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The heteroatom-substituted imido complexes [(L&NX)] T (X = NR, R = Ph, Me, Bz; X= OH, CI; L =
a phosphine) have been prepared from the reactions @gKN¥ith [(LAU) 3(«-O)]*". Thermally unstable [(LAwy

(u-NNMep)]™ (L = P@-XCeHag)s, X = H, F,

Me, Cl, MeO) decompose to the gold cluster [L&d] and

tetramethyltetrazene MEN=NNMe,. The decomposition is first-order overall with a rate constant that increases
with increasing [, of the phosphine ligand. Activation parameters for the decompositiondfe= 99(4) kJ/

mol andASF = 18.5(5) J/kmol for L = PPh and AH* = 78(3) kJ/mol andAS' = —47(2) J/kmol for L =
P({-MeOGsHy)s. The decomposition of analogous [(LA()-NNBz,)]* produces bibenzyl, indicative of the release

of free amino nitrene BAIN.

Introduction

Gold is exceptional in its ability to form compounds with

produced from the substituted hydrazingNRIH,.%21 Unlike
the dinitrogen/hydrazido complex, [(LA#«--NNR2)]™ (R =
alkyl) readily decompose in solution. Although Au is generally

unusual structures and properties. This Chemistry featureSnot Cata|ytica||y active (See refs 227 for a growing number

hypercoordinate complexésurophilic attractions;” numerous
clustersi~1% and recently a dinitrogen/hydrazido compféghis
dinitrogen/hydrazido complex [(LAg{u-N2)]?", formed from

of exceptions), the stability of metahitrogen bonds is relevant
to such diverse processes as ammonia oxid&#ol,NO, and
nitrite reductior?=33 and nitrogen fixatiort* We have therefore

hydrazine, a common reducing agent, is remarkably stable undertaken a study of the decomposition of [(L&u)NNR,)]
despite the notorious susceptibility of Au ions to reduction. The and have examined the influence of the phosphine ligaris p

gold(l) hydrazido complexes [(LAgju-NNRy)] ™ are similarly
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on the rate and activation parameters for the reaction. We have
also prepared the related isoelectronic complexes [(k(Av)
NCI]* and [(LAuk(u-NOH)]*™ and briefly examined their
stability.

Results
The white to yellow hydrazido complexes [(LAG-NNR,)]*
(R = Ph, L = PPh;?2! R = CHyPh (Bz), L = PPh, P(p-

MeOGsHa)z; R = Me, L = PPh,2L PEtPh, PPPhy, P(-tol)s,
P(p-FC6H4)3, P(p-C'C6H4)3, P(p-t0|)3, P(D-MeOCsH4)3) are
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Table 1. Crystallographic and Data Collection Parameters for
[{ (o-tol)sPAu} 3(u-NOH)]BF,-3THF and
[(PhePAU(u-NNMe,E)](OTH)-3THF

empirical formula GsHgsAuzBFJNO4P; C72Hs0AU3zFsN209P5S,

fw 1838.17 1979.31
space group P2:/n (no. 14) P1 (no. 2)
T(°C) 298 173

a(h) 15.813(8) 12.9750(8)
b (A) 26.145(4) 14.5771(9)
c(A) 17.768(8) 22.0437(14)
a (deg) 71.750(1)

B (deg) 96.98(2) 89.420(1)

y (deg) 68.236(1)

V (A3 7291(5) 3650.7(4)

z 4 2

dcalcd (g/cm3) 1.67 1.80

2 A 0.7093 (Mo) 0.7093 (Mo)
w(mm) 6.14 6.21
R12wR2 0.0499, 0.1320 0.0513, 0.1079

Figure 1. ORTEP drawing of the cationic portion df(p-tol)sPAu} -
(u-NOH)]BF4 with a hydrogen-bonded THF molecule. 2RL = (3lIFel — IFcl)/3IFol. "WR2 = [(3W(Fs® — F)?)/
SW(FAY2 with w = 1[04 (Fe?) + (xP)3; P = (Fo? + 2FA)I3, x =
obtained from [(LAu}x-O)]* and the 1,1-substituted hydrazines 0-1025 (NOH complex) and 0.0649 (NN complex).
RoNNH; according to eq 1. Several of these complexes are very
unstable in solution and must be isolated quickly to avoid
decomposition (see below). Once isolated in the solid state, the
complexes are stable.

molecule hydrogen-bonded to the hydrogen atom of the NOH

group. An abbreviated summary of crystal data collection and

processing is given in Table 1. Selected bond distances and
angles are listed in Table 2. The structure of the complex closely
resembles those of the many other [(LAW)E)]" deriva-

.
o j* NMezj tives’ 213543 including related [(LAU)(u-NOSiMes)]*+.44
LAU__/__'_XAuL MeaNNH, /]\ (1) The decomposition of the hydrazido complex [(LA(u);
g -H,0 "A”"IZA'O'?’"A“L NNMey)]* (L = PPh) has been reported to follow eq?3.

L L

+ 2+

An attempt was also made to prepare PAu)(u-NNPry)]
according to eq 1 (R= Pr). A reaction between the oxo complex 2 LAU{.»‘..}AuL
and PiNNH, does occur, but the hydrazido complex is not TAG LAu/f‘“\AuL
detected. Instead, the gold cludtd(PhsPAu)]?" and PbNN= L 3)
NNPr, form as the oxo complex [(RRAuU)(u-O)]* is con-
sumed. These are the same types of products produced in th&onsistent with previous work showing that the nuclearity of
decomposition of [(P#PAu)u-NNMe,)]* (see below), sug-  Phosphine gold clusters is dependent on the cone angle of the
gesting that [(P¥PAU)s(u-NNPri,)] + is formed but decomposes ~ phosphine ligand} this same equation also describes the
as quickly as it is produced. decomposition of the dimethylhydrazido [(LA)Y-NNMey)] "

Two other gold heteroatom-substituted imido complexes are complexes with L= a para-substituted arylphosphine ligand
prepared in reactions similar to that shown in eq 1. Colorless (cone angle 145 same as for PRpor PPhPr (cone angle
[(LAU) 3(u-NOH)]* is formed by treating [(LAWw(u-O)]* with 15C°). The product edge-shared bitetrahedral gold clusters

Me,NN=NNMe, +

hydroxylamine NHOH (eq 2, X= OH, L = PPh, P(o-tol)3), [(LAu)g]?" are readily identified by their known fluxional
behavior and characteristic UWis spectra! The fluxional
. X AT process involves exchange of the edge-shared positions with
/o\j YNH N the wing-tip positions and is observed in both proton &hri
LAu:;--‘--;:AuL 2 . LAU:_/__‘_\__AuL @ NMR spectra. Ambient-temperatuf® NMR spectra of the
“f\ﬂ 0 \\f‘ﬂ( para-substituted aryl phosphine ligand clusters show similar

shifts and fast exchange (single sharp peak) while theMPh
cluster shows intermediate exchange (very broad peak). Low-

NCIT™ i -
and [(LAul(u-NCI]™ is the product from the reaction of o0 atre spectra show the expected pair of peaks in a 2:1

[(LAU) 3(«-O)]* with chloramine NHCI (eq 2, X=CI, L =

PPQ). The triphenylphosphine derivative [(#Au)(u-NOH)I* (36) Nesmeyanov, A. N.; Perevalova, E. G.; Struchkov, Y. T.; Antipin,
is too unstable to isolate in pure form and decomposes cleanly M. Y.; Grandberg, K. I.; Dyadchenko, V. B. Organomet. Chem.
to the cluster [(P§PAu)]2t. In contrast, thed-tol)sP derivative 198Q 201, 343-349.

g i +: : h B (37) Ramamoorthy, V.; Sharp, P. Rorg. Chem.199Q 29, 3336-3338.
[{ (o-tol)sPAU} 5(u-NOH)]™ is stable in solution. [(P#PAU)s(u (38) Yang, Y.; Sharp, P. Rnorg. Chem.1993 32, 1946-1951.

NCI)]* decomposes over several hours at ambient temperatureg3g) Angermaier, K.; Schmidbaur, . Chem. Soc., Dalton Trang995
to mixtures of PBPAUCI and the nitrido complex [(Bh 559-564.

+1 it i i iti (40) Kolb, A.; Bissinger, P.; Schmidbaur, A. Anorg. Allg. Chem1993
PAu)N] ™.t The nitrido complex is also a major decomposition 619 15801588,

product of the silyl imido complexes [(L_AQ(V‘NSiR?)]Jr-ss (41) Canales, F.; Gimeno, M. C.; Jones, P. G.; Laguna@gew. Chem.,
An X-ray crystal structure determination of ¢¢ol)sPAu)s- Int. Ed. Engl.1994 33, 769-770.
(/l'NOH)](BF4) Confirms the expected structure. A drawing Of (42) Vincente, J.; ChICOte, M.-T.; Guerrero, R.; Jones, P. G.; de Are”ano,

the cationic portion is given in Figure 1 and includes a THF (43) %Zc,mﬁ{a{nggé.czfrf\]gg%? iﬁ’irﬁ%g‘ﬁfggségé‘_loo&

(44) Tripathi, U. M.; Scherer, W.; Schier, A.; Schmidbaur |ikbrg. Chem.
(35) Angermaier, K.; Schmidbaur, KChem. Ber1995 128 817—822. 1998 37, 174-175.
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Table 2. Selected Distances (A) and Angles (deg) for [(L&uYNOH)]BF, (L = P(o-tol)s)
Aul—Au3 3.1412 (7) Aut-Au2 3.1946 (7) Auz2-Au3 3.1767 (7)
Aul—P1 2.249 (4) Auz-P2 2.251 (3) Au3-P3 2.248 (4)
Aul—-N1 2.041 (10) Auz2-N1 2.033 (10) Au3-N1 2.000 (10)
01-N1 1.421 (13)
Au3—N1-Au2 103.9 (5) Au3-N1-Aul 102.0 (4)
Au2—N1-Aul 103.3 (5) NEAul—-P1 177.2 (3)
N1-Au2—-P2 177.7 (3) N+Au3—-P3 177.4 (3)
N1-Au3—Aul 39.5(3) OFN1-Au3 116.5 (8)
01-N1-Au2 116.4 (7) O+N1-Aul 112.8(8)
Table 3. Phosphine K, Values and Rate Constant Data for -0.1
Decomposition of [(LAu)(u-NNMe,)|BF4 at 298 K -0‘24t Cl
k(s k(s?) 03 N\ TF
L pK2  x 10° L pK2  x 10° a4l
(p-ClCeHs)sP  1.03  0.63(2) f-tol)sP 3.84 0.22(1) ED 051 TH MO
(P-FCeHs)sP  1.97 0.43(2) @§-MeOGH.)P 4.59 0.28(1) IN Me 0
PhP 2.73 0.30(1) 0.6 E
-0.74
apK, data taken from ref 45. 08

ratio. Evidently, exchange is more rapid for the clusters with

the smaller cone angle para-substituted arylphosphine ligands
than for the cluster with the slightly larger cone angle phosphine

PPhPY.

The known! larger cluster [(LAuyAuU]3t and [LAu] " are
the gold-containing products with the smaller cone angle
phosphine ligands I= PMePh (cone angle 122 and PPk
Me (cone angle 13% eq 4). Again, this is consistent with
previous work showing that the main determinant of the

pKa

Figure 2. log of the rate constants (298 K) for the decomposition of
[(LAu)3(#-NNMe)]BF4 versus the K, of L. The line represents the
least-squares fit excluding £ (p-MeOGsH,)3P.

indicates a stronger donor ligand, which retards the decomposi-
tion and gives a more stable hydrazido complex.

The temperature dependence of the rate constant was evalu-
ated for L= PPh and Pp-MeOGsH,)3. Data and a plot of In

nuclearity of phosphine gold clusters is the cone angle of the k versus 1T are given in the Supporting Information. Extracted

phosphine ligand*

3+

. Me,NN=NNMe, +

L + LAuL* Au

In an earlier communication the kinetics for the reaction in
eq 3 for L = PPh were reported to be second ordér.

activation parameters areH* = 99(4) kJ/mol and\S* = 18.5-
(5) J/IK-mol for L = PPy andAH* = 78(3) kJ/mol andAS* =
—47(2) J/Ikmol for L = P{p-MeOGCsH4)s.

The first-order decomposition of the hydrazido complexes
and the formation of tetramethyltetrazene suggest the formation
and dimerization of the nitrene MEN. FAB mass spectral data
for [(LAU)3(u-NNMep)]*™ (L = PPh) are also suggestive of
nitrene loss and show the [(LAg}) cluster as the major mass
peak above 1000. Experiments designed to trap free nitrene in
the decomposition were unsuccessful probably due to the low
reactivity of amino nitrene%! As an alternative approach, the
hydrazido complexes [(LAgju-NNBz;)]™ (L = PPh, P(p-

Subsequent reaction studies cast doubt on this result, and a reMeOGHa)3) were prepared as described above, and their
evaluation of the previous experiments revealed a systematicdeécompositions were examined. These compounds are more
error in the measurements that incorrectly led to this assignment.Stable than the dimethyl analogues and decompose over several
Kinetic measurements have been repeated here for the PPhdays to bibenzyl and [(LA4)** (eq 5). Tetrabenzyltetrazene
complex and completed for several para-substituted arylphos-iS not detected. The form_a_ltlon of bibenzyl is |nd|<_:at|ve of fr_ee
phine ligand complexes. The decomposition of eq 3 is first order BZ2NN, where the stability of the benzyl radical permits

in all cases studied.

First-order plots are given as Supporting Information. Rate
constants andKy, values for the phosphine ligands (taken from
ref 45) are listed in Table 3, and a plot of l&yersus the Ka
of the phosphine ligand is shown in Figure 2. A similar plot
(Supporting Information) but with an opposite slope is obtained
when logk is plotted against the phosphine ligand electronic
parametely.*647 An inverse relationship between th&pand
x values of the phosphine ligand is expected with this set of
isosteric,o-donor ligandg’®-5° With the exception of L= P(p-
MeOGsH.)s3, a linear relationshiprg = 0.988) is observed with
larger K, values, giving smallek values. A larger K, value

(45) Rahman, Md. M.; Liu, H. Y.; Prock, A.; Giering, W. Rrganome-
tallics 1987, 6, 650-658.

(46) Tolman, C. AChem. Re. 1977, 77, 313-348.

(47) Bartik, T.; Himmler, T.; Schulte, H.; Seevogel, K.1.0Organomet.
Chem.1984 272, 29.

decomposition of the nitrene to bibenzyl and dinitrogen before
dimerization>!

+ 2+
N(CHQPh)Z N, LAu_L __AuL
2 / \ + + //(\u
LAuz:--|--=-Aul - / A
“Ad PhCH,-CHPh | a1V —AuL
L (5)

The likely involvement of the hydrazido nitrogen lone pair
in the decomposition of [(LAwu-NNR2)]* prompted us to
investigate the reaction of [(LA&(u-NNR)]™ with alkylating

(48) Liu, H.-Y.; Eriks, K.; Prock, A.; Giering, W. FOrganometallics199Q
9, 1758-1766.

(49) Rahman, Md. M.; Liu, H. Y.; Prock, A.; Giering, W. Brganome-
tallics 1989 8, 1-7.

(50) Hudson, R. H. E.; Poé\. J. Organometallicsl995 14, 3238-3248.

(51) Loffe, B. V. Russ. Chem. Re1972 41, 131.
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Figure 3. ORTEP drawing of the cationic portion of [(FPAU)s(u-
NNMezEt)](OTf)z.

reagents. Addition of methyl or ethyl triflate to a decomposing
solution of [(PRPAu)(u-NNMe,)]* results in a stable solution
of [(PhsPAu)(u-NNRMe)]?t (R = Me, Et, eq 6). The alkylated

Inorganic Chemistry, Vol. 39, No. 3, 200605

complex to Au(0). The general trend of greater stability of
[(LAu) 3(u-NNRy)]* with more strongly donating L is consistent
with this process, where greater donation from L stabilizes the
Au(l) centers to reduction. The deviation of the = P(p-
MeOGsH4)3 derivative is unusual. Linear relationships between
the log of reaction rate constants and phosphine ligakg p
values (or the phosphine ligand electronic parametehave
been found for other systems, and para-substituted triarylphos-
phines have generally fallen on the linear IFi&he deviation

of the L = P({p-MeOGsH,)3 derivative is discussed below in
conjunction with the activation parameters.

The qualitatively decreasing stability of the complexes §Ph
PAu)(u-NNRy)]*, R=Ph> Bz > Me > P/, is also consistent
with reduction of the gold(l) centers in the rate-determining step
and follows the expected increasing reducing strength of the
hydrazido unit. Steric factors in this sequence are unlikely to
be significant as the R groups are fairly far removed from the
Au centers. This is supported by an examination of the structure
of [(PhsPAu)s(u-NNMe,Et)]?+, which does not show any close
intracation contacts involving the NNMEt group.

Although the comparison is less direct, [(PAuU)s(«-NOH)]+
is much less stable than its closest analogue sFRI)s(u-

complexes are much more stable than the parent hydrazidoNNMey)]* and decomposes to give reduced Au centers. This
complexes and solutions remain unchanged for days. Relatedsuggests that the HON group is more strongly reducing than

[(LAu) 3(u-NPRs)]?* are also known to be very stalf#>3

R
6

An X-ray crystal structure determination of [(JAuU)(u-
NNEtMe,)](OTf), confirms the expected structure. A drawing
of the cationic portion is given in Figure 3. An abbreviated
summary of crystal data collection and processing is given in

the RNN group, which is inconsistent with the expected greater
donor strength of RN over HO. However, we do not know the
decomposition mechanism of the hydroxylamine complex,
where factors such as hydrogen bonding (see Figure 1) may be
involved. The MgSiON complex is apparently stabtebut the
MesSi group is electron withdrawing, and the j#ON group
is expected to be less reducing than the HON group. Investiga-
tion of the O-methylhydroxylamine complex would be informa-
tive.

Further support for amino nitrene loss is the posithg for
the decomposition of [(RRAU)(u-NNMey)] *. Positive values

Table 1. Selected bond distances and angles are listed in Tabldor AS* are indicative of “loose” or simple fission transition

4. As with the hydroxylamine complex, the structure closely

resembles those of the many other [(LAW)E)]" deriva-
tives 21,3544

Discussion
A proposed mechanism for the decomposition of [(LAu)

state&® such as that expected in the rupture of the-Aubonds.
The relatively large negative value &S for the L = P(p-
MeOGsH,)3 derivative is in sharp contrast and suggests a more
ordered transition state. TheH* values also differ significantly.
Consistent with the unexpectedly facile decomposition of the
L = P({p-MeOGsH,)s derivative, the transition state for the L

(u-NNRy)]*, consistent with the evidence of free nitrene, mass = P({P-MeOGH,)s derivative is 20 k/mol more accessible than
spectral data, and the first-order reaction rate, is given in Schemethat for the L= PPh derivative. These differences do not affect
1. The rate-determining step involves the release of the stabilizedthe products of the decomposition, and evidence for free nitrene

amino nitrene NNR (see resonance forms) from the three gold
centers of [(LAu}(u-NNR)]™. The amino nitrene NNRmay
than follow two paths (A and B). A review of the chemistry of
N-nitrenes by Loffé! discusses various studies of substituted
hydrazine oxidation and the fate of the resulting amino nitrenes.
Amino nitrenes containing R groups with relatively stable
radicals (such as benzyl, allyl, and nitrile groups) favor
decomposition to Rand N, while those containing R groups
with less stable radicals (such as Me and) Buarvive long

(formation of bibenzyl) is found for both phosphine ligand
derivatives.

The results for the PEMeOGsH4); derivative suggest that
the complex is able to achieve a configuration or conformation
where the Au(l) centers are more easily reduced than expected
from the K, value of Pp-MeOGCsH,)s. This in turn suggests
that the phosphine ligand can transiently become a weaker
donor. Thep-MeO group is unique in the series studied here in
that the effect of this para-substituent primarily involves

enough to dimerize to the tetrazene (Scheme 1, path A). Theresonance donation into the phenyl ring (Scheme 2). (In fact,

observation of tetrazine for R Me and Prand bibenzyl for R
= Bz in the decomposition of [(LAufu-NNRy)] " is indicative
of the formation of free amino nitrenes.
The rate-determining step in Scheme 1 involves the formal
reduction of two of the three Au(l) centers of the hydrazido

the weaker inductive effect of the MeO substituent is opposite
and withdraws electron density from the ring.) Maximum
resonance donation requires that the MeO group lie in the plane
of the phenyl ring. Rotation of the MeO group out of optimum
donation reduces the phosphine donor strength. This process,

(52) Bauer, A.; Gabbai, F.; Schier, A.; Schmidbaur,Rtilos. Trans. R.
Soc. London, Ser. A996 354, 381—394.

(53) Bauer, A.; Mitzel, N. W.; Schier, A.; Rankin, D. W. H.; Schmidbaur,
H. Chem. Berl1997, 130, 323.

(54) Golovin, M. N.; Rahman, M. M.; Belmonte, J. E.; Giering, W. P.
Organometallics1985 4, 1981-1991.

(55) Gilbert, R.Theory of Unimolecular Recombination ReactioBkck-
well Scientific: Oxford, England, 1990.
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Table 4. Selected Distances (A) and Angles (deg) for PAu)(u-NNMe,E)](OTH),
Aul—Au3 2.9813 (5) Aut-Au2 3.0669 (5) Auz-Au3 3.1626 (5)
Aul—-P1 2.246 (2) Au2P2 2.239(2) Au3-P3 2.241(2)
Aul—N1 2.082 (6) Auz-N1 2.052 (7) Au3-N1 2.084 (6)
N1—-N2 1.456 (9)
Au2—N1-Aul 95.8 (3) Au2-N1-Au3 99.8 (3)
Aul—N1-Au3 91.4(2) Nt-Aul—P1 171.93 (18)
N1-Au2—-P2 169.76 (18) NZAu3—P3 170.69 (19)
N2—N1—-Aul 121.1 (5) N2-N1—-Au2 122.3(5)
N2— N1-Au3 119.8(5)
Scheme 1 important in the stability of these complexes. This is shown
R=Me P/ most clearly by the qualitatively.gre'ater stab@lity of the=L.
R + N-NR, W 0.5 RoNN=NNR, (o-tol)sP over the L= (p-tol)sP derivatives despite a loweKp
R-q: ] value for E-tol)sP (3.08 versus 3.84). We have previously noted
N 1 a phosphine ligand steric effect in the structures of the oxo
A au :N=NR; R=8Bz Bz, + N, complexes [(LAu;)_(u-O)]_+ , Where the A0 tetrah(_edro_n expands
Y Tan L + path B at the Ay base with an increase in the phosphine ligand’s cone
| . angle® This results in longer AgAu distances, which could
L (LAu)3 ——»  Gold Cluster . . .
be an important parameter here as the release of the nitrene is
Scheme 2 expected to be accompanied by the formation of cluster Au
Au bonds. This implies that the “aurophilic” interaction is a
Me - vital component in the decomposition reaction.
P @ 8)‘ — P owe Finally, we come to the question of why the hydrazido
3 3 complexes [(LAW(u-NNRy)] ™ are less stable than the dinitrogen

occurring on one or more of the rings of the phosphine ligands,
would lead to an easier than expected reduction of the Au(l)
centers and, as a more organized configuration, a negagfe

As a transient kinetic effect this would not contribute signifi-
cantly to g<5 and other thermodynamic measureméfit& It
may not have been observed in other kinetic stG8ifés’™ either

because the reactions are relatively insensitive to electronic

contribution or because reaction acceleration occurs with
increasing phosphine ligand donor strength (e.g., oxidative

complex [(LAuk(u-N2)(AuL)3]?". Given the decomposition
mechanism of Scheme 1, it is apparent that the stabilization of
the nitrene by the lone pair on the amino group is critical. Such
a lone pair is absent in the dinitrogen complexes. Elimination
of the nitrogen lone pair of [(LAuu-NNMe;)]* by alkylation
does effectively halt decomposition in the product [(L&u}
NNRMe»)]2" (R = Me, Et).

Conclusions

We have reported the synthesis and characterization of a series

addition and nucleophilic attack by phosphines), opposite that of heteroatom-substituted gold imido complexes including the

with the hydrazido complexes here.
Somewhat surprisingly, considering the low coordination

novel complex [(LAuy(u-NCI)]". We have demonstrated that,
with the exception of I= P(p-MeOGsH,)3, the stability of the

number of gold(l), phosphine ligand steric factors appear to be [(LAu)3(u-NNR2)]™ has a linear free energy relationship with
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the donor strength () of the phosphine ligand L. The
decomposition of [(LAw(u-NNRy)]* involves the release of a
free nitrene NNRwith, for L = PPh, a “loose” transition state.

A more ordered transition state and a faster than expected
decomposition rate for I= P({p-MeOGCsH4); are attributed to
resonance donation loss in the phosphine ligand by rotation of
the MeO group out of the phenyl ring plane. Decomposition is
blocked by alkylation of the hydrazido ligand, thereby eliminat-
ing the stabilizing nitrogen lone pair. Larger phosphine ligands
retard the decomposition, suggesting that-Aw interactions

are also important in the transition state.

Experimental Section

General Procedures.Unless otherwise stated, the reactions were
performed under a nitrogen atmosphere using a VAC drybox or Schlenk
techniques. Dry THF, toluene, diethyl ether, £H, and hexane were
obtained by passing the solvent down an activated alumina column.
Non-chlorine-containing solvents were stored over Na shavings. Me
NNH; and PENNH,-HCI were purchased from Aldrich Chemical Co.
and used as received. [(LAGY-O)]X (X = BF,; OTf),%6:38401 1-
dibenzylhydraziné® 1,1-diisopropylhydraziné hydroxylamine’’ and
chloroaminé® were prepared according to literature procedures. Infrared
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spectra were obtained with a Nicolet Magna-550 spectrometer: UV
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(250 MHz, CDCH): 6 7.01-7.33 (m, 36H, Ph), 2.84 (s, 6H,-NCH3),

vis absorption spectra were recorded on a Hewlett-Packard 8452A2.34 (s, 27H, ring-Ch).

diode-array spectrophotometer. NMR spectra were recorded on a Bruker

ARX-250 NMR or a Bruker AMX-500 instrument at ambient temper-
ature unless otherwise indicatéH. and®*P chemical shifts are reported
in parts per million and are referenced to TMS (internal) and 85% H

L = PPhs. This complex was prepared by a procedure analogous to
that used for L= P(o-tol); and was isolated in an 92% yield as a pale
brown solid. Anal. calcd (found) for 4gHs1AuUsBF4NoPs: C, 44.17
(44.30); H, 3.38 (3.37); N, 1.84 (1.80}P NMR (250 MHz, CDGJ):

PQ, (external) standards, respectively. FAB mass spectra were collectedd 29.2 (s).'H NMR (250 MHz, CDC}): 6 7.25-7.48 (m, 45H, Ph),

on a VG ZAB-SE spectrometer with a glycerin/3-nitrobenzyl alcohol

2.82 (s, 6H, N-CHs). FAB MS: m/z1435 ([(LAu)(u-NNMey)]*), 1377

matrix. Desert Analysis, Oneida Research Services, Inc., National ([(LAu)3]"), 721 ([L,Au]™), 459 ([LAU]Y).

Chemical Consulting, Inc., or Chemisar Laboratories Inc. performed
the elemental analyses.

Preparation of Ph,NNH,. NaOH (150 mg, 3.75 mmol) was
dissolved in 100 mL of water. This solution was added dropwise with
stirring to 500 mg (2.27 mmol) of BNNH2-HCI. The mixture was

L = PEtPh,. This complex was prepared by a procedure analogous
to that used for L= P(o-tol); and was isolated in an 85% vyield as a
pale brown solid®!P NMR (101 MHz, CBCly): 6 29.8 (s).'H NMR
(250 MHz, CBCly): 6 7.97-7.02 (m, 30H, Ph), 2.84 (s, 6H, NMe
2.45 (dg,Jy-n = 7.6 Hz,Jy—p = 10.4 Hz, 6H, G,CH3), 1.17 (dt,

stirred for 1.5 h, transferred to a separatory funnel, and extracted threeJu—p = 21.3 Hz, 9H, CHCHj).

times with CHCI, (3 x 2 mL). The CHCI; solution was dried with
CaSQ. The dry solution was separated from the Ca3@d all volatiles
were removed in vacuo. Crystallization of the resulting oily residue
was achieved by dissolving the oil in a minimum amount of hexane
and cooling overnight at30°C. The product was isolated by decanting
the mother liquor and drying the pale yellow crystals in vacuo. Yield:
200 mg (48%). Mp 3335 °C.

[(PhsPAu)s(#-NNPhy)|BFs. PRbNNH, (9.2 mg, 0.05 mmol) was
added to a stirred solution of [(BPAU)(x-O)]BF4 (74 mg, 0.05 mmol)
in CH,Cl; (0.5 mL). The solution immediately turned bright yellow.

L = PPr'Ph,. This complex was prepared by a procedure analogous
to that used for L= P(o-tol); and was isolated in an 80% vyield as a
pale brown-yellow solid®P NMR (101 MHz, CDCly): o 43.3 (s).

IH NMR (250 MHz, CDCl,): 6 7.85-7.11 (m, 30H, Ph), 2.93 (s,
6H, NMe,), 2.91 (dsept,Jy-n = 6.8 Hz, Jy-p = 12.6 Hz, 3H,
CH(CHs)2), 1.18 (dd,Jy-p = 19.5 Hz, 18H, CH(El3)2).

[(LAu) 3(#-NOH)]BF4. L = P(o-tol)s. NH.OH (5 mg, 0.2 mmol)
was added to a Ci€l, (1 mL) solution of [(LAu}(u-O)]BF4 (50 mg,
0.031 mmol). After 10 min, the product was precipitated with diethyl
ether as a white solid. Yield: 93%. White crystals suitable for X-ray

After about 10 min, excess ether was added. The resulting yellow solid analysis were obtained from concentrated THF solutions at room

was isolated by filtration, washed with ether, and dried in vacuo.
Yield: 70 mg (85%).3'P NMR (101 MHz, CBCl,): ¢ 28.7 (s).*H
NMR (250 MHz, CD.Cl,): 6 6.85-7.45 (m, Ph). The crystal structure
of this complex has been report&d.

[(LAu) 3(#-NNBZz)]BF4. L = PPhs. Dibenzylhydrazine (0.17 g, 2.9
mmol) was dissolved in 1 mL of Ci€l,. An aliquot of this solution
(0.23 mL, 0.068 mmol) was added dropwise with stirring to Ph
PAu)(u-O)]BF4 (0.10 g, 0.068 mmol) dissolved in 5 mL of GEl, at
0 °C. After 0.5 h at 0°C, the product was precipitated with diethyl
ether as a light brown solid. Yield: 94 mg (92%¥ NMR (250 MHz,
CD,Cly): 6 29.4 (s).'H NMR (250 MHz, CDCl,): 6 6.8-7.4 (m,
55H, Ph), 4.18 (s, 4H, C#Ph).

L = P(p-MeOCgH4)s. This complex was prepared by a procedure
analogous to that used for# PhP and was isolated in an 86% yield
as a pale brown solid!P NMR (101 MHz, CRCL,): 6 25.4 (s).*H
NMR (250 MHz, CDCly): 6.6-7.4 (m, 46H, Ph), 4.16 (s, 4H, GH
Ph), 3.73 (s, 27H, OC#. FAB MS: m/z1857 ([(LAu)(u-NNBz)]™),
1647 ([(LAu)]™), 901 ([L,Au]™), 549 ([LAU]Y).

[(LAu) 3(u-NNMe)]BF4. L = P(o-tol)s. Me:NNH; (5.3 4L, 0.068
mmol) was added to a stirred GEl, (2 mL) solution of [(LAuk(u-
0)|BF4 (109 mg, 0.068 mmol). The solution rapidly turned from
colorless to pale yellow. After 5 min, the off-white product was
precipitated with diethyl ether, recovered by filtration, washed with
ether, and dried in vacuo. Yield: 102 mg (91%P NMR (101 MHz,
CD.Cl): 6 9.6 (s).'H NMR (250 MHz, CQCly): ¢ 6.82-7.61 (m,
36H, Ph), 2.37 (s, 27H, tol-Cf}{ 2.62 (s, 6H, NMg).

L = P(p-ClCeH4)s. This complex was prepared by a procedure
analogous to that used for £ P(o-tol); and was isolated in an 85%
yield as a pale brown solid*P NMR (101 MHz, CRCl,): d 28.4 (s).

IH NMR (250 MHz, CDCl,): 6 6.64-7.75 (m, 36H, Ph), 2.78 (s,
6H, N—CH3).

L = P(p-MeOCgH4)s. This complex was prepared by a procedure
analogous to that used for £ P(o-tol); and was isolated in an 88%
yield as a pale brown solid*P NMR (250 MHz, CDCJ): 6 25.9 (s).

14 NMR (250 MHz, CDC}): ¢ 6.74-7.39 (m, 36H, Ph), 2.85 (s, 6H,
N—CHj), 3.78 (s, 27H, G-CHg).

L = P(p-FCeH4)s. This complex was prepared by a procedure
analogous to that used for £ P(o-tol); and was isolated in an 83%
yield as a pale brown solid*P NMR (250 MHz, CDCJ): 6 27.5 (s).

14 NMR (250 MHz, CDC}): ¢ 6.76—7.50 (m, 36H, Ph), 2.89 (s, 6H,
N—CHj).

L = P(p-tol)s. This complex was prepared by a procedure analogous
to that used for L= P(o-tol); and was isolated in an 78% yield as a
pale brown solid3*P NMR (250 MHz, CDCJ): 6 27.9 (s)."H NMR

temperature3!P NMR (101 MHz, CBCly): d 6.5 (s).*H NMR (250
MHz, CD.Cl,): 6 6.84-7.53 (m, 36H, Ph), 4.76 (g-n = 2.13 Hz,
1H, OH), 2.39 (s, 27H, Ck). IR (mineral oil, cnml): 3437 m @op).

L = PPhs. This complex was prepared by a procedure analogous to
that used for L= P(o-tol)s. However, the complex is very unstable in
solution (complete decomposition to [(LAJJ™ after 20 min at ambient
temperatures) and could not be isolated in pure fé#f.NMR (101
MHz, CDCl): 6 29 (s). ThetH NMR spectrum shows a quartet for
the NOH group similar to that for the & P(o-tol); derivative.

[(AuPPh3)sNCI](BF 4). [(PhsPAu)(1-O)]BF4 (100 mg, 0.062 mmol)
was dissolved in 10 mL of Cf€l,. The solution was cooled to T,
and freshly prepared chloroamine (&aM in diethyl ether) was added
until 3P NMR spectra of the reaction mixture showed complete
consumption of the oxo complex (24 ppm). The product was precipi-
tated with diethyl ether as a white solid. Yield: 56 mg (56%7.NMR
(250 MHz, CHCIy): 6 29.1. Anal. calcd (found) for EHsAusBCIF,-

NP;: C, 42.8 (43.1); H, 2.97 (3.01); N, 0.92 (0.74).

[(LAU) 6](BF 4)2. L = P(p-CICeHa)s. [(LAU) 3(u-NNMe2)]BF4 (55 mg,
0.03 mmol) was dissolved in THF with stirring. A deep red solution
was generated in 1 h. Excess ether was added. The red-brown solid
product was isolated by filtration, washed with ether, and dried in vacuo.
Yield: 48.4 mg (91%)%'P NMR (101 MHz, CRCl,): 6 57.6 (s). UV~
vis (THF): Amax (nm) 408, 295, 252. Anal. calcd (found) forddH7>
AueB,FsCligN,: C, 36.55 (36.12); H, 2.04 (2.03).

L = PPriPh,. [(LAu)3(u-NNMey)]BF4 (56.8 mg, 0.04 mmol) was

dissolved in THF with stirring. A cloudy solution formed after 0.5 h.
The reaction mixture was stirred for 2 days. The resulting precipitate
was recovered by filtration, washed with THF, and dried in vacuo.
Yield: 39.2 mg (72%). The NMR spectra are exchange-broadened at
ambient temperatures (see the te¥p. NMR (101 MHz, CDCl,): 6
71.1 (br s,vi2 = 2500 Hz).3'P NMR (=50 °C, 202 MHz, CRCLy):
0 78.1 (s, 2P), 67.6 (s, 4PH NMR (500 MHz, CQCl,): ¢ 3.6 (br s,
v =37.5 HZ), 291 (bl’ Syy, = 31.3 HZ), 1.2 (bl’ sy, = 37.5 HZ),
1.03 (br s,v12 = 37.5 Hz). UV=vis (CHClp): vmax (nm) 474, 446,
310, 280, 268, 234. A similar procedure gives the known;RB60%o)
and Pp-tol); derivativest!

[(Au 12(PPhMe)10](BF 4)3. MeaNNH; (3 mg, 0.05 mmol) was added
to a white suspension of [(ElePAu)(u-O)]BF4 (66.8 mg, 0.05 mmol)
in THF (2 mL) with stirring. A homogeneous red solution rapidly
formed. After the solution was stirred for 2 h, a red precipitate along
with a deep red solution had formed. All volatiles were removed in
vacuo, and the red residue was dissolved in 2 mL of@ The CH-

Cl, solution was filtered through Celite, and excess ether was added.
The resulting red solid was isolated by filtration, washed with ether,
and dried in vacuo. Yield: 48.7 mg (88.0%). A similar procedure gives
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the PMePh derivative. Spectroscopic data (NMR and -Y\s) for
both derivatives agree with literature valués.

[(PhsPAu)s(u-NNEtMe,)](OTf)(BF 4). Ethyl triflate (0.05 mmol, 8.0
mL) was added to a Ci€l, (2 mL) solution of [(PBPAu)(x-NNMey)]-

BF, (0.033 mmol, 50 mg). After 2 min, the yellow solid product was
precipitated with diethyl ether. Yield: 45 mg (88%6}P NMR (250
MHz, CD,Cly): ¢ 29.6 (s).*H NMR (250 MHz, CBCly): 6 7.25—
7.53 (m, 45H, Ph), 4.11 (gl4-1 = 7.1 Hz, 2H, NG4CHs), 1.80 (t,
3H, NCH,CHj3), 3.66 (s, 6H, NMg).

[(PhsPAu)s(#-NNRMe)](OTf).. R = Et. This complex was
prepared in a manner similar to that of [@PIAu)(«-NNEtMe,)](OTf)-
(BF4) above by using [(P#PAu)(u-NNMe,)]OTf in place of [(Ph-
PAu)(u-NNMe,)|BF,. Yield: 95%. NMR spectroscopic data were
identical to those of the mixed salt above. Anal. calcd (found) for
CsoHssAUsFsN206PsS,: C, 40.9 (416), H, 3.2 (32), N, 1.6 (16)
Crystals for the X-ray diffraction study were grown from a THF solution
layered with E2O (=20 °C).

R = Me. This complex was prepared in a manner similar to that of
[(PhsPAU)(«-NNEtMey)](OTH)(BF4) above by using [(PPAU)(u-
NNMe,)]OTf in place of [(PRPAu)(1u-NNMe2)]|BF, and methyl triflate
in place of ethyl triflate. Yield: 95%3P NMR (250 MHz, CDCl,):

0 29.7 (s).MH NMR (250 MHz, CDC}):  7.26-7.50 (m, 45H, Ph),
3.84 (s, 9H, NMe).

Kinetic Measurements. Method 1 (L= PPhg Only). [(PhsPAU)-
(u-NNMe)]BF4 (5.8 mg) was dissolved in 0.70 mL of GEl,. The
reaction was followed by monitoring the decrease in integrédf28iMR
intensity of the resonance of the starting complex [(Audpii-
NNMe;)]BF4 with respect to the increase in intensity of the resonance
of the product [(AuPP4s](BF)2. 3'P NMR spectra were recorded every
6 min for 1 h. The temperature was maintained at 298 K.

Flint et al.

Method 2. Solid [(LAu)s(u-NNMey)1BF4 (15 mg) was mixed with
[PMePh]BF4 (5 mg) in a 5 mm NMRtube. CHCI, (0.50 mL) was
added, and the sample was transferred to the NMR probe set at the
desired temperature. The sample was scanned every 2 min for a total
time of about 40 min, depending on the half-life of the compound.
Early time points (+5 min), where the sample was thermally
equilibrating with the probe, were discarded. The signal from PMe
Ph was used as an internal integration standard for the reacting
hydrazido complex. This method gave results identical to those of
method 1 (L= PPh), indicating that the internal standard does not
alter the decomposition of the complex.
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