-P2 92.99(6) P3Pt2—-P4 93.46(6) 3
P1-Pt1-O 92.35(1) P3-Pt2-0 94.17(13) . . .
P2-Pt1-0O 174.2(1) P4Pt2—0 172.4(1) Two equivalents or excess phenylhydrazine with [(dppp)Pt-
P1-Pt1-N1 168.3(1) P3-Pt2—N1 170.1(1) (u-OH)]2(X) . gives the dihydrazide{1) complex, [(dppp)Pt-
P2—-Pt1-N1 98.35(13) P4Pt2-N1 96.21(14) (u-NHNHPh)I(X)2, 4 (X = BF4, OTf; eq 5).
O—Pt1-N1 76.22(17) G-Pt2-N1 76.15(18)
Pt1-O—Pt2 94.65(17) PtEN1—Pt2 94.12(20) )
Pt1-N1—N2 121.9(4) Pt2N1-N2 112.3(3) H __| 2
N1-N2—-Cin  109.6(5) NEN2-C2n  110.4(5) (dppp)Pt<o\Pt( dppp) 2HNNHPh
phosphorus signals as doublets, each WitRt satellites. The ﬁ/ 220
signal with the smaller PPt coupling is assigned to the
phosphorus atoms trans to the more strongly donating hydrazido PQNH anh —| (X2
ligand2°~31 The structure o2 was determined by X-ray single- Hr‘\k H
crystal diffraction methods and is shown in Figure 2. An /\ (5)
abbreviated summary of crystal data collection and processing (dppp)Pt Pi(dppp)

is given in Table 1. Selected bond distances and angles are listed

in Table 3. Again, the structure is typical of square-planar edge- The hydroxo hydrazidet1) complex3 can also be obtained

shared Pt dimers. Unlike if, the hydrazido ligand i is not by the conproportionation of [(dppp) RtOH)]** and4 in CH,-

side-bonded and bridges through a single nitrogen atom. DetailsCl2 (2 d). The structures & (Figure 3) andt (X = BF;, Figure

of the structure are discussed below. 4) were determined by single-crystal X-ray diffraction experi-
Further reaction of 1,1-dimethylhydrazine in @, with 2 ments. An abbreviated summary of crystal data collection and

at ambient temperatures did not give the expected secondProcessing is given in Table 1. Selected bond distances and

hydroxo—hydrazido exchange and the bis(1,1-dimethyl- angles are listed in Tables 4 and 5.

hydrazido(-1)) complex [(dppp)Pi(-NHNMe,)]»(OTf),. In-

stead, (dppp)Pt@lvas obtained. The source of the chloride ion Discussion

in the formation of (dppp)PtGin the reaction oR with excess The formation of the hydrazido complexes in the above
1,1-dimethylhydrazine in C¥Cl, (eq 2) is apparently the CH reactions may be viewed as a deprotonation of the hydrazine
Cl; solvent. A solution of 1,1-dimethylhydrazine in QEl; by the basic hydroxo ligands. This approach, the reaction of a

rapidly produces the adduct [Me(CH,CI)NH,]CI (eq 3), as basic ligand complex with hydrazines, has been used in several
determined by NMR analysis and a single-crystal X-ray other systems for the preparation of transition metal hydrazido

diffraction experiment (Supporting Information). Comp2sid complexes. We have previously used'Rind Aul’-1° com-

not react further with excess NNMe, in either THF or plexes with basic hydroxo or oxo ligands in the formation of

o-dichlorobenzene. Heating in o-dichlorobenzene at 80C hydrazido complexes. Others have used basic dfgko 3440

(29) Appleton, T. G.; Clark, H. C.; Manzer, L. Eoord. Chem. Re 1973 (32) Badische Anilin-&Soda-Fabrik A.-G. Plant Growth Regulators, Neth.
10, 335. Appl. 6, 516, 589Chem. Abstr1966 65, 18499d.

(30) Hartley, F. RThe Chemistry of Platinum and Palladiyppl. Sci. (33) Blum, L.; Williams, I. D.; Schrock, R. RJ. Am. Chem. So0d.984
Publishers: London, 1973. 106, 6, 8316-17.

(31) Shustorovich, E. M.; Porai-Koshits, M. A.; Buslaer, Yu. @oord. (34) Sun, X.-R.; Huang, J.-S.; Cheung, K.-K.; Che, C.iNbrg. Chem.

Chem. Re. 1975 17, 1. 2000Q 39, 820-826.
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Figure 3. ORTEP drawing of the cationic portion of [(dppP)(u-
OH)(u-NHNHPh)](OTf), 3.

Figure 4. ORTEP drawing of the cationic portion of [(dppp)it(
NHNHPh)L(BF,); 4.

and amidd! ligand complexes to produce mostly terminal
hydrazido complexes.

One of the notable features of the reactions in the current

study is the product variation with the substituents on the
hydrazine. In our earlier work with unsubstituted hydrazine, the
sole observed products were the dihydrazido complexg?t{L
(u-NHNH3)]22*, analogous tat.?! With the substituted hydra-
zines studied here, the mixed hydrazido hydroxo compl@xes

Inorganic Chemistry, Vol. 40, No. 16, 2004019

Table 4. Selected Distances (A) and Angles (Deg) for
[(dpppRP(u-OH)(u-NHNHPh)](OTf), 3

Pt1-Pt2 3.0647(5)  PtN1 2.105(6)
Pt2-N1 2.108(6) Pt+O 2.093(5)
Pt2-0 2.111(5) Pt+P1 2.250(2)
Pt1-P2 2.217(2) Pt2P3 2.240(2)
Pt2-P4 2.222(2) NEN2 1.496(10)
P1-Pt1-P2 92.70(8) P3Pt2-P4 91.00(7)
P1-Pt1-O 93.20(2) P3-Pt2-0 95.74(2)
P2-Pt1-O 174.0(2) P4Pt2-0 172.6(1)
P1-Pt1-N1  169.3(2) P3Pt2-N1  171.3(2)
P2-Pt1-N1 97.97(17) P4Pt2-N1 97.50(17)
O—Pt1-N1 76.12(21) G-Pt2-N1 75.68(21)
Ptl-O—Pt2 93.60(21) PtEN1-Pt2 93.36(24)
PtI-N1-N2  112.3(5) Pt2N1-N2  107.3(4)
N1-N2-C1  119.6(7)

Table 5. Selected Distances (A) and Angles (Deg) for
[(dppp)Ptf-NHNPh)L(BF,), 4

Pt1-Pt2 3.0687(5)  P&N1 2.110(5)
Pt2-N1 2.105(5) Pt:P1 2.273(2)
Pt2—P2 2.259(2) NEN2 1.455(7)
P1-Pt1-PY 93.13(8) P2-Pt2—P2 92.85(9)
P1-Ptl-N1 95.58(15) P2Pt2-N1 95.75(16)
P1-PtI-NI'  169.8(2) P2Pt2-N1I'  170.8(2)
N1'-Pt1-N1 75.3(3) N1-Pt2—N1 75.5(3)
Pt1-N1—Pt2 93.4(2) PEN1-N2  116.9(4)
Pt2-N1-N2  108.0(4) NEN2-C1  117.1(5)
Scheme 1
- 2
. g
P RR'NNH, Y oon
(dppR)PE_ O/Pt(dppp> g aN \Pt y
0 (dppp)Pre—p—"1(¢PPP)
H,0
PhHN _| 2* L ?
N R 2*
PN PhHNNH, R _l
(dppp)Pt t(dppp) R Ny rll H
on HhiH R=Ph R'=H N
*NHPh (dppp)PtMPt(dppp)
2 R=R'=Me
0 3,R=Ph R =H
2+
PhHN  NHP —l
HNLNR
<dppp)Pr/4 bapop)

amido complexes were isolatétiDriver and Hartwig have
studied hydroxe-amido exchange reactions in related Pd
complexes and have found that these reactions are initiated by

and3 are observed. This may be explained in steric terms, where bridge cleavagé Scheme 1 illustrates a likely pathway, derived
the second substitution of the hydroxo group by the hydrazido from Driver and Hartwig's work, for the hydroxehydrazido

group is slowed (PhHNN¥) or stopped completely (MBINH,).
We have previously observed steric inhibition in reactions of
the hydroxo complexes with anilines, where mixed hydrexo

(35) Davies, S. C.; Hughes, D. L.; Janas, Z.; Jerzykiewicz, L. B.; Richards,
R. L.; Sanders, J. R.; Silverston, J. E.; SobotdnBrg. Chem200Q
39, 3485-3498.

(36) Galindo, A. M.; Mardones, M.; Manzur, C.; Boys, D.; Hamon, J. R.;
Carrillo, D. Eur. J. Inorg. Chem1999 387—-392.

(37) Schrock, R. R,; Liu, A. H.; O’'Regan, M. B.; Finch, W. C.; Payack, J.
F. Inorg. Chem.1987, 27, 3574-3583.

(38) Manzur, C.; Bustos, C.; Carrillo, D.; Robert, F.; Gouzerhin®rg.
Chim. Actal996 249, 245-250.

(39) Bustos, C.; Manzur, C.; Carrillo, D.; Robert, F.; Gouzerhin®rg.
Chem.1994 33, 1427-1433.

(40) Likao, J.; Bustos, C.; Carrillo, D.; Robert, F.; GouzerhTRansition
Met. Chem1993 18, 265-270.

(41) Park, J. T.; Yoon, S. C.; Bae, B.-J.; Seo, W. S.; Suh, I.-H.; Han, T.
K.; Park, J. ROrganometallic200Q 19, 1269-1276.

exchange reactions in the current Pt system. Possible steric
inhibition in the second hydrazine coordination step is apparent.
More difficult to explain is the formation of the side-bonded
hydrazido compleX. Two possible pathways for the formation
of 1 are shown in Scheme 2. In path A, the formationlag
preceded by the formation of a hydroxo hydrazieb) complex
5 analogous to3. Sterics would disfavor formation of a
dihydrazido complex. Intermediate hydroxo hydrazidby
complex5 then needs to eliminate water to forin Although
hydroxo hydrazido complexX2 should not be capable of
following this pathway since there is no hydrogen atom available
for elimination, the phenylhydrazide(l) hydroxo3 should be
able to follow this same pathway. YeB, is stable, and all
attempts to force to eliminate water and form a side bonded

(42) Driver, M. S.; Hartwig, J. FOrganometallics1997, 16, 5706-5715.
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Scheme 2
H 2+ 2+
PN —-| MeHNNHMe Mej,\’, _l
(dppp)Pt\O _-Ptidppp) - - Me,!l,H H
H (dppp)PtL—O/Pt(dppp)
1
Path B A
/ 5
2+ -H,0 | Path A
H Me —‘ J
M7\N—N/I{ .,
2
(appp)PL /Pt(dppp) MeN ]
OH dH ™\ M/e _I 2+ Mel!l\ rg\
“"/eN_N’{ <dppp)P/\Pt<dppp>
(dppp)Pt /Pt(dppp) 6
“on OH,
-H,0
Me.
M 2+ "N H 2+
RV —-I -H,0 a QY _I
AN Pt(dppp)

~———  (dppp)Pt~—N-H
Pt(dppp) Me

N—l
(dppp)Pr/1\

hydrazido(-2) complex analogous tb have failed. Assuming

Xia and Sharp

N: 2.105-2.108, P+P: 2.207-2.273 A) in 2—4 are all
essentially identical to those of related hydrexamido [(Ly-

Pty (u-OH)(u-NHR)],2" and diamido [LPt{-NHR)]2" com-
plexes?! indicating little perturbation of the coordination
environment of the Pt centers on replacement of the amido
ligands with the hydrazido ligands.

The side-bonded bridging coordination mode of the MeNNMe
unit in 1 suggests the presence of either a hydrazidd@r a
diazo ligand. The NN bond distance of 1.429(11) indicates
that the hydrazido(2) formulation is the best description.
Shorter N-N bond distances (1.3611.413 A) are found in Fe
carbonyl complexes with this coordination made?” These
complexes are usually prepared from diazo compounds and
apparently retain some diazo character. £%,33 and Sn®:60
complex with this hydrazido(2) bonding mode have also been
reported.

Comparing the structure df with 2—4, 1 has a longer Pt
Pt distance (3.220 A) and a shorter—+& bond (2.039 A).
Although an Fe-Fe bond is present in the Fe analogued of
(e.g., [([CO}Fe(u-n%n>-MeNNMe)]), a similar trend of short-
ened Fe-N bond distances and elongatedHe distances over
simple nitrogen bridged systems was notédlhe greater

path A in Scheme 2 is correct, an explanation is needed for metal-metal distance of the Pt structure is reflected in the Pt

why 3 fails to eliminate while intermediate does. Since it has

N—Pt angle inl (102.5), which is substantially larger that the

been shown that substitution in closely related Pd complexes Fe-N—Fe angle (83.9 in the Fe complex.

requires bridge cleavadéa difference betweedand proposed

intermediates is discernible. The bridge cleavage requires attack
of the free end of the hydrazido ligand on one of the Pt centers.
With its electron withdrawing Ph substituent, the free end of

the hydrazido ligand if8 is less basic than the Me substituted
free end in intermediatb. This lower basicity could suppress

the bridge cleavage and formation of the side-bonded hydrazido-

We had anticipated that reduction biwith Li would result
in cleavage of the NN bond. Reductive cleavage of the Fe
analogues ot to diimido or diamido complexes by addition of
an Fe(CO) fragmené! or dihydrogef? have been reported, as
have several other examples of diazo cleavagé>36367 The
lack of success witll may be due to the instability of the
expected diimido product, [(dppp)Rt\Me)].. We have pre-

(—2) complex. Sterics could also be a factor in this sequence, g . .
where the smaller methyl group could allow approach of the pared related diimido cqmplexes by deprotonation of d'lar'mdo
free end of the hydrazido ligand to the Pt center. Indeed, attack COMPlexes, but not with dppp, and only for aryl imido
of the free hydrazido end must have fairly severe requirements,“9""r‘ds-21'68 Future work will be directed to closing this gap
as it would be far from the geometry observed in the structures Petween analogues dfand diimido complexes by using more

of 2 and3. Similar arguments can be made for path B to explain Suitable ligand systems.

why phenylhydrazine fails to give an analoguelof
The hydrazidoft-1) bonding mode displayed I®+-4, where
only the deprotonated end of the hydrazidaj ligand bridges

between two metals, is rare. The only other complex to display (52)

this bonding mode is again a late transition metal systemg{(Ph
PAu)(u-NHNPH,)]+.27 Closely related [(dppm-H)RENHNH,)] -
LiBF4 also shows this bonding mode, but with a—IN
interaction with the free end of the hydrazido ligaRés.
Multimetal interactions involving both ends of hydrazigd()
ligands have been observed in Rcarbonyl cluster com-
plexes*—48

The N—N bond distances i@—4 are similar and range from
1.455(7) to 1.496(10) A consistent with the single-N bond
in free hydrazines (1.451.46 A)4°%0Distances associated with
the Pt centers (PtPt: 3.065-3.087, Pt-O: 2.104-2.111, Pt
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precipitate. The precipitate was collected through filtration and washed
twice with E£O (3 mL) to obtain a light yellow solid (0.058 g, 86%).

General Procedures Experiments were performed under a nitrogen A1 caled (found) for GHeoFeN,O7PPLS,-0.5CHCly: C, 44.69

atmosphere in a Vacuum Atmospheres Corp. drybox. Solvents were
dried by standard techniques and stored under nitrogen over 4 A

(44.14); H, 3.66 (3.73); N, 1.67 (1.75). Mp: 18385°C. 'H NMR
(CDClp): 6 —1.00 (s, 1H, OH or NH), 1.622.83 (broad m, 12H,

molecular sieves. The 1,1-dimethyl hydrazine and phenylhydrazine were PCHCH,CH,P), 3.23 (s, 1H, OH or NH), 4.12 (s, 1H, NH), 6:85

purchased from Aldrich Chemicals. 1,2-Dimethyl hydrazine was
prepared from its HCl adduct by a modified literature procedUfidne
hydroxo complexes [(dppp)RHOH)]2(X)2 (X = BF4 or OTf) were
prepared by literature proceduf@NMR spectra were recorded on a
Bruker AMX-250 spectrometer. THel NMR (250 MHz) and*C NMR
(62.9 MHz) spectra are referenced to TMS or to solvent impurities
referenced back to TMS!P NMR (101 MHz) spectra are referenced
to external 85% KPOs. All NMR shifts are in ppm with negative shifts
upfield from the reference. Infrared spectra (frequencies given if}cm
were recorded on a Nicolet 550 Magna FTIR spectrometer using KBr
pellets. Spectra were recorded at ambient temperature¥>(2@nless
otherwise indicated.

Preparation of [(dppp) Pt(u-p%n?>-MeNNMe)](BF4), 1. 1,2-
Dimethylhydrazine (0.375 mL of a 0.20 M GAI;, solution, 0.080
mmol) was added to a solution of [(dppp)}QH)]2(BF4). (0.070 g,
0.050 mmol) in 1 mL of CHCI,. The yellow solution was stirred at
ambient temperature for 2 h. Addition of EX (10 mL) to the cloudy
mixture afforded a white precipitate. The precipitate was collected
through filtration and washed twice with & (3 mL) to obtain a light
yellow solid (0.060 g, 78%). Anal. Calcd (found) fogdElssB2FsN2Ps-
PLCH.Cly: C, 44.70 (44.52); H, 3.95 (4.04); N, 1.83 (1.83). Mp: 249
251°C. 'H NMR (DMSO-dg): ¢ 1.93 (broad, 8H, PB,CH,CH,P),
2.77 (broad s, 6H, Me), 3.00 (broad, 4H, PCH,CH,P), 7.20-7.65
(m, 40H, phenyl)33C NMR (DMSO<s): 6 18.92 (PCHCH,CH,P),
22.92 (PCHCH,CH,P), 38.09 (methyl), 129.58, 130.83, 131.70, 133.08,
134.22 (Phenyl)3*P (DMSO+4g): 6 —11.49 § = 3250 Hz). Colorless
single crystals suitable for X-ray diffraction were obtained from,CH
ClL/EtO.

Preparation of [(dppp)2Pt(#-OH)(#-NHNMe,)]|(OTf), 2. 1,1-
Dimethylhydrazine (0.100 mL of a 0.40 M GHI, solution, 0.040
mmol) was added to a solution of [(dpppdQH)],(OTf), (0.056 g,
0.040 mmol) in 1 mL of CHCIl,. The yellow solution was stirred at
ambient temperature for 2 h. Addition ofEX (10 mL) to the solution
afforded a yellow precipitate. The precipitate was collected through
filtration and washed twice with BED (3 mL) to obtain a light yellow
solid (0.053 g, 83%). Anal. Calcd (found) forsgElsocFsN207P4PLS,:

C, 43.83(43.64); H, 3.80 (3.93); N, 1.76 (1.74). Mp: 2222°C.H
NMR (CD:Cly): 6 1.86 (broad, 4H, PB,CH,CH,P cis to N or O),
1.98 (broad s, 6H, Me), 2.56 (broad, PEHH,CH,P cis to N or O),
2.93 (broad, 4H, PCKCH,CH,P), 7.1+7.80 (m, 40H, phenyl)!3C
NMR (CD:Cly): ¢ 15.46 (Me), 18.62, 22.78 (PGBH,CH,P), 124.5,
128.7, 129.6, 130.0, 132.0, 132.2, 132.5, 133.5 (Phef\).(CD-
Clp): 0 —9.43 Jpp = 28 Hz,Jppi= 3604 Hz, P trans to O)-8.35 Jpp

= 28 Hz,Jpp= 2596 Hz, P trans to N). IR: 3607 (OH), 3270 (NH).
Yellow single crystals suitable for X-ray diffraction were obtained from
CHCI/Et:,0.

Reaction of 2 with Excess 1,1-DimethylhydrazineCompound2
was dissolved in CKCl, (1 mL) and treated with excess 1,1-
dimethylhydrazine; the mixture was stirred overnight. Addition CEt
(10 mL) to the cloudy mixture afforded a white precipitate. The
precipitate was collected through filtration and washed twice wit® Et
(3 mL) to obtain a light yellow solid (0.060 g, 85%). NMR and X-ray
studies identified the yellow product as (dppp)Bt€l

Preparation of [(dppp)2Pto(#-OH)(#-NHNHPh)](OTf) » 3. Phen-
ylhydrazine (0.100 mL of 0.40 M CI, solution) was added to a
solution of [(dppp)P-OH)](OTf), (0.056 g, 0.040 mmol) in 1 mL
of CHxCl,. The yellow solution was stirred at ambient temperature for
2 h. Addition of EtO (10 mL) to the solution afforded a yellow

(69) Appleton, T. G.; Bennett, M. A.; Tomkins, I. B. Chem. Soc., Dalton
Trans.1976 439.

7.65 (m, 40H, phenyl)l3C NMR (CD;Cl,): ¢ 18.63, 22.52 (PCH
CH,CH,P), 114.5, 120.4, 124.2, 125.2, 127.1, 128.8, 129.4, 129.5,
130.1, 131.8, 132.2, 132.9 (PhenyP (CD:Cly): 6 —9.37 Jpp= 32

Hz, Jept = 3695 Hz, P trans to O)-6.45 Jpp = 32 Hz, Jppt= 2671

Hz, P trans to N). IR (KBr, cm'): 3563 (OH), 3306 (NH). Yellow
single crystals suitable for X-ray diffraction were obtained from GICH
CHZCI/‘PrZO.

Preparation of [(dppp)Pt(#-NHNHPh)]2(X)2 4. X = BF4. Phen-
ylhydrazine (0.100 mL of 0.40 M C¥l, solution) was added to a
solution of [(dppp)P-OH)](BF4). (0.056 g, 0.040 mmol) in 1 mL
of CH.Cl,. The yellow solution was stirred at ambient temperature for
2 h. Addition of EtO (10 mL) to the solution afforded a yellow
precipitate. The precipitate was collected through filtration and washed
twice with E&O (3 mL) to obtain a light yellow solid (0.053 g, 85%).
Mp: 185-188°C.*H NMR (250 MHz CD,Cly): 6 1.82 (broad, 4H,
PCH,CH,CH,P), 2.55 (s, 2H, NH), 2.862.95 (broad, 8H, PCH
CH,CH,P), 5.76 (d, 4H,J = 7.59 Hz, NH), 7.1+7.80 (m, 40H,
phenyl).*3C NMR (CD.Cl,): 6 17.78 (R°H,CH,CH,P), 25.00 (PChCH,-
CH,P), 119.2, 123.2, 129.0, 129.2, 130.3, 131.9, 133.0 133.4, (Phenyl).
31P (CD.Cly): 0 —10.26 Jppi= 2860 Hz). IR: 3291, 3361 (NH). Yellow
single crystals suitable for X-ray diffraction were obtained from GICH
CH,CI/'BuOMe.X = OTf. A procedure similar to that for the BBalt
yielded the OTf salt. Anal. Calcd (found) for s§eeFsN4OcPas-
PtS,:0.5CHCl,: C, 46.48 (46.37); H, 3.82 (3.88); N, 3.16 (3.07).
Spectroscopic properties were essentially identical to those of the BF
salt.

Reaction of NH;NMe; with CH »Cl,. NHNMe; (0.060 g, 40 mmol)
was dissolved in CkCl, (5 mL). Colorless crystals of [M&I(CHy-
CI)NH_]CI suitable for X-ray diffraction were collected and washed
with CH.Cl, (5 mL) and E£O (10 mL). Yield: 0.080 g (90%). Anal.
Calcd (found) for GH1oNoClo: C, 24.85 (24.68); H, 6.95 (7.16); N,
19.32 (19.21). Mp: 118120 °C. *H NMR (DMSO-dg): 0 3.37 (s,
6H, Me), 5.52 (s, 2H, Ch), 6.54 (s, 2H, NH). 13C NMR (DMSO-dy):

0 53.31 (Me), 71.87 (Ch). IR: 3396, 3214 (NH). A similar procedure
with CICH,CH,ClI yielded [MeN(CH,CH,CI)NH,]CI.

Crystal Structure Analyses.Crystal data, reflection collection and
processing parameters, and solution and refinement data are summarized
in abbreviated Table 1. A full description is given in the Supporting
Information. Crystals were grown as described in the syntheses given
above. Crystals were mounted by pipetting crystals and mother liquor
into a pool of heavy oil. A suitable crystal was selected and removed
from the oil with a glass fiber. With the oil covered crystal adhering to
the end of the glass fiber, the sample was transferred to.aro
stream on the diffractometer, and data was collected at the temperatures
indicated in Table 1.
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Supporting Information Available: X-ray crystallographic files
in CIF format for the structure determinations of [(dp(u-n%1>
MeNNMe)](BF)2 1, [(dpppkPb(x—OH)u—NHNMey)](OTf). 2,
[(dpppYPt(u-OH)(u-NHNHPh)I(OTf)y, 3, [(dppp)Pt{t-NHNHPh)L-
(BF4)2 4, and [MeN(CH,CI)NH,]CI. This material is available free of
charge via the Internet at http://pubs.acs.org.

1C001432D





