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Summary

The synthesis and structural characterization by 'H NMR and !°*’Au
Mdssbauer spectroscopy as well as by chiral labelling of thebuilt-in ligands of
three different types of arylgold(I) compounds is desecribed. °7 Au Mdssbauer
data revealed that the benzyl- and arylgold(I) triphenylphosphine complexes
which bear potential coordinating substituents at an ortho position still contain
linearly coordinated Au! with 2¢-2e gold(I)—carbon bonds. The observation of
isochronous NMe resonances in (S)-2-Me,NCH(Me)CsH;AuPPh; confirms that
no additional intramolecular Au—N coordination occurs in solution. Prelimi-
nary results of an X-ray diffraction study of 2,6-(Me0O),CsH;AuPPh, are
reported (R = 0.040, PAuC, angle 172.6°. Unsymmetrical AuC,C, and AuC,Cq
angles of 126.4 and 117.4°, respectively).

Pure, uncomplexed arylgold(I) compounds have been isolated from the reac-
tion of diarylgoldlithium compounds (arylaurates) with trimethyltin bromide.
(S)-2-Me,NCHMeCsH;Au has a dimeric structure which most likely consists of
two monomeric units associated by intermolecular Au—N coordination thus
forming a ten-membered chelate ring. The structure of insoluble
2-Me,;NCH,CsHsAu and 2-Me,NCgH;Au are less clear. The former compound
probably has a structure similar to (S)-2-Me,NCHMeCH.Au (IS/QS values for
two-coordinate Au' centers). However, the strongly deviating IS and @S values
of 2-Me,NC,H.Au indicate that a polynuclear structure for this compound

* For part XXXIf, see ref, 1.
** To whom correspondence should be addressed.
T Present address: Anorganisch Chemisch Laboratorium, University of Amste:dam Nieuwe Achter-
g=zciit 166, 1018 WV Amsterdam, The Netherlands.
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similar to that proposed for 2-Me,NCH,;Cu cannot be excluded (a polymeric
structure containing 2-Me,NCz;H, groups which span three Au atoms by 3¢c-2e
Au,C bonds and Au—N coordination).

The mixed Au/Cu cluster (2-Me,NCH,C¢H,)sAu,Cu, is accessible via the 1/2
reaction of (2-Me,NCH,C¢H,)sAu,Li, with Cul. Molecular weight and 'H NMR
studies point to a tetranuclear structure in solution, while mass spectrometry
shows fragment ions with m/e corresponding to (2-Me,NCH,CsH,;);Au,Cu,",
(2-Me,NCH,CH;);Cu,Au’, (2-Me,NCH,C¢H;),CuAu,’ and of
(2-Me,NCH,CcH,),Au". .

Introduction

Introduction of built-in ligands NMez, OMe, Pth, SOzNMez and CHzNM82
into the organo group in the vicinity of the M—C bond has been shown to be a
useful means of stabilization of the metal IB—carbon bond in organometal IB
compounds [2]. Thus, a variety of stable aryl [2,3], alkenyl [4] and aryl-
ethynyl [5] metal IB compounds (both homo- and hetero-nuclear [6]) has been
prepared, for some of which the structure has been established unambiguously
by X-ray diffraction. The hydrocarbon-soluble compounds among these have
~ discrete polynuclear structures in which aryl, alkenyl and alkyny! groups are

bonded to a central metal core by 3c-2e bonds *.

Complex formation by the built-in ligand with the IB metal is not the only
stabilizing factor. Bulkiness of the built-in ligand (e.g. Me,NCHMe instead of
Me,NCH,) is an important additional factor [9a,10]. In a recent paper we have
presented a rationale for these observations [10]. The observation that the
ortho-substituted arylmetal IB compounds 2-isopropyl- and 2-isobutyl-phenyl-
copper and 8-phenylnaphthylcopper {11], which lack coordinating substi-
tuents, display greater thermal stability than phenylcopper illustrates the
important influence of steric crowding near the M—C bond [10].

We have extended our study of the nature of the bonding in organocopper
compounds [{10,12] to arylgold(I) compounds. In this connection the recently
reported structural features of some arylgold(I) compounds are relevant. As
shown by X-ray analysis the organo-gold(I) complex CpFeCsHs(AuPPh;),"BF,~
contains electron-deficient Au—C bonds [7c]. Bridging phenyl groups have
been proposed for triphenylgold(I)zinc dimer [14]. In contrast, Vaughan has
proposed a trimeric structure with 2¢-2¢ Au—C bonds and intermolecular
Au—N coordination for 2-pyridylgold {13].

The coordination behaviour of Cu! and Ag' compounds and that of Au?
compounds display some important differences. Cu! and Ag! can either be
two-, three- or four-coordinate, whereas Au' prefers to be linearly two-coordi-
nate {15]. In arylcopper and arylsilver compounds lacking intramolecular
coordinating substituents the metal atom is two-coordinate by taking part in

* Recently, Nesmeyanov et al. showed that this concept can also be extended to the synthesis of
stable ferrocenyl-copper {7al and -silver compounds [7b]. For example, tetrameric
CpFeCsH3(CHoNMe3)M (M = Ag or Cu) appears to have a similar structure to the 2-Me; NCH -
substituted arylcopper compounds for which we reported a crystal structure in 1972 [8].
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two 3c¢-2e M—C interactions [e.g. (2-MeCgH,Cu), [9], polymeric (CsHsCu),
[2d] and (CsHsAg),. [16]]. Three-coordination is usually observed if a
built-in ligand is present [e.g. (5-Me-2-Me,NCH,C¢H,)4Cu, [8,12a]]. It seems of
interest to see whether intramolecular coordination occurs in the corresponding
arylgold(I) compounds containing such built-in ligands. Assuming again 3c-2e
bonding for the aryl group this would seem to be less likely in view of the pre-
ference of Au! for two-coordination. This point of view finds support in the
structures of (2-Me,NCH;),Au,M,X, (M = Cu' or Ag'; X = halogen or OTY)
[6]. In these hexanuclear clusters the two Au atoms occupy the apical posi- '
tions which have a distinct linear coordination symmetry.

In this paper * we report the synthesis of arylgold(I) compounds containing
built-in ligands as well as the results of a structural investigation using '"H NMR
and 7 Au Mossbauer spectroscopy and chiral labelling of the built-in ligand.

Results

The arylgold triphenylphosphine compounds IV, in which the aryl group
bears on one or both ortho positions MeO, Me,N or Me,NCH, groups as built-in
ligands, were isolated from the 1/1 reaction of the respective organolithium
compounds [2] with bromo(friphenylphosphine)gold(I). The benzylgold com-
plex VI was prepared similarly. The compounds were identified by elemental
analyses (C, H, N, Au and P), by NMR spectroscopy (vide infra) and by IR
spectroscopy. The complexes I—V1 exist in benzene as discrete monomeric
species (osmometry).

R' R
@—(CHZ),,L; + BrAuPPh; — @—(CHz),,Auppn3 + LiBr

(ArLi) (I-VI)
. (I), n=0, R = 2-Me,NCH,
(I1), n=0, R = (5)-2-Me,NCHMe
(III), n=0, R'= 2-MezN
(IV), n=0, R'= 2,6-(Me0);,
(V), n=0, R = 24,6-(MeO);
(VI), n=1, R =2-Me,NCH,

The reactions performed with a 2/1 (ArLi/Au) molar ratio gave the corre-
sponding diarylgoldlithium compounds VII—X and free triphenylphosphine.
These compourids were also prepared via the 1/1 reactions of the arylgold
triphenylphosphine compounds I—IV with the appropriate aryllithium deriva-

.tives [18].

The diarylgoldlithium compounds VII—X (also called arylaurates) are soluble
in benzene and slightly soluble in ethers, whereas X is only soluble in strongly
coordinating solvents such as pyridine. They have a surprisingly high thermal
stability, which is demonstrated by decomposition points as high as 180°C.

* Part of this work was described in preliminary communications [17].
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However, the arylgoldlithium compounds are very sensitive towards hydrolysis.

a BrAuPPhs
-LiBr; -PPhs

{3 ]

RQL;__ L R@_ Aui

2

(ArLD ArAuPPh3
o == - VIT-X)
(VII), R'=2-Me,NCH,
(VIID), R'=(§)-2-Me,NCHMe

(IX), R'= 2-MesN
(X), R'= 2,6-(MeO),

The reaction of 2-Me,NCH,CcH, 11 tetramer with ClIAuAsPh; was studied as
a possible route for the synthesis of the organogold compounds ArAu bearing
‘exclusively the built-in ligand as a potentially coordinating group. The 1/1
reaction did give free Ph3As which was isolated quantitatively, and
2-Me,NCH,CsH,Au separated from the solution, but could not be purified
because of its insolubility.

ClAuAsPhg ) PPh3
CHoNMe, = [ArAu/LiCl] ———= ArAuPPh3
~AsPhy -LiCl

(1)

Li
(AP4Li4)

Its formation was established, however, via the interaction of the insoluble
solid with triphenylphosphine, which gave the benzene-soluble
2-Me,NCH,CsH;AuPPh; (I). Furthermore, the NMR spectrum of the solid in
pyridine-ds appeared to be identical to the spectrum obtained for pure
2-%i1e,NCH,CsHsAu (XI) obtained via the route described below.

2ure arylgold compounds, ArAu, lacking coordinated external ligands were
prepared via a novel reaction sequence involving the reaction of diarylgold-
lithium compounds with trimethyltin bromide or a diorganotin dihalide
according to: :

R Me3SnBr —LiBr R Me; SnAr
AulLi + ~ or —_— Au + or
MePhSnBr, MePhArsngr

2 (Arau)
(XI), R' = 2-Me,NCH,
(XID), R = (S)-2-Me,NCHMe
(XII), R'= 2-MeyN

(AryAu,Llis)

The compouinds XI—XITI decompose slowly in air, and decompose upon
heating in a N, atmcsphere at 70°C (XII and XIII) and at 117°C (XI). XI and
XIII are insoluble in hydrocarbon solvents, but soluble in pyridine, whereas XII
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appeared to be soluble in both pyridine and benzene. XII exists in benzene as a
dimer (cryometry).

In the presence of triphenylphosphine, XI—XIII form the corresponding 1/1
complexes ArAuPPh;, but no reaction occurs with triphenylarsine (vide supra).

rR' R
@Au + PPhy ———= @—AuPthg

(XI-XIII)

Similarly, XI forms a 1/1 complex with cyclohexyl isocyanide. No reaction
occurred upon heating this complex with an excess of the ligand *.

excess
Q—CHZNMEZ + CNCgHyy ———b= QCHZNMe o Q—CHZNMeZ (&)

AUCNCgH,, C—AUCNCgH,;
(XI) (X1V) NCgH4

The reaction of 2-Me,NCsHsAu (XI) and of the corresponding
(2-Me,NC¢H, ), Au,Li; (VII) compounds with metal IB salts resulted in the
formation of a variety of mixed gold-metal IB cluster compounds of the type
(2-Me;NCsHj)sAu,Ma X, (M = Cu or Ag; X = Cl, Br, or OTTY) (see ref. 6). In an
analogous reaction, interaction of (2-Me,NCH,C;H,)sAu,Li, [18] with two
equivalents of cuprous iodide in benzene affordad the tetranuclear mixed gold-
copper compound XV.

QCHzNMez + Cul ———- CH,NMe, + -Lil 7y
’ i 3 ‘AuCu

> Auli
(VII, AryAu,Li,) XV, A, Au,Cu,)

The identity of this compound was confirmed by elemental analysis, molecular
weight determinations inveolving cryoscopy, and mass spectrometry and by
NMR spectroscopy (vide infra).

Discussion

The arylgold compounds presented in this paper possess combinations of
features which might lead to structures not found before. Three types of com-
pounds are considered: i, the ArAuL (I—V, XIV) and ArCH,AuL (VI) com-
pounds in which the gold atom interacts with one external ligand while addi-
tional interaction with one of the internal ligands (2-Me,NCH,, 2-MeO or
Me,;N) may occur; ii, the ArAu compounds (XI—XIII) which contain exclu-
sively internal ligands as potentially coordinating groups; iii, the Ar,Cu,Au,

* This behaviour contrasts with that of (2-Me,NCH»CgHjg)4Cug and other arylcopper compounds
which readily undergo 1/1 insertion reactions with isocyanides. The use of an excess of isocyanide
results in the formation of the 1/1 complex of the 1/1 insertion product and isocyanide {19].
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cluster compound (XV) in which the aryl group Ar likewise bears a built-in
ligand, but is also part of a polynuclear structure. The structural evidence for
each class of compounds as obtained from 'H NMR, mass spectroscopic and
197 Au Méssbauer studies as well as by chiral labelling will be discussed below.

The ArAul and ArCH,Aul. compounds

The gold atom in these monomeric compounds is at least two-coordinate
because it is 2¢-2e bonded to one aryl group and to the monodentate phos-
phine or isocyanide. It can become three-coordinate by interaction with the
internal ligand. Although the greater part of the Au' compounds have a linear
coordination symmetry at the Au! atom [20], the recently reported
ClAu(PPh;), compounds {cf. X-ray analysis of this compound [21]) contain
three-coordinate Au’. Thus, a priori exclusion of a trigonal coordination geo-
metry at the Au! atoms in the compounds 2-Me,NCHZC¢H;AuL (Z = H, Me) is
not justified.

The 'H NMR data for I and XTIV which both contain a 2-Me,NCH, sub-
stituent are not very conclusive with respect to the occurrence of intramole-
cular Au—N coordination. The chemical shifts for the 2-Me,NCH, protons in
2-Me,NCH,CcHsAuL and free Me,NCH,C,H; are almost equal (see Table 1).
The same invariance of the chemical shift of these protons was observed for
2-Me,NCH,C-H,Cu tetramer [12a], monomeric 2-Me,NCH,CsH,Cu-diphos
and -dppe [22] with respect to free Me,NCH,C¢Hjs. These observations led us

TABLE 1
1H NMR DATA FOR THE ArAul. COMPLEXES I-VI AND XIV

ZCgH4a(CH3),AuL Solvent 5 (pom) ¢
z n L NMe NCH, OMe «-Me Others ©
2-Me,;NCH, 1] PPhj CCly 2.10s 3.545 — —
CsDg 2.28s 3.95s — - 8.10m €
CsDsN 2.29s 3.92s — — 7.95m ¢
2-MesNCH, 0 ° CNGCgHj; CgDg 2.353 4.02s — - 2.60br 9, €
(S)-2-MeaNCHMe 0 PPhj CeDsCD3 2.33s 395q¢7 — 1e60af —
2-MesN 1) PPhs CCly 2.90s - - -
) CsDs 3.06s — - — 8.10m ¢
CsDsN 3.08s — — — 7.90m €
2 6-(MeO), o PPhy CCLs — — 3.73s — k
CeDs — — 3.68s — L
2.4 .6-(Me0)3 0 PPh3 CCly — - 3.70s — 6.0a’ !
CeDg - - (3.60s %) — 6.55 57
3.755h
2-Me,NCH; 1 PPhj CsDs 2.25 3975 — — 3.30br ™
Free Me;NCH2CgHs CCly 2.15s 3.25s — — 7.18s.
CeDs 2.05s 3.20s. — — 8.0—7.4m

¢ Relative to internal! TMS at room temperature. b Only multiplets which could be assigned are presented.

€ Multiplet tentatively assigned to H(6). 4 o-H of CgH11. € Multiplet arising from the aryl protons

centered at 7.90 (1 H), 7.74 (1 H) and between 7.3 and 7.4 ppm (2 H). / 3J(H—13) 12 Hz. £ Broad multiplet
arising from the aryl protons including H(6) centered at 6.7 ppm. h Aromatic protons of Ar: CCl4[CeDsl:
7.2—7.6 (masked by the H, ;i resonances of PPhy) (6.4 and 6.8 ppm]. ! 13¢3,5); J3!5 2 Hz. ! Aromatic
protons of PPhjy: CCl4[CeDg): 7.3—17.7 [6.8—6.1 (in and p): 7.4—17.8 (o). k 4-MeO. " 2,6-(MeO),. m CHjAu.
" Aromatic protons of PPh3: 6.8—7.0 (m and p): 7.1—7.7 (o and protons of Ar). .
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L

Fig. 1. Possible coordination geometries of Au! in 2-Me,NCHZCgH;AuPPh, (I; Z = H and
II; Z = Me). .

to the conclusion that the Cu—N interaction in these compounds was absent or
very weak. Recently, we have unambiguously established the occurrence of
weak Cu—N coordination in the copper tetramer by introduction of a chiral
label (i.e. 2-Me,NCHMe-) in the ortho positions {cf. spectra o:
(S)-2-Me,NCHMeCgH,Cu tetramer in ref. 10).

Following a similar approach we have prepared (S)-2-Me,NCHMeC-H,AuPPh,
(I1) and studied its dynamic NMR behaviour. The fact that up to —90°C the
NMe, protons appear as one singlet in the NMR spectrum (see Table 1) indi-
cates that Au—N coordination does not occur * (see Fig. 1) . Consequently, in
solution the Au! atom is linearly coordinated.

The structure of these compounds in the solid state was studied by °7Au
Mossbauer spectroscopy. Intramolecular Au—N coordination in I and XTIV
would result in a five-membered chelate ring with an estimated N—Au—C(1)
angle at the Au atom of about 80° (ef. Fig. 1). Such an angle would, however,
require the use of gold hybrid orbitals having quite different amounts of s and
Db character as compared with the hybrid orbitals used for the bonding in a
purely linear L—AuAr complex (cf. Fig. 1). It is well-established that °’Au

- Mossbauer spectroscopy is a very sensitive technique for obtaining information
concerning such differences [23].

The 7 Au Méssbauer data for 2-Me,NCH,CsH,AuCNC¢H;, (see Table 2) per-
fectly fit the plot of @S against IS for two-coordinate Au' complexes [23b].
This points to an undisturbed linear coordination at the gold atom, i.e. to the
two-coordinate structure in Fig. 1. This conclusion is further supported by the
observation of similar @S and IS values for 2-Me,NCgH,;AuPPh; (III). The pre-
sence of three-coordinate gold in the latter monomeric compound is extremely
unlikely, because inframolecular Au—N coordination would imply formation of
a sterically unfavourable four-membered chelate ring.

Likewise the occurrence of intramolecular Au—Q interaction in
2,6-(Me0),CH; AuPPh, (IV) seems unlikely. It is noteworthy, however, that
preliminary crystallographic data for this compound point to a distorted mole-
cular geometry with unlike Au—O distances of 3.23 and 2.96 A, respectively,
corresponding with Au—C—C angles of 126.4 and 117.4° (see Fig. 2),and a

* Inert Au—N coordination would render the N atom into a stable prochiral center because this
blocks pyramidal inversion. As a result of the chirality at the benzylic carbon atom the two Me
groups are then diastereotopic and will appear in the 1 H NMR. spectrum as two singlets. In the
absence of coordination rapid inversion at the N center occurs resulting in homotopic Me groups
{10].
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TABLE 2

197A1u MOSSBAUER DATA FOR SOME ArAuLy (n =0, 1) AND ArsCuzAuz; COMPOUNDS a
Compound s? Qs b
ZCgH4AU— Ly, ' (mm/s) (mm/s)
z L n

2.MeoN PPh3 1 4.82 10.11

1 AR23NCH2 CNCgH1y 1 1.62 10.35
2-MeoN . = - 3.69 6.73
2-MeyNCH3 — — 4.44 7.32
ArsCusAuy

= = 2-Me2NCH> 4.42 9.86

@ Gee also ref. 24 for the Mossbauer fraction f data of some of these compounds. b Values (x0.01 mm/s)
relative to the source of 197Au in Pt.

C—Au—P angle of 172.6° . Most probably, these features are caused by crystal
packing effects rather than by a bonding Au—O interaction.

The ArAu compounds

Based on our earlier ﬁndmg of a selective arylation of tin halides by aryl-

_ copper derivatives [ 25—27] we discovered a novel route for the selective for-
mation of arylgold compounds lacking external ligands (cf. eqn. 4).

In these reactions we started from the pure aryigoldlithium compounds
which are readily accessibie via the reactions shown in egn. 3. During this reac-
tion the phosphine ligand is released from the gold atom because in the
- resulting tetranuclear goldlithium species Ar; Au,Li, the gold atom is already
two-coordinate by virtue of its involvement in two 3c-2e Au—C bonds *
[10,18]. Also in the synthesis of [(C¢Fs);Au]Bu,N salt, which represents the
only other arylaurate compound reported so far, a ligand L in GsF;Aul is
replaced by a Cs;Fs group [30].

The synthesis of pure ArAu via eqn. 4 was successful for the 2-Me,NCH(Z)-
(Z = H or Me) or 2-Me,N-substituted compounds. Moreover, these reactions,
which are quantitative, provided us with a unique route to Sn-chiral and C,Sn-
chiral triorganotin halides (cf. 26, 27). The course of the reaction, which is still
unknown, might involve formation of a Au—Sn intermediate according to:

benzene

Ar,Au,Li, + 2 R;SnX —— [2 Ar,AuSnR;] + 2 LiX 9

Aryl transfer from the ArzAu species to the catlomc tin center then completes
the reaction *¥,

* Rice and Tobias have formulated Me AuLi as'a solvent-separated ion pair Mes Au"Li* {281 in
which the coordiratively saturated anion has a linear skeletal structure with two 2¢-2¢ Au—C
bonds. In contrast the arylgoldlithium compounds appeared to be polynuclear species in non-

~  coordinating solvents (benzene), e.g. p-TolylsAuygLis - 2 OEt, [29], (2-MeaNCH2CgHgq)4Aus Lis
(VII) {10,18], containing 3c-2e bonded aryl groups. However, as a result of the presence of built-in
ligands in VII, a structure in the solid comprising gold linearly coordinated by 2¢-2e bonded aryl
groups, i.e. a structure Ar—Au™—Ar, cannot be excluded.
\"Ll el
** Alternatively, the Ary AuSnMe3 species can be envisaged to be an Aulll—Sn intermediate from
which product formation takes place via reductive elimination.
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Fig. 2. Bond distances (A) and angles (°) in 2,6(MeO),CsH;AuPPh; (IV). R = 0.040. Hy-
drogen atoms were not included in the refinement while the PPh3 phenyl groups were
refined as rigid groups. (Private communication by R.E. Davis, University of Texas at Austin,
Texas.)

It is noteworthy that the reaction of [2,6-(Me0O),CsH3]:Au,Li, with
Me,SnBr proceeds with low selectivity.

Elucidation of the structures of 2-Me,N(CH,),,CsHsAu (n = 0 or 1) by 'H
NMR spectroscopy is difficult, because these compounds are soluble only
in coordinating solvents like pyridine. The speciyrum of 2-Me,NCgHsAu in
pyridine-ds is very similar to that of 2-Me,NCsH;AuPPh; in the same solvent
(see Table 1). However, the spectrum of 2-Me,NCH,CsHsAu (XI) shows two
resonance patterns in a 3.5/1 ratio pointing to the presence of two different
ArAu species in solution (see Table 3). Addition of PPh; or CNCsH;; ina 1/1
molar ratio reveals the spectra of the corresponding ArAul., complexes (I) and
(XIV). It seems therefore plausible to assume that the major species arises from
2-Me,NCH,CsH Au - pyridine whereas the minor component belongs to
(ArAu), as such.

TABLE 3
IH NMR DATA FOR THE ArAu COMPLEXES XI—XII

Compound, Solvent 5 (opm) 2

Z in ZCgH4Au
NMe NCH, Others

2-Me;NCH, CsDsN 2.37s 0 £.08s 7.9, 7.7 ond 7.4—7.0 €
@.11s) (4.30s)

2-MeyN CsDsN 3.08 — 7.95m @4

(S)-2-Me,NCHMe Tol-dg 2.20s € — 3.10 (NCH, 9 T, 2.10

’ 2.50s © — (NCMe), 8.0m 5, 6.75m &

@ Relative to TMS internal, at room temperature. b The values between parentheses refer to 2 second
species which is present in a constant molar ratio with respect to the first species. € Values at which
multiplets arising from the aromatic protons are centered. ¢ Integration of the peak areas points to one H,
mast probable H(6) with J,r¢ho 6 and Fqeta 1.5 Hz. € Two broadened singlets with equal intensity.

T 77 Hz. £ Each belongs to one H (d of d: Jortho 7 and Jqetq 2 Hz). ’
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NMR spectroscopic study of the related C-chiral compound
2-Me,NCHMeCH,Au (XII), which is soluble in toluene, offers valuable clues as
to the structure of this type of compound. This compound, which is dimeric
according to mass spectra (see Experimental), shows a very complex, tempera-
ture dependent, NMR pattern below 0°C. The observation of anisochronous
NMe resonances points to diastereotopic NMe groups and thus to Au—N coor-
dination which is inert on the NMR time-scale (cf. foatnote on p. 433). That only
one set of two NMe singlets (and other resonances) is observed is due to the
fact that the chiral C center used has the (S) configuration resulting in only the
(S).(S) diastereomer. If we assume the presence of electron-precise Au—C
bonds (cf. ArAuPPh; compounds) then the Au—N coordination is intermole-
cular (cf. dimeric molecular weight) and we arrive at the structure depicted in
Fig. 3A. This structure is similar to the dimeric structure proposed by Issleib
for 2-Ph,PCH,C;H, Au [31].

Similar structures can be envisaged for 2-Me,NCH,C;H,Au and _
2-Me,NCsH Au (see Fig. 3A, B). However, in the light of their insolubility in
non-coordinating solvents these compounds might be polymeric in nature. In
particular for 2-Me,NCsH,Au a polynuclear structure involving 3¢-2¢ Au—C
bonding analogous to that proposed for (2-Me,NC;H,Cu),, * [2d] cannot be
excluded. In that case (structure C) the gold atoms have the less favored coor-
dinaticn number three instead of two (structure B). The observation that the
197 Au Mdsshauer data for XIII fail to fit the least-squares line for two-coor-
dinate Au' compounds might be considered to support a three-coordinate 2e-3¢
bonded structure C for XIII. However, it must be noted that in both structures
B and C the gold atoms will be in close proximity, resulting in a distortion of
the electronic environment of the gold atoms and thus in a deviation of the
Mossbauer data from the QS/IS plot.

The difference in solubility of XI (structure A, Z = H) and XII (structure A,
Z = Me) is most probably due fo the fact that in the latter compound the
benzylic carbon center bears a methy! group which is close to the Au, unit.
For X1I a large number of conformations for the ten-membered ring can be
envisaged (see Fig. 4; note the position of the (S)-C—methyl groups with
respect to the Au atoms). However, the presence in this ring of only four sp?
hybridized atoms will largely restrict thics number. Furthermore, depending on
the conformation of the ring the (S)-C—Me group is either in-plane or out-of-
plare with respect to the aryl nucleus. If has been shown for pentacoordinate
2-Me,NCHMeC¢H,SnMePhBr that conformations having this methyl group out-
of-plane are slightly more stable [27]. Attempts to analyse the dynamic 'H
NMR pattern on the basis of such considerations failed because of line
broadening at temperatures below 0°C as well as the large number of reso-
nances concentrated in a small chemical shift area.

* The proposed structural element [3} in which the 2-Me; NCgHg4 group acts as a 43 ligand (C—Cu,
3c-2e interaction and 2¢-2e N--Cu coordination) is based on tke structural features of
(2-Mes NCgH4)4CugXy (X-ray: X = Br [3] and X = C=C-p-tolyl [12b]. The general vaiidity of this
suggestion for ortho-hetero-substituted aryl groups in arylmetal IB chemistry is supported by the
structure of 2-anisylcopper octamer {32]. In this structure the 2-MeOCgHg group likewise spans
3 Cu atoms. .
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@CH(Z)N—"ALI]@
u-—NCH(Z)
A: XTI Z=H; X]I Z =Me

M92
¢ O
Au-—N
M92
B: XIII based on 2c-2e Au—C bonds

;“ "\{Mez
Au Au Au

or C: XHII based on 3c-2e Au—C bonds (cf ref 2d)

Fig. 3. Possible structures for arylgold compounds having built-in ligands as the only
coordinating groups.

" The Ar,Cu,Au, compound XIII
Heterometal cluster compounds of the type Ar;Au,M:X, in which M'is Cu
or Ag can readily be prepared via the interaction of Ar;Au,Li, or Ar'Au (Ar' =
2-Me,NCgH;) with a M'X salt [6]. These compounds have structures consisting
of hexanuclear mixed metal cores, in which the linearly coordinated Au atoms

Me
O
Me
-H -
Me
|
Me
Mo
N Oc
J);HMG " On
Me ° O Au

Fig. 4. Conformations of the ten-membered ring showing the positions of the (§)-CMe
groups with respect to the Au atoms.
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occupy apical positions and the aryl groups are 3c-2¢ bonded bridging one Au
and one M' atom. Attempts to synthesize ArjAu¢X, via reaction of Ar’Au with
Ar'l *, a route which previocusly was successfully applied for the synthesis of
Ar;Cugl, [88], failed.

The synthesis and isolation of (2-Me,NCH,CsHj3)qAu,Cu, (XV) represents a
second type of a mixed AuCu cluster compound. The dimeric molecular weight
of XV in benzene suggests an Ar,Cu,Au, structure analogous to that
established for Ar,Cu, by X-ray analysis [12a]. This is supported by the
striking similarity of the fragmentation patterns of the Ar,Cu, [12a] and
Ar;Au,Cu, compounds. The parent ion Ar;Cu,Au; is observed while the next
highest m/e value corresponds to Ar;Au,Cu; resulting from the cleavage of one
Ar group from the parent ion. Further ions of which the composition was
established by exact mass measurements are ArsCu,Au’, Ar,CuAu; and R,Au".

More information about the structure in the solid was provided by °*’Au
Mossbauer data of XV, which point to linear coordination at the Au atoms.
This excludes Au—N coordination because in a polynuclear Ar,Cu, type struc-
ture the gold atoms become already two-coordinate by taking part in two 3c¢c-2e
ArAu bonds. Accordingly, the structure shown in Fig. 5 is tentatively pro-
posed.

The 'H NMR spectra in benzene and in pyridine provide information con-
cerning its structure in solution.

In the absence of intra- or interaggregate exchange C(1) of the bridging aryl
groups in the structure shown in Fig. 5 represents a chiral center. As a conse-
quence the benzylic protons are diastereotopic in the case that rotation around
the C(1)—C(4) axis is slow or blocked on the NMR timescale (cf. 10). This will
give rise to anisochronous resonances for these protons (AB pattern). Moreover,
inert M—N coordination will render the methyl—N groups diastereotopic and
thus anisochronous. However, this picture becomes more complex when in
addition to this dynamic process of aryl rotation [10] interaggregate exchange
processes between species ArgAus—,Cu, also play an important role.

A detailed analysis of the 'H NMR spectra of Ar;Au,Cu, in benzene is
hampered by the limited solubility. However, at room temperature two
broadened doublets are observed for the CH,N protons which coalesce at about
50°C to a broad resonance (see Table 4). In combination with the fact that
only one singlet for the NMe protons is observed these observations point to
rate-determining aryl rotation in ArAuCu moieties and only weak or no M—N
coordination. The fact that various broadened multiplets for H(6) are observed
which coalesce to one broad multiplet also at 50°C provides evidence for the
occurrence of interaggregate exchange processes (cf. interaggregate exchange
upon dissolving (2-Me;NC¢H,)sAgs_,,Cu, Br, (n = 2 or 4) in benzene [3]).

In pyridine only one resonance pattern is observed, comprising one sharp
singlet for the CH,N protons, one for the NMe protons and one sharp multiplet
for H(6) (see Fig. 6). In terms of the rotation process only, this would indicate
that upon changing the solvent to pyridine this process is now at the fast

* In this reaction Aul would be generated in situ as a result of the coupling reaction Ar'Au + Ar'I —
Ar'—Ax' + Aul. In a subsequent reaction of unreacted Ar'Au with Aul ArjAugls might then be
formed. It must be noted that pure Aul is inaccessible, which excludes the use of the Ar'M/MI
route.
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R

X = CH,NMe,

ko

Fig. 5. Proposed structure for (2-Me>;NCH,;CsHj4)4Au,Cu, (XV).

exchange limit. Since this is very unlikely, a better interpretation might be that
in pyridine the interaggregate process is at the fast exchange limit. This is sup-
ported by the dynamic 'H NMR spectra of a 1.2/1 mixture of Ar,Cu, and
ArsAu,Cu, (see Fig. 6).

The H(6) region, which integrates exactly in a 1/2 ratio with the total area of
the two CH, resonances of Ar;Cu, and Ar,;Au,Cu,, respectively, contains
several multiplets. The spectrum at 115°C shows that the H(6) region coalesces
at the position of the H(6) multiplet of pure Ar;Au,Cu, while the two CH,
singlets and the two NMe singlets start to coalesce. Since the Ar;Cu, cluster
structure does not break down in pyridine [22] it seems plausible that also
Ar,;Au,Cu, is tetranuclear in pyridine. The observation that in benzene the
NMe protons appear as a singlet confirms that the Au—N or Cu—N interaction
is only weak. It seems likely therefore that the observed dynamic NMR spectra
arise from an interaggregate exchange between tetranuclear species. The chemi-
cal shifts of the protons in the non-coordinated CH,NMe, ligands is then deter-
mined by the set of metals bridged by the aryl group (Cu/Cu, Cu/Au or
Au/Au). It is interesting to note that in this case the built-in ligand cannot play
a stabilizing role as was observed for Ar;Au,Li, where the frans-metal structure
was stabilized by Li—N coordination [10,18]. ArsAu,Cu, differs from Ar,Cu,

TABLE 4
1H NMR DATA FOR (2-Mea NCH; CgHz)4 AuzCup

5 (ppm) 2
NMe NCHa Others
(2-Me;NCHaCgH4)4AusCus P
in CgDg 1.96s 2.34d ~8.0m H(6)
and 3.87d
J~ 12 Hz
in C5D5N 2.29s 3.92s 8.06 H(6) ©

¢ Internal TMS, at room temperatuze. b Accumulated spectra (50 X) on a Varian HA 100 spectrometer
using a C-1024 time averaging computes. ¢ Joreho 7 Hz and Jipepq 1-5 Hz.
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Fig. 6. YH NMR spectra (160 MHz;3 ppm) of pure (2-Me;NCH,CgH, ), Au,Cu, (XV) and of
al.2/1 mixture of (2-Me; NCH;CgiHg)4Cuy and (2-Me;NCH,CgHyg )4 AuzCus in pyridine—ds

in that it readily breaks down in the presence of PPh, to give ArAuPPh;, (I) and
Ar,Cu, in an irreversible reaction.

ArsAu,Cu, + 2 PPh; > 0.5 Ar,Cu, + 2 ArAuPPh, - 0)
a) :

This is undoubtedly connected with the stability of I. Brea.kdown of Ar4Cu4

would lead to less stable Ar,.Cu, /(PPh3)m species [22]
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Conclusions

The present results are a further illustration of the distinct preference of Au!
for a linear two-coordinate structure. No spectroscopic evidence for the occur-
rence of Au—N coordination in the 2-Me,NCH,CsH;AuL: complexes which
would render the Au atom three-coordinate, was obtained either for the solid
state or solutions.

Arylgold(I) compounds, in which the aryl group bears a potentially coor-
dinating group, are now readily available via reaction of the corresponding aryl-
aurates with di- or tri-organotin halides.

The structures of the arylgold(I) compounds lackmg external ligands con-
trast with those of the corresponding aryl-copper and -silver compounds, which
are definitely cluster species with 3c-2e bonded aryl groups. The arylgold{I)
compounds most probably have structures containing 2¢-2e bonded aryl
groups, which are associated via intermolecular coordination of the internal
ligand with the gold atom. However, the Mo6ssbauer spectra of 2-Me,NCcH.Au
indicate that this compound might have a cluster structure similar to that pro-
posed for the corresponding copper compound.

When arylgold compounds are treated with the corresponding copper or
silver compounds, heterogold-metal IB cluster structures can be formed which
are quite stable. This conclusion is justified by the isolation of
(2-Me,NCH,C¢H,).Au,Cu, from the reaction of ArAu with ArCu in benzene,
while at an earlier stage of our research hexanuclear (2-Me,NC¢H;)sAu,M4X,
species already had been synthesized. It is interesting to note that the architec-
ture of these clusters is such that again the gold atoms represent two-coordinate
metal sites in the heterometal IB cores. '"H NMR spectroscopic data of solutions
of pure (2-Me2NCH205H4)4Au20u2 reveal that rotation of the 3c¢-2e bonded
2-Me,NCH,C;H, group around the C(1)—C(4) axis takes place. A study of mix-
tures of the Au,Cu, cluster with (2-Me;NCH,CgH,)1Cu, showed that interaggre-
gate exchange between these homo and heterometal IB clusters takes place
readily. (

Experimental

All reactions were carried our under dry oxygen-free nitrogen.

The NMR spectra were recorded using Varian Associates T-60 (H), HA-100
(*H) and XL-100/15 FT (**C) NMR spectrometers.

Elemental analyses were carried out in the Analytical Department of the
TNO Institute.

The aryllithium compounds were prepared by pubhshed methods [2].

Synthesis of {2-[(dimethylamino)methyl]phenyl}(triphenylphosphine)gold(I)
(1) : .

Solid BrAuPPh; (5 mmol) was slowly added at —20°C to a suspension of
[2-(dimethylamino)methyl] phenyllithium (5 mmol) in ether (50 ml). The mix-
ture was stirred at —20°C for 1 h, for 1} h at room temperature and then
filtered. The filirate was concentrated to give a white residue, which was
extracted with benzene (20 ml). Insoluble LiBr was separated by centrifugation
of the suspension and decantation of the benzene solution. Concentration of
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the benzene solution gave an almost colourless viscous oil which solidified with
difficulty. Repeated dissolution in ether followed by precipitation with
pentane finally gave white crystalline (I) in 65% yield. Found: C, 54.5; H, 4.3;
N, 2.4; Au, 33.1;P, 5.2. C,;H,,;NAuP caled.: C, 54.65; H, 4.59; N, 2.36; Au,
33.19; P, 5.22%; Mol.wt. (osmometric in benzene) found (calcd.), 588 (593.5).
M.p. 99.5—100°C. NMR data: see Table 1.

II was prepared by a similar method. Recrystallization from hot hexane gave
white crystalline (II) in 70% yield. Found: C, 55.1; H, 4.8; N, 2.3; P, 5.0.
C,sH,oNAUP caled.: C, 55.36; H, 4.81; N, 2.31; P, 5.10%. Mol.wt. (osmometric
in benzene) found (caled.), 588 (607.5). M.p. 129°C (with decomposition).
NMR data: see Table 1.

Synthesis of [2-(dimethylamino)phenyl](triphenylphosphine)gold(I) (II1)

A solution of 2-(dimethylamino)phenyllithium (5 mmol) in ether (20 ml)
was added to a suspension of BrAuPPh; (5 mmol) in ether (20 ml) at 0°C. Stir-
ring was continued at 0°C for 1 h and at room temperature for 2 h. The white
precipitate was filtered off, washed with ether (15 ml) and dried in vacuum.
Recrystallization of the solid from petroleum ether (60/80)/benzene (2/1; 180
ml) gave white III in 80% yield. Found: C, 51.9;H,4.1; N, 1.9; Au, 34.2; P,
5.6. C,6H,sNAUP caled.: C, 53.90; H, 4.35; N, 2.42; Au, 33.99; P, 5.35%.
Mol.wt. (osmometric in benzene) found (calcd.), 567 (579.4). Dec. 172—174°C
(slow colouration starts at 145°C). NMR data: see Table 1.

Synthesis of (2,6-dimethoxyphenyl){triphenylphosphine)gold(I) (IV)

Solid BrAuPPh; (5 mmol) was added at —20°C to a solution of
2,6-dimethoxyphenyllithium. The resulting white suspension was stirred at
—20°C for 1 h, at room temperature for 1} h and then filtered. The precipitate
was extracted with ether (3 X 15 ml; removal of LiBr) and then dried in
vacuum. Recrystallization from benzene afforded pure IV in 90% yield. Found:
C,50.6;H, 4.1; Au, 33.4; P, 5.3. C;6H240,AUP caled.: C, 52.36; H, 4.06; Au,
33.03; P. 5.19%. Mol.wt. (osmometric in benzene) found (calcd.), 595 (596.4).
M.p. 177—178°C (with decomposition). NMR data: see Table 1.

Synthesis of (2,4,6-trimethoxyphenyl)(triphenylphosphine)gold(I) (V)

V was prepared as described above for IV. Yield 60%. Recrystallized from
benzene/pentane. Found: C,49.6; H, 4.2; P, 4.9. C,7H,s03AuP calcd.: C, 51.77;
H, 4.18; P, 4.94%. Mol.wt. (osmometric in benzene) found (calcd.), 650
(626.4). M.p. (decomposition) 148—150°C. NMR data: see Table 1.

Synthesis of {2-[(dimethylamino)methyl]benzyl}(triphenylphosphine)gold(I)
(VI)

Solid BrAuPPh; (2 mmol) was added to a solution of 2-[(dimethylamino)-
methyl Jbenzyllithium (2 mmol) in ether (20 ml). The mixturz was stirred for
4 h then filtered, and the filtrate was concentrated. The white residue was
extracted with benzene (20 ml; LiBr removed by centrifugation). The benzene
extract was concentrated to 5 ml and pentane added, to give white crystal-
line VI in 65% yield. Found: C, 54.6;H, 5.3; N, 2.2; P, 4.9. C,sH,,NAuP
caled.: C, 55.36; H, 4.81; N, 2.31; P, 5.10%. NMR data: see Table 1.
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Synthesis of 2-[(dimethylamino)methyl]phenylgold(I) (XI)

Via ArLi/ClAuAsPh;. Solid ClAuAsPh; (5 mmol) was added at —20°C to a
suspension of 2-[(dimethylamino)methyl]phenyllithium (5 mmol) in ether
(50 ml). The mixture was stirred at —20°C for 1 h then for 1} h at room tempe-
rature, and then filtered. The precipitate was extracted with benzene and ether
affording a cream-coloured solid which is soluble in pyridine but not in hydro-
carbons and ether. The 'H NMR spectrum in pyridine-d; pointed to the pres-
ence of XI (see below). Addition of triphenylphosphine to a suspension of XI
in benzene afforded pure I (correct analyses; '"H NMR spectrum in CgDg identi-
cal to that of I). The yield of I pointed to a 1/1 ArAu/LiCl composition of the
solid.

Via Ar,AuLi/lMfe;SnBr. A solution of trimethyltin bromide (5.30 mmol) in
benzene (10 ml) was added to a solution of bis{2-(dimethylamino)methyl]-
phenyl}goldlithium (5.3 mmol) [18] in benzene (25 ml). A white precipitate
was formed, and was filtered off. The filtrate was concentrated to give white
trimethyl| 2-(dimethylamino)methyl]phenyltin [NMR, §(MeSn) 0.40 (J(Sn—
CH) 52 Hz), 5(MeN) 1.98, 6(CH,N) 3.30 ppm] in quantitative yield. The
white precipitate was washed with benzene (2 X 10 ml) and with ether (3 X 10
ml) and appeared to be pure XI. Yield 95%. Dec. 117°C. Found: C, 32.0; H,
3.9;N, 4.1; Au, 57.5. Co0H;,NAu caled.: C, 32.64; H, 3.65; N, 4.23; Au,
59.48%. NMR. data: see Table 3.

Reaction of XI with triphenyiphosphine gave I in quantitative yield.

No reaction of XI with triphenylarsine in benzene occurred. (NMR in
benzene-dg identical to spectrum of free triphenylarsine; NMR in CsD;N of the
precipitate identica! to spectrum of XI.)

Reaction of XI with excess cyclohexylisocyanide in benzene gave a white
solid which was isolated by filtration. Recrystallization was from benzene/
pentane. Found: C, 43.2: H, 5.3; N, 6.2; Au, 45.0. C;6H,5N,Au caled.: C,
43.64;H, 5.26; N, 6.36; Au, 44.73%. WNMR in C¢D, identical to that of pure
XIV (see Table 1). IR (Nujol; cm™) »(C=N) 2212 and mol.wt. (osmometric in
benzene) found (calcd.) 449 (440) pointed to pure 2-[(dimethylamino)-
methyl]phenyl} (cyclohexylisocyanide)gold(I). M.p. 79—81°C.

Synthesis of [1-(S)-(dimethylamino)ethyl]phenylgold(Il) (XII)

A solution of Me;SnBr (2.39 mmol) in ether was slowly added to a suspen-
sion of VIII (2.39 mmo]l) in ether (50 ml). From the initially formed solution
white XII precipitated slowly, and was filtered off and washed with ether
(2 X 25 ml) then with pentane (2 X 25 ml). Yield 63%. Upon heating in N, slow
decomposition of the compound starts at 70°C (10° C/min). Mol.wt. (cryo-
scopic in benzene) found (caled. for the dimer), 688 (686). Mass spectrum (70
éV) mje: 686 (M'). NMR data: see Table 3.

Synthesis of [2-(dimethylamino)phenyl]gold(I) (XIII)

A solution of 5.6 mmol of trimethyl{in bromide in benzene (25 ml) was
added to a solution of IX (5.6 mmol) in benzene (100 mil). The mixfure was
stirred for i h, after which the light-yellow precipitate was filtered off and
washed with ether (2 X 30 ml: removal of LiBr and Me,SnAr {[NMR, 6§ MeSn
0.50 ppm (J(Sn—CH) 54 Hz) and 6§ MeN 2.50 ppm [25] and then with
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pentane (2 X 50 ml). Yield 65%. Found: C, 29.5; H, 3.3: N, 4.0; Au, 59.6. :
CusNAu caled.: C, 30.30; H, 3.18; N, 4.42; Au, 62.11%. Dec. (under N,) 50——
55°C. Caution: The compound explodes upon heating in air at about 70°C.

No reaction occurs with 2-iodo-N,N-dimethylaniline. With PPh3, complex II
is formed quantitatively.

Synthesis of tetrakis {2-[(dimethylamino)methyl]phenyl}digolddicopper (XV)

A mixture of VII (2.75 mmol) and cuprous iodide (2.75 mmol) in ether (40
ml) was stirred for 2 h. A yellow solid precipitated, and this was filtered off,
washed with ether (2 X 40 ml), pentane (2 X 10 ml) and dried in vacuum.
Yellow XV was isolated in 75% yield. Found: C, 40.5; H, 4.6; N, 5.3; Cu, 11.6;
Au, 35.2. C,3H,;4N,CuAu caled.: C, 40.88; H, 4.57; N, 5.30; Cu, 12.01; Au,
37.24%. Mol.wt. (ebullioscopic in benzene) found (calcd.), 949 (1057.8). Mass
spectra (70 eV) exact m/e found (A m/e = found m/fe — caled. m/e): 922.0798
(—34: (2-Me,NCH,C¢H,;);Au,Cu;"), 725.1167 (0: (2-Me,NCH,C¢H,):Cu,Au’),
725.0566 (0: (2-Me,NCH,CsH,).CuAu,"’), 465.1624 (+19:
(2'MezNCH206H4)2Au+).
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