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Abstract

The catalytic activity of a series of six gold(l) complexes LAuX & PhP, X = CO,C,Fs, SG;-p-tol, SG;Et, SSQ-p-tol; L = Me;zP,
(p-tol)sP, X = CO,C,Fs), as well as the silver(l) complexes ffgOC(O)GFs and PRPAgOS(0)-p-tol-EtOH, regarding the hydration of
3-hexyne forming 3-hexanone in the presence of B;O as a co-catalyst has been investigated. It could be shown that all the gold compounds
are catalytically active with (RP)AuOC(O)GFs (1) being the most active. Usirighydration of 3-hexyne takes place at room temperature and
turnover frequencies (TOFs) as high as 390bdan be reached without any notable catalyst deterioration (MeOH as solve@), The silver
complexes on the other hand did not furnish 3-hexanone under reaction conditions. This observation is explained with silver being the stronger
acceptor compared to gold which can be derived from the crystal structures of representative examples. An optimization of the co-catalyst
concentration showed that with increasing concentration the reaction rate increases significantly reaching saturation at approximately 5 mol%.
This indicates that the Lewis acid BEt,O plays a role in several steps of the catalytic cytl@as also successfully employed as a catalyst to
react acetic acid with 3-hexyne forming 3-hexene-3-acetate but due to water being presentin the glacial acetic acid 3-hexanone was also formed.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction of [cis-PtCh(tpps)] (tpps = P(m-CgH4SOsNa)s) with an

initial turnover frequency (TOF) of 5501 and an overall

One of the most straightforward ways to generate com- TOF of not more than approximately 100h[6¢].

pounds with carbon-oxygen bonds is the hydration of In 1998, Teles et al. have shown that certain (phos-
unsaturated organic compounds. An efficient hydration phine)gold(l) complexes of the type {R)AU™X~ are
process is not only environmentally benign but also eco- extremely efficient catalysts for the addition of methanol
nomically attractive. Especially the synthesis of carbonyl to alkynes in the presence of Brgnsted or Lewis acidic
compounds by addition of water to alkynes has been ex- co-catalyst§9a). In their patent applicatiof®b], the authors
tensively studied1]. It has long been known that water also briefly mentioned the addition of water to propargyl
can be added quite easily to activated electron-rich alkynesalcohol, but quoted only low yields.
such as alkynylethers or alkynylthioethers in the presence These new results have been an incentive for extensive
of an acid catalysf2]. However, simple alkynes are not research in gold catalysigl0], a topic which had been
readily hydrated even in the presence of a co-catalyst (typ- neglected for a long time, as gold was often thought of
ically toxic mercury(ll) salts)3]. Several transition metal as “catalytically dead’[11]. Very recently, Tanaka and
catalysts containing Ru" [4], RH [5], Pt' [6], Au'"" [7] co-workers found (triphenylphosphine)gold(l) sulfate to be
and other metal§8] have also been employed in the past, a very active catalytic system for the hydration of 1-octyne.
but only with limited success. The best results were ob- Conversion into 2-octanone proceeds in high yields and
tained for the hydration of 3-pentyn-1-ol in the presence with turnover frequencies of approximately 3500hSince

the catalyst deteriorates under the standard reaction condi-
mspondmg author. Tels49-8-9289-13124: tions (70°C; MeOH as _sol\(ent), the addition of_ _additives
fax: +49-8-9289-13125. such as carbon monoxide is necessary to stabilize the sys-

E-mail addressypatricroembke@web.de (H. Schmidbaur). tem. With this precaution higher yields and reaction rates
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(TOF = 15,600 1) have been achieved?2]. In the light (10ml) at 20°C for 3 h with stirring. The AgCI precipitate
of this encouraging progress, we initiated a search for a was filtered off and the product precipitated from the clear
catalyst which is stable under standard reaction conditionsfiltrate by addition of pentane. The product was filtered,
which could serve in an environmentally and economically Washed with toluene and crystallized from &Et/pentane
benign process without gaseous additives. In the present reat —30°C; colorless rods containing dichloromethane,

port it is demonstrated that (phosphine)gold(l) carboxylates 490 mg (78% yield), mp 162C with decomposition. NMR
and (phosphine)gold(l) sulfonates are highly active and (CDClz, 20°C), *H: 7.9-7.1, m, 19H, €Hs/CsHa; 2.41, s,
reusable catalysts for the addition of water to non-activated 3H, Me; 5.3, s, 2H, ChClp. 31P{*H}: 27.9, s.13C{*H}:
alkynes. The addition of acetic acid to those substrates was134.1, d,J = 140Hz; 132.2, s; 129.3, d/ = 123Hz;

also successful.

2. Experiments
2.1. Materials

Syntheses of the catalysts were carried out in an atmo

127.6, d,J = 64.9Hz for o, p, m, ipsoin CgHs; 141.7,
139.2,129.0, and 126.5, all s fijgso, 0, m, andp in CgHag;
53.3, s for CHCly, 21.3, s for Me. IR (KBr): 1261, 1184,
1146, 1100, 954 cm' (1(SO3R)). MS (FAB):mVz 721, 11%
[(PhsP)LAU]T; 631, 3% M/ +1]T; 459, 100% [(PBP)AUTT;
262, 6% [PRP]". CygH24AUCIO3PS (715.35) calcd. C
43.6,H 3.4, S 4.5; found C 44.1, H 3.3, S 4.4.

sphere of dry nitrogen. Glassware was oven-dried, evacuated, 4 Synthesis of (triphenylphosphine)silver(l)

and flushed with nitrogen. Solvents were dried, distilled and

pentafluoropropionate?|

stored under a nitrogen atmosphere. Standard equipment was
used throughout. The glass apparatus was protected against A suspension of €FsCOAg (250mg, 0.93mmol)

light by an aluminum foil wrapper. Silver pentafluoropro-

pionate and all tertiary phosphines are commercially avail-

able. (Phosphine)gold(l) chloridgk3] and silver sulfonates

in 10ml of dichloromethane was treated with a solu-
tion of PP (240mg, 0.93mmol) in the same volume
of the same solvent at room temperature. A clear solu-

[14] were prepared according to literature procedures. Thetion was obtained, the volume of which was reduced to
synthesis as well as structural and spectroscopic data for the.; 5m in a vacuum. Addition of cold pentane 10°C)

catalysts used has recently been published elsevjhsie
Therefore, only four representative examples are describe
in detail here.

2.2. Synthesis of (triphenylphosphine)gold(l)
pentafluoropropionatelj

A solution of (PRP)AuUCIl (300mg, 0.60mmol) in
dichloromethane (10ml) was added to a suspension o
FsC2,COOAg (200 mg, 0.74 mmol) in the same volume of
the same solvent at78°C with stirring and under protec-

tion against incandescent light. The mixture was stirred for P 6.

gave a colorless precipitate which was recrystallized from
ddichloromethane/pentane, yield 450 mg (91%), mp 208
NMR (CDClz, 20°C), 'H: 7.38-7.56, m, Ph13C{'H}:
163.2, t, J 25.5HzCO,; CF, and CF3 were not detected;
128.9, d,J = 37.4Hz; 129.3, d,J = 10.1Hz; 131.5, s;
133.9, d,J = 17.0 Hz (for Cipso, metg para, andortho, re-
spectively) 3'P{*H}: 15.4, s. IR (KBr): 1653 cm! (1(CO)).
#MS (FAB): m/z 631, 31.1% [lbAg] *; 385, 3.0% [LAGOT;
369, 100% [LAg]; 262, 47.5% [L}. CpiH1sAgO2PFs
(533.17) calcd. C 47.3, H 2.8, P 5.8; found C 47.3, H 2.7,
6.2.

3 h and subsequently filtered. The product was precipitated

from the filtrate by addition of pentane, collected by filtra-
tion and recrystallized from dichloromethane (320 mg, 85%
yield), mp 134 C (decomposition). NMR (CECl5, 20°C),
'H: 6.68-7.12, m, Phi3C{H}: 128.4, d,J = 67.7Hz,

C (ipso); 129.8, d,J = 123Hz, C (net3d; 132.7, d,

J = 2.3Hz, C para); 134.6, d,J = 13.1Hz, C (rtho).
OF{IH}: —6.3, t,3JrF = 112Hz, CR; —42.7, 9,3 JFF =
112 Hz, CR. 3P{1H}: 27.5, s. MS (FAB)m/z 1081, 10%
[(PhsPAUROCOGFs]t; 721, 18% [(PBP)AuU]™; 459,
100% [PRPAU]t. Co1H15AUO,PFs (619.27) calcd. C 40.5,
H 2.4; found C 40.8, H 2.5.

2.3. Synthesis of (triphenylphosphine)
gold(l)-p-tolylsulfonate 4)

A suspension of silver p-tolylsulfonate (300 mg,
1.1 mmol) in dichloromethane (20ml) was treated with
a solution of PBPAUCI (500mg, 1.0mmol) in CpLCl>

2.5. Synthesis of (triphenylphosphine)
silver(l)-p-tolylsulfonate (ethanol)8}

4-MeGsH4SOsAg (290 mg, 1.04 mmol) was suspended
in a mixture of dichloromethane and ethanol (10 ml each)
at room temperature and treated with 3Ph(270mg,
1.04 mmol) for 2h with stirring to give an almost clear
colorless solution. Small amounts of residue were filtered
off and the volume of the filtrate was reduced to a few
ml. The product was precipitated by addition of pentane,
filtered, washed with pentane and diethylether, and dried in
a vacuum, yield 430 mg (76%), mp 12@ (with decompo-
sition). Single crystals can be grown from pentane/ethanol
at —30°C. NMR (CDCk, 20°C), H: 6.87-7.96, m, 19H,
Ph and GHg4; 3.55, q, 2H,J 7.4Hz, CH; 2.14, s,
3H, 4-Me; 1.16, t, 3H, Me3P{1H}: 14.2, s. MS (FAB):
m/z 910, 5.4% [(PBP)Ag>SO3CsHsMe]™; 631, 16.3%
[(PhaP)XAg]™T; 369, 100% [PBPAgQ]™; 262, 26.4% [PEP]™.
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C27H28AgO4PS (587.40) caled. C 55.2, H 4.8, S 5.5; found
C55.4,H4.6,S5.7.

2.6. Addition of water to 3-hexyne
In a typical procedure, a solution of 3-hexyne (1.00g,

12.05mmol) in 5ml of THF (or MeOH) was mixed with
water (870 mg, 48.2 mmol, 4eqiv.) and BEt,O (90 mg,

5.25mol%). The mixture was heated to the reaction tem-

3. Results and discussion

In preliminary experiments, the complexegPAUOC(O)
CoFs (2), (p-tol)sPAUOC(O)GFs (2), MesPAUOC(O)GFs
(3), PiPAUOS(O}-p-tol (4), PlsPAUOS(OXEL (5), Phs
PAuUSS(O)-p-tol (6), PRRPAgOC(O)GFs (7), and PR
PAgOS(03}-p-tol-EtOH (8) were chosen for a study of their
catalytic properties and applied to the reaction of water
with 3-hexyne in THF in the presence of BEt,O as a

perature and the reaction was started by adding a gold cataco-catalyst at 45C (Scheme L The structural and spectro-

lyst, for example, P§PAUOC(O)GFs (1, 10 mg, 0.016 mol,

scopic data for complexds-8 have recently been discussed

0.134 mol%). At regular intervals, small samples were taken elsewherd15].

and analyzed by gas chromatography.

2.7. Addition of water to phenylacetylene

The results of the catalysis experiments are summarized
in Table 1 It appears that the nature of the anions is a very
important factor with respect to the catalytic activity, as al-
ready observed by Teles et al. for the addition of alcohols to

One gram of phenylacetylene (9.79 mmol) was dissolved alkynes in the presence of gold(l) catalyf@k The activity

in THF (5ml) and treated with water (720 mg, 39.16 mmol,
4 eqiv.) in a small flask. After heating the reaction mixture
to 45°C in a water bath BE&E{,O (73mg, 5.25mol%)
and (triphenylphosphine)gold(pHolylsulfonate (8.3 mg,

of the compounds is strongly related to the “hardness” of the
anions, since the LAtication (L = ligand) is likely to be the
catalytically active specie®a]. This cation coordinates to
the alkyne in the first step of the catalytic cycle, thus render-

0.132mol%) were added to start the catalysis. The reac-ing it more susceptible for a nucleophilic attack. Therefore,
tion mixture was analyzed in regular intervals using gas itis not surprising that (P§P)AuSS(O)-p-tol (6) containing

chromatography.
2.8. Addition of water to cyclopentylacetylene

Five hundred milligrams of cyclopentylacetylene (4.60
mmol) were dissolved in THF (5ml) and treated with
water (340 mg, 18.80 mmol, 4eqiv.) in a small flask. Af-
ter heating the reaction mixture to 46 in a water bath,
BF3-Et20 (34 mg, 5.25 mol%) and (triphenylphosphine)gold
()-p-tolylsulfonate (4.0mg, 0.132mol%) were added to

start the reaction. The mixture was analyzed in regular

intervals using gas chromatography.
2.9. Addition of acetic acid to 3-hexyne

A small flask was charged with 3-hexyne (1.00g, 12.05
mmol), THF (5ml), glacial acetic acid (3.61g, 5eqiv.)
and BR-Et;O (90mg, 5.25mol%). The mixture was
heated to 60C and the reaction was started by adding
(triphenylphosphine)gold(l) pentafluoropropionate (10 mg,
0.016 mmol, 0.134 mol%). After a reaction time of 1 h, an
excess of cold £60°C) pentane was added in order to

the softerp-tolylthiosulfonate anion furnishes only traces
of 3-hexanone after 48 h, whereas §PPAUOS(O3}-p-tol

(4) containing the hardgs-tolylsulfonate anion yields more
than 80% of the ketone product after only 4h of reac-
tion time (TOF = 155h1). Even better results were ob-
tained using (P§P)AuOS(O}Et (5) which leads to a TOF of
160 h 1. The most active compound however turned out to
be (PRP)AuUOC(O)GFs5 (1) containing the extremely hard
pentafluoropropionate anion, giving rise to a turnover fre-
quency of 213 h1.

As far as the phosphine ligands are concerned, the ac-
tivity increases as poor phosphinedonors are employed.
Therefore, compound. containing triphenylphosphine is
more active than compounds (TOF = 163h1) and 3
(TOF = 99h1) containing the more strongly donating
ligands trip-tolylphosphine and trimethylphosphine, re-
spectively. Even better results are therefore to be expected
using very electron-poor donors such as triphenylphosphite
(PhOXP, but their complexes with sulfonate or carboxylate
counterions are not stable under the reaction conditions and
therefore catalyst deterioration occurs very quickly. These
observations again resemble the results obtained by Teles

precipitate the gold catalyst and to stop the reaction. After et al. for the addition of alcohols to alkynes using gold(l)

filtration, the mixture was analyzed using gas chromato-

graphy.

45 °C
catalyst ~ HO

sulfate complexes and sulfuric acid as the catalytic system
[9a].

— o /M_Q_ A)V

Scheme 1. Catalytic hydration of 3-hexyne.
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Table 1

Hydration of 3-hexyne in the presence of various catalysts

Catalyst mol% Catalyst referred to 3-hexyne Time (h) Yield (%) TOF (1)
(PhsP)AuOC(0O)GFs (1) 0.134 18 51.2 213
[(p-Tol)sP]JAUOC(O)GFs (2) 0.137 2 43.2 163
(Me3P)AuOC(O)GFs (3) 0.095 2 18.8 9F
(PhsP)AUOS(0)-p-tol (4) 0.132 4 82.1 155
(PhsP)AUOS(O)Et (5) 0.146 15 35.0 160
(PhsP)AUSS(O)-p-tol (6) 0.129 48 0.12 0.02
(PhsP)AgOC(O)GFs (7) 0.156 48 - -
(PhsP)AgOS(0}-p-tol-EtOH (8) 0.167 48 - -

2 Reaction conditions: 1.0g of 3-hexyne (12.05 mmol); 870 mg eDH4 eqiv.); 5.25mol% BEEtO; 5ml of THF; 45°C.
b Determined using gas chromatography (diethyleneglycaokuiitylether as the internal standard).
¢ After a few minutes decomposition to elemental gold occurred.

Under the same reaction conditions as applied for analo- The low catalytic reactivity of LAgX as compared to
gous gold compounds the silver complexes;@®igOC(O) LAuX complexes, e.g. in the addition of nucleophiles to
CoFs (7) and (PRP)AgOS(O3}-p-tol (8) showed no catalytic  alkynes, is readily explained by the much stronger ligand
activity. An explanation for this phenomena can be based binding at the silver atoms. The proposed active [LAg]
on the comparison of the crystal structures of compouhds species are therefore much less abundant in the corre-
and 8 (Fig. 1) which have already been publishilba,c] sponding dissociation equilibria than the [LAulspecies
The mode of dimerization found in (RR)AgOS(O3}-p-tol [15a,c,16] High [LAg]™ activity is to be expected only in
(8) reflects the high acceptor character of the silver atoms cases with counterions Xdevoid of any donor capacity
in these sulfonate complexes which leads not only to and in the complete absence of donor solvent molecules.
strong binding of an extra oxygen atom of a neighbor- The corresponding gold systems are much less sensitive to
ing molecule but also to a fixation of an ethanol solvent the nature of X and of the solvent owing to the strongly
molecule [15c]. For the corresponding gold complexes, reduced acceptor properties of the metal atom.
no such acceptor properties are discernible. In crystals of As (PP)AUOC(O)GFs (1) turned out to be the most
(PhsP)AuOS(03}-p-tol (4), the monomers are only weakly active catalyst among the complexes investigated, this
associated via aurophilic contacts and no solvent is accepteccompound was subsequently used for an investigation of
in the coordination sphere of the metal atojhSa]. the influence of the reaction temperature on the activity.

The reaction of 3-hexyne with water in the presence of
BF3-EtpO was again used as a model system. Since the
results of Tanaka and co-workers indicated that the reaction
rate in their catalytic system improves significantly by using
methanol instead of THF as a solvgh®], experiments with
both solvents were carried out at different temperatures.
The results of these investigations are giveifable 2

PhgR PPh; The results indicate that (BR)AUOC(O)GFs (1) is a

\ very active catalyst for hydration reactions of non-activated

TOZ H\ Au\-- --Au
PP O OEt OO Table 2
Ag A OZS soz Temperature and solvent dependence of the hydration of 3-hexyne cat-
/ \0 PPh3 alyzed by (PBP)AUOC(O)GFs (1)?
Eto\ | Entry Temperature Solvent Time Yield TOF
Ho$O2 (4] (Gmi) (h) (%) (™
1 22 THF 2 13.9 28
2 30 THF 2 34.7 70
3 45 THF 1.8 51.2 213
4 45 MeOH 0.8 86.8 790
5 60 THF 1 56.6 424
6 60 MeOH 0.2 55.5 2078
7 70 MeOH 0.1 52.1 3900
@ Reaction conditions: 1.0g of 3-hexyne (12.05mmol); 870mg of
8 4 H20 (4 eqiv.); 5.25mol% BEEt,O; 10 of mg (PBP)AUOC(O)GFs (1,
0.134 mol%).
Fig. 1. Comparison of the structural motifs found in complexes b Determined using gas chromatography (diethyleneglycaoHolitty-

(PhsP)AuOS(0O3-p-tol (4) and (PRP)AgOS(O}-p-tol (8). lether as the internal standard).
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Scheme 2. Products of the hydration of 3-hexyne in aqueous methanol as solvent.

alkynes. The reaction takes place even at room tempera-rape 4
ture (Table 2 entry 1). It is not surprising that the activ- Influence of the substrate on the reaction rate and the regioselectivity

ity increases significantly with increasing reaction temper- g -~ Time  Yield TOF Markovnikov
atures, and for THF as a solvent the activity rises from ) (%) (1)  addition (%)
28h1 at room temperature up to 424hat 60°C. As al- 3-Hexyne B 821 . -

ready presumed, even higher reaction rates are observed ushenylacetylene 4 6.4 12.0 08.8

ing methanol instead of THF as a solvent. Thus, the TOF Cyclopentylacetylene 4 7.1 136 99.6

can be raised up to 3900h at 70°C without any de-
tectable catalyst deterioration. The catalyst can be recycled
and reused. Even after five catalytic cycles, the activity stays These results indicate that the co-catalyst is not only
the same within the precision range of the measurements.needed to remove the counterions of the gold complexes,
The turnover number after five cycles was approximately thus forming the catalytically active cationic species, but
3400, but it should be possible to increase this value evenshould also play an important role in other steps of the cat-
further. However, using methanol as a solvent gives rise to alytic cycle of the reaction. In the mechanism proposed by
the formation of a small amount of 3-methoxy-3-hexene as Teles et al[9a], it has been proposed that organogold inter-
a byproduct due to the addition of methanol to the triple mediates andF are formed during the addition of methanol
bond Scheme to propyne Scheme 3 and it is likely that the addition of

In another set of experiments, the addition of water water to an alkyne should proceed similarly. AssHft,O
(870mg, 4 eqiv.) to 3-hexyne (1.00g, 12.05mmol) in THF forms HF upon hydrolysis under the reaction conditions, it
(5ml) at 45°C in the presence of (triphenylphosphine)gold is likely that the hydrofluoric acid produced in this process
()-p-tolylsulfonate 4, 10 mg, 0.132 mol%) as the catalyst also accelerates the cleavage of the gold—carbon bonds of

was optimized in respect of the co-catalyst ¢HH,0) the reaction intermediates.

concentration. The results are summarizedable 3 It is The regioselectivity and the influence of the substrate on
interesting to note that neither without catalyst nor without the reaction rate were investigated using unsymmetrically
co-catalyst any reaction is observed. substituted alkynes. Phenylacetylene and cyclopentylacety-

Moreover, it appears that with increasing co-catalyst con- lene were reacted with water (4 eqiv.) under the same condi-
centration the reaction rate increases significantly reachingtions as described above (45, 5.25mol% BR-Et,O, 5ml
saturation at approximately 5mol% (referring to 3-hexyne; of THF) using (triphenylphosphine)gold(p-olylsulfonate
Table 3 entry 7). Using even higher concentrations of (4, 0.132mol%) as a catalyst. The results show that in both
BF3-Et,O does not lead to a further increase of the reaction cases Markovnikov addition is strongly favoréble 4. It

rate. A visualization of these results is givenFig. 2 also appears that the substrate has a great influence on the

Table 3

Influence of the co-catalyst concentration on the reactiorf rate

Entry Co-catalyst Time (h) Yield (98) TOF (h1)
mg mol%

1 (Without catalyst) 90 (BEEt0) 5.25 24 - -

2 - — 24 - —

3 7 (BRs-Et;,0) 0.41 2 0.1 0.38

4 15 (BR-Etz0) 0.88 2 0.3 1.1

5 30 (BRs-Et,0) 1.75 2 18.7 70.8

6 45 (BR-Et,0) 2.6 2 27 102

7 90 (BRs-E;0) 5.25 2 42 159

8 180 (BR-Et;0) 10.5 2 42.4 160

@ Reaction conditions: 1.0 g of 3-hexyne (12.05 mmol); 870 mg gDH4 eqiv.); 10 mg of (P§¥P)AuOS(O)-p-tol (4, 0.132 mol%); 5ml of THF; 45C.
b Determined using gas chromatography (diethyleneglycoHdlitylether as internal standard).
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Fig. 2. Influence of the co-catalyst concentration on the reaction rate.

MG cn,
+(‘)H
HsCOH MesP—Au— ||
Dy
CHs
.
CHgs H—Q
+ + i
{MeBP—Au}—>Me3P—Au—H MesP—AU~ CH;,
A C £
H H
HyC—=——H
B HaC

+ )\ ~OCHs
MesP—AU_ |:
OCH; s S

G /& H
HsC

Scheme 3. Proposed mechanism for the addition of MeOH to prof@aje

reaction rates. Phenylacetylene and cyclopentylacetylene rebond was not observed. If the same quantities of acetic

act more than one order of magnitude slower as comparedacid, 3-hexyne and BFEt,O are mixed and heated to 60

to 3-hexyne. without adding a gold catalyst no reaction occurs at all.
Using (triphenylphosphine)gold(l) pentafluoropropionate

(1, 10mg, 0.016 mmol, 0.134mol%) as a catalyst it was

possible to add acetic acid (3.61g, 5eqiv.) to 3-hexyne 4. Conclusion

(2.00g, 12.05mmol). The reaction of glacial acetic acid

with 3-hexyne was carried out at 6Q in 5ml of THF and It could be shown that (phosphine)gold(l) carboxylates

in the presence of BfEt,O as a co-catalyst (5.25mol%). and sulfonates are highly active catalysts for hydration re-

After 1 h reaction time, both 3-hexanone (yield 12.3%) and actions of non-activated alkynes. Analogous silver(l) com-

3-hexene-3-acetate (yield 6.2%) could be detected using gaplexes are not active in this respect due to the fact that

chromatography. Not surprisingly water present in small silver(l) cations are much stronger acceptors for their lig-

amounts in glacial acetic acid reacts preferentially due to ands and counterions as compared to gold(l) cations. (Triph-

its stronger nucleophilic character as compared to aceticenylphosphine)gold(l) pentafluoropropionats, (the most

acid. Addition of two molecules of acetic acid to the triple active of the compounds investigated catalyzes the addition
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