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Gold in organic synthesis
Part 2*. Preparation of benzyl-alkyl and
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Abstract

Reaction of [Au(n*-Ar){CH,C(O)R}Cl] (Ar=CH,N=N-
Ph-2, R =Me, CH,(OMe);-3',4",5"; Ar= CH3;(N=NC,H ,Me-
4')-2, Me-5, R=Me) with PPh; and NaClO,-H,O (1:2:1) at
room temperature, leads to reductive elimination giving
[Au(PPh;),]CIO, and the corresponding carbon—carbon
coupling product ArCH,C(O)R. A similar process takes
place when complexes [Au(n*-Ar)}{CH,C(O)R}(PPh,)CI] are
refluxed in tetrahydrofuran, through elimination of
[Au(PPh;)CI].
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Introduction

Thermolysis of alkyl-, alkylaryl-, alkyl(alkoxy-
carbonyl)- and vinyl-gold(III) complexes has been
shown to give carbon—carbon coupling products [1]. We
have previously reported the synthesis of symmetrical
and unsymmetrical biaryls in mild conditions via C-C
coupling by addition of PPh; to cis-diarylgold(III) com-
plexes [2a]. Later, the same method was used in the

*For Part 1 see ref. 2a.
**Authors to whom correspondence should be addressed.

demetallation of (n>-butadienyl)palladium complexes
[2b]. n'- and n’-allyl (acetylacetonato)~palladium and
—platinum complexes also underwent reductive C—C
coupling on treatment with excess PR, [2c]. We now
report two different synthetic methods based on a similar
behaviour of arylketonylgold(III) complexes which
represent a new method of preparing benzyl-alkyl and
-arylketones. We have obtained these gold(III) com-
plexes as the products of the C—H activation of different
ketones by 2-(phenylazo)phenylgold (1IT) complexes (see
Scheme 1) [3].

Results and discussion

We have recently reported that [Au(7*-C¢H,N=NPh-
2){CH,C(O)Me}Cl] (1a) reacts with PPh; to give
[Au(CsH,N=NPh-2){CH,C(O)Me}CI(PPh;)] (2a). In
solution, 2a slowly undergoes reductive elimination to
[Au(PPh;)C]] and, presumably, the coupling product
of the arylazoaryl and acetonyl groups 3a (see Scheme
1) [3d]. We have confirmed this assumption and found
other methods to prepare 3a. Thus, addition of PPh,
and NaClO, to 2a (1:1:1) leads to C-C coupling to
give 3a and the reductive elimination product
[Au(PPh,),]CIO, (see Scheme 1). From a preparative
point of view, quantitative yields of 3a can be obtained:
(i) by refluxing 2a in THF (method a, see ‘Experimental’)
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or (ii) by addition of PPh; and NaClO, to 1a in a 2:1:1
ratio in acetone at room temperature (method b) (see
Scheme 1).

We have extended this study to the synthesis of new
benzyl-alkyl and -arylketones using the above described
methods, a and b, {rom a series of arylketonyl gold(IIT)
complexes of general formula [Au(n*-Ar){CH,C(O)R}-
Cl] (Ar=CsH,N=NPh-2, R=C,H,(OMe);-3,4,5 (1b);
Ar=CH,;(N=NCH,Me-4')-2, Me-5, R=Me (1c)) or
[Au(Ar){CH,C(O)R}CI(PPh;)] (Ar=CzH,N=NPh-2,
R =CH,(OMe);-3,4,5 (2b); Ar=CH,;(N=NCH, Me-
4")-2, Me-5, R=Me (2c)) where Ar is o-metallated
azobenzene or alkyldisubstituted azobenzenes and R
is an alkyl or aryl group. Quantitative yields of ketones
ArCH,C(O)R (Ar=CH,N=NPh-2, R = CH,(OMe),-
34,5 (3b); Ar=CH,(N=NC,HMe-4')-2, Me-5,
R =Me (3c)) were also obtained using both methods
except for 2b when method b was used (34%). In all
cases, after the reductive elimination reactions, the
solvent was removed and the residue was chromato-
graphed through an alumina column ecluting with n-
hexane.

According to spectroscopic and X-ray diffraction stud-
ies complexes 1 and 2 have the structures depicted in
Scheme 1 [3]. Complexes 2 are unstable because of
the coordination of PPh; trans to the CH,C(O)R group,
according to the antisymbiotic effect [4]. The same is
applicable to the expected products of the reaction of
2 and PPh, which should be less stable.

One interesting feature of the synthetic methods
presented here is the possibility of recycling gold from
the gold(I) byproducts following the method previously
described by us [2a]. We are now studying the possibility
of a more direct synthesis of complexes 1 by reacting
[Hg(Ar),] with Me,N[AuCl,] (1:1) in the corresponding
ketone as solvent, but in the case of Ar=2-phenyla-
zophenyl and R=Me, the process takes place with
decomposition to metallic gold and the yield of 1a is
very low. The requirement of Ar having an azo group,
imposed by the method of synthesis of complexes 1
(see Scheme 1), reduces the synthetic utility of the
method. However, we plan in the near future to over-
come this limitating factor by looking for different
methods to coordinate the ketonyl group to other
aryl-gold(III) complexes. The use of other metals (for
example, palladium) will also be tested.

All ketones 3 show the »(CO) mode at higher fre-
quencies (3040 cm ') than that in the corresponding
gold complexes.

Conclusions

Taking advantage of the instability of complexes of
the type cis-[Au(R)(R")CI(PPh,})] and cis-[Au(R)(R’)-

(PPh;),|", we have designed a method that allows us
to prepare the C-C coupling products R-R’, where R=
azophenyl and R’ =CH,C(O)R". This method has ob-
vious possibilities to be extended to other R and R’
groups.

Experimental

NMR spectra were carried out in CDCI, solutions
(data are given in ppm with TMS as a reference, see
footnotes). The starting gold complexes were prepared
as described in ref. 3.

Preparation of the benzyl-alkyl and benzyl-arylketones

Method a. [Au(Ar}{CH,C(O)R}(PPh;)CI] (0.10 mmol)
was dissolved in THF (50 cm?) and stirred under reflux
for 24 h. The solvent was removed to dryness and n-
hexane (50 ¢cm®) added to give a suspension that was
filtered to give a white solid, [Au(PPh;)CI] (0.10 mmol),
and a red solution that was concentrated in vacuo to
give an orange residue that was chromatographed
through alumina (2X15 c¢m, n-hexane as eluent). Re-
moval of the solvent yielded orange solids. Yield (%):
95 (1), 98 (2), 85 (3)*.

Method b. To an acetone solution of [Au(n*-Ar)-
{CH,C(O)R}C1] (0.10 mmol), solid PPh; (0.20 mmol)
and NaClO,-H,O (0.10 mmol) were added and the
mixture stirred at room temperature for 48 h. Removal
of the solvent and addition of n-hexane afforded a
white solid, [Au(PPh;),]ClO, (0.10 mmol), and a red
solution. Workup as above yielded orange solids. Yield
(%): 98 (1); 34 (2); 81 (3).

*M.p. (°C): 72 (3a), 96 (3b), 116 (3¢). MS (m/e): 3a: 238 (M ™,
1%), 222 (13%), 195 (100%), 105 (PhN,, 20%), 77 (Ph, 54%),
51 (CHs, 17%); 3b: 390 (M *, 1%), 195 (100%), 77 (Ph, 51%),
51 (CyHs, 11%); 3¢: 266 (M ™, 1%), 223 (80%), 152 (24%), 119
(14%), 91 (33%), 77 (Ph, 57%), 51 (C,Hs, 30%). 'H NMR: 3a:
2.2 (s, 3H, Mc), 4.2 (s, 2H, CH,), 7.3-7.9 (m, 9H, arylic protons);
3b: 3.7 (s, 6H, OMe), 3.9 (s, 3H, OMe), 4.8 (s, 2H, CH;), 7.3-7.7
(m, 11H, arylic protons); 3e¢: 2.3 (s, 3H, MeCO), 2.4 (s, 3H,
MeCH,), 2.5 (s, 3H, MeCcH,), 4.2 (s, 2H, CH,), 7.3-7.5 (m, 7H,
arylic protons). *C NMR: 3a: 29.3 (Me), 46.9 (CH,), 116.1, 123.1,
128.1, 129.2, 131.2, 131.5, 131.7, 135.1 (arylic carbons), 150.1
(C—N), 152.9 (C—N), 206.3 (CO); 3b: 41.2 (CH,), 56.3 [2(OMe)],
60.9 (OMe), 105.9, 115.9, 123.2, 128.5, 130.1, 131.3, 132.0, 135.9,
138.9, 140.4, 142.5, 149.7, 150.7, 153.1 (arylic carbons), 196.9
(CO); 3¢: 21.5 (MeCO), 21.6 (MeCgH,), 47.0 (CHy), 116.0, 122.9,
128.7, 129.4, 129.9, 1319, 132.1, 132.2 (arylic carbons), 146.7
(C—N), 148.3 (C-N), 204.1 (CO). Anal. Calc. for C;sH,N,O
(3a): C, 75.6; H, 5.9; N, 11.8. Found: C, 74.9; H, 6.1; N, 11.4%.
Cale. for C;3H,N,O, (3b): C, 70.8; H, 5.7; N, 7.2. Found: C,
69.9; H, 5.9; N, 6.8%. Calc. for C;;H;gN,O (3¢): C, 76.7; H, 6.8;
N, 10.5. Found: 76.3; H, 7.0; N, 10.2%.



Acknowledgements

We thank the Direccion General de Investigacion
Cientifica y Técnica (PB-92-0982-C) for financial sup-
port. FJ.C. is grateful for-a grant from the Ministerio
de Educacién y Ciencia (Spain).

References

1 J.AJ. Jarvis, A. Johnson and R.J. Puddephatt, J. Chem. Soc.,
Chem. Commun., (1973) 373; A. Tamaki, S.A. Magennis and
J.K. Kochi, J. Am. Chem. Soc., 96 (1974) 6140; P.L. Kuch
and R.S. Tobias, J. Organomet. Chem., 122 (1976) 429; S.
Komiya and J.K. Kochi, J. Am. Chem. Soc., 98 (1976) 7599;
S. Komiya and A. Shibue, Organometaliics, 4 (1985) 684; S.
Komiya, S. Ozaki and A. Shibue, J. Chem. Soc., Chem.
Commun., (1986) 1555; S. Komiya, T. Sone, S. Ozaki, M.

4

Ishikawa and N. Kasuga, J. Organomet. Chem., 428 (1992)
303.

(a) J. Vicente, M.D. Bermidez and J. Escribano, Organo-
metallics, 10 (1991) 3380; (b) M. Pfcffer, J.-P. Suttter, A.
DeCian and J. Fischer, Organometallics, 12 (1992) 1167; (¢)
T. Hayashi, A. Yamamoto and Y. Ito, J. Organomet. Chem.,
338 (1988) 261; H. Kurosawa, J. Chem. Soc., Dalton Trans.,
(1979) 939; H. Kurosawa, K. Ishii, Y. Kawasaki and S. Murai,
Organometallics, 8 (1989) 1756.

(a) J. Vicente, M.D. Bermidez, M.T. Chicote and M.J.
Sanchez-Santano, J. Chem. Soc., Chem. Commun., (1989) 141;
(b) J. Vicente, M.D. Bermidez, M.T. Chicote and M.J.
Sanchez-Santano, J. Chem. Soc., Dalton Trans., (1990) 1945;
(c) J. Vicente, M.D. Bermidez, J. Escribano, M.P. Carrillo
and P.G. Jones, J. Chem. Soc., Dalton Trans., (1990) 3083;
(d) J. Vicente, M.D. Bermiidez, M.P. Carrillo and P.G. Jones,
J. Organomet. Chem., 456 (1993) 305.

R.G. Pearson, Inorg. Chem., 12 (1973) 712; J. Dehand, J.
Jordanov, M. Pfeffer and M. Zinsius, C.R. Acad. Sci., Ser.
C, 281 (1975) 651; M. Pfeffer, D. Grandjean and G. Le
Borgne, Inorg. Chem., 20 (1981) 4426; C, Arlen, M. Pfeffer,
O. Bars and G. Le Borgne, J. Chem. Soc., Dalton Trans.,
(1986) 359.



