Journal of Organometallic Chemistry 654 (2002) 16—20

ournal
ofOrgang

metallic

Chemistry

www.elsevier.com/locate/jorganchem

Allyl—palladium complexes with fluorinated benzene thiolate ligands.
Examination of the electronic effects in the Pd-catalyzed allylic
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Abstract

The bimetallic complexes [(1>-C3Hs)Pd(u-SR)] [Rr = C¢Fs, (1); CeF4H-4, (2); CeH4F-2, (3); CH4F-3, (4) and C¢H4F-4, (5)] in
the presence of para-substituted phosphines P(C¢H,X-4); [X = OCH3, CH3, H, F, Cl, and CFj] are efficient catalytic systems in the
allylic alkylation couplings of (E)-3-acetoxy-1,3-diphenyl-1-propene and dimethyl malonate. Results concerning the electronic
effects of both sulfur and phosphorus substituents in this reaction are discussed. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

The allylic alkylation reaction is without a doubt one
of the most important reactions in organic chemistry for
the formation of C—C bonds, and the topic has been the
subject of several recent high profile reports [1].
Although impressive yields and turnovers are attained,
it can be envisaged that tuning of the ligands sterically
and/or electronically will not be a trivial exercise.

Sulfur containing complexes have not been widely
used in catalysis due in part to the assumed tendency of
sulfur to act as catalyst poison. This is certainly not the
case and recently sulfur-containing species have found
application in different catalytic processes such as Heck
reaction, hydroformylation, etc. [2].

The chemistry of aromatic sterically hindered thiols
has been extensively studied in recent years due to the
importance that some of its complexes may play as
models for active sites in metalloproteins [3]. This is
particularly true in the case of nitrogenase, thought to

* Corresponding author. Tel.: +55-56424514; fax: +55-56162217.
E-mail address: damor@servidor.unam.mx (D. Morales-Morales).

be the key catalyst in the reduction of dinitrogen to
ammonia [4]. Among the sterically hindered thiolate
ligands, fluorinated benzenethiols have occupied an
important place, due to their ability to stabilize unusual
geometries, oxidation states and intra- or intermolecular
interactions [5]. Some complexes have also been used as
highly active catalysts in hydroformylation and poly-
merization reactions [6] and identified as active inter-
mediates in desulfurization processes [7]. The success of
the fluorinated thiols over other sterically hindered
thiols lays in the facility with which steric and electronic
properties can be tuned by changing fluorine substitu-
tion in the aromatic ring [8]. Thus, we wish to report
here that [(n’-C3Hs)Pd(u-SRp]/PR; is an efficient
system in the allylic couplings of (E)-3-acetoxy-1,3-
diphenyl-1-propene and dimethyl malonate (Scheme 1).
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Table 1

Allylic couplings of (E)-3-acetoxy-1,3-diphenyl-1-propene and di-
methyl malonate using the system [(n3-C3Hs)Pd(u-SRp]./PR; as
catalyst. Effect of the para-substituent phosphine vs. % yield

<(_Pd/SCGF4H—4
Ph/\/kPh

MeOOC.__COOMe

Ph/\IPh

“P(CeHaX-4)s

H,C(CO,CHg),

Xi % Conversion?

X
OCH,
1 O/ 10.5 96.1

CHq
2 ©/ 1.5 942
H
3 ©/ 133 88.2
F
4 O/ 15.7 66.8
cl
5 ©/ 16.8 635
CFs
6 ©/ 202 216

2 Reaction conditions: [(1°-C3Hs)Pd(u-SRg)]/PR; 1:2 molar ratio,
the amounts of bimetallic species and phosphine where calculated to
yield 3 mg of the monometallic species [(n*-C3Hs)Pd(u-SRp)(PR3)].
(E)-3-acetoxy-1,3-diphenyl-1-propene (50.4 mg, 0.2 mmol), dimethyl
malonate (68 pL, 0.6 mmol), BSA (148 pL, 0.6 mmol), and KOAc (1
mg) 4 hours reaction time.

The results concerning the electronic effects of both the
S and P substituents over these reactions are discussed.

2. Experimental

2.1. General

All manipulations were carried out using standard
Schlenk and glovebox techniques under purified Ar.
Solvents were degassed and dried using standard
procedures. The following were purchased and used
without further purification, dimethyl malonate, bis-
(trimethylsilyl)acetamide (BSA), fluorinated thiols and
phosphines (Aldrich Chemical Co.). The complexes [(n>-
C3Hs)Pd(u-SRp)] [9] and [(n*-C3Hs)PA(SRy)(PR3)] [9]
were synthesized as previously described. The "H-NMR
spectra were recorded on a Varian Unity Inova 400
spectrometer. Chemical shifts are reported in ppm
down-field of TMS using the solvent as internal
standard (CDCls, 6 7.26 or C¢Dg, 0 7.16). °C- and
3'P.NMR spectra were recorded with complete proton

decoupling and are reported in ppm downfield of TMS
with the solvent as internal standard (CDCls, 6 77.0 or
C¢Dg, 0 128.4) and external 85% H3POy, respectively.
GC analyses were carried out on a HP 5890A chroma-
tograph with a flame ionization detector (FID) and on a
HP 5890 Series IT with an 5971A mass selective detector
gas chromatographs, and a HP-1 capillary column (25.0
m) from Hewlett Packard.

2.2. Allylic alkylation using [(n’-
C;H5)Pd(SRy) (P(CsH X-4)3)] [9]

To a solution of [(M3-C3Hs)Pd(SR)(P(CeH4X-4)5)]
[X = OCH3, CH3, H, F, Cl, and CF3] (3 mg) in CH2C12
(2 ml), (E)-3-acetoxy-1,3-diphenyl-1-propene (50.4 mg,
0.2 mmol), dimethyl malonate (68 pl, 0.6 mmol), BSA
(148 pl, 0.6 mmol), and KOAc (1 mg) were added, and
the resulting reaction mixture stirred at room tempera-
ture (r.t.) for 4 h. After this time, the resulting solution
was diluted with ether, washed with water and brine,
and then dried over MgSQO,. The solvent was evaporated
under vacuum to yield an oily residue, which slowly
crystallized. Yield >99% of rac-PhCH{CH-
(CO,;Me),} CH=CHPh.

2.3. Allylic alkylation using [(173—C3H5)Pd(u-SRf)]2/
PR;

To a solution (1 ml, CH,Cl) of [(n’-C5Hs)Pd(u-
SRy)» [R =C¢HF4-4 (2)] (one equivalent), [P(CsH4X-
4);] [ X=0OCH;, CH;, H, F, Cl, and CF;] (two
equivalents) in CH,Cl, (1 ml) were added (the amounts
of the bimetallic species and phosphine were calculated
to yield 3 mg of the monometallic species [(1n°-
C53Hs)Pd(SRy)(PR3)], for instance 1.5 mg of the bime-
tallic complex and 1.5 mg of [P(CgH4X-4)3] (X = F). The
reaction was allowed to proceed for 5 min at r.t. After
this time (FE)-3-acetoxy-1,3-diphenyl-1-propene (50.4
mg, 0.2 mmol), dimethyl malonate (68 pl, 0.6 mmol),
BSA (148 ul, 0.6 mmol), and KOAc (1 mg) were added,
and the resulting reaction mixture stirred at r.t. for 4 h.
After the prescribed reaction time, the resulting solution
was diluted with ether, washed with water and brine,
and then dried over MgSO,. The solvent was evaporated
under vacuum to yield an oily residue, which slowly
crystallized. Yield >99% of rac-PhCH{CH(CO,-
Me),} CH=CHPh.

3. Results and discussion

Conditions were found where temperature, reaction
time and amount of catalyst are optimal. Using the
optimized reaction conditions, experiments with the
monometallic complexes [(1*-C3Hs)Pd(pu-SR)(P(CeHa-
X-4)3)] were performed. The phosphines selected allow
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Fig. 1. Correlation between the electronic parameter () of the triarylphosphine and the % yield of the allylic alkylation coupling reactions.

us the fine-tuning of the electronic effects without
including any steric contribution. Similarly, the easy
access to different commercially-available fluorinated
thiols allow us to also examine the electronic effects of
the thiolate ligands. The substrate (E)-3-acetoxy-1,3-
diphenyl-1-propene was considered as the more appro-
priate allylic precursor for this study, since the added
complication of regioselectivity would be zero. In a
common experiment, the reactions were allowed to
proceed for 4 h; chromatographic analysis of the

samples after the prescribed reaction time showed
complete conversions in all examined cases.

The fact that the identity of the catalytic precursor is
known prompted us to explore the possibility to further
simplify our experimental procedure, such that we could
avoid the isolation of the monometallic catalytic pre-
cursor. Thus, 3'P-NMR experiments were carried out
where a specific amount of the dimeric complexes [(n>-
C;3;Hs)Pd(u-SRy)], was reacted in a 1:2 molar ratio with
the corresponding para-substituted phosphines and
compared with authentic samples of the monomers [9].
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Fig. 2. Hammett correlation between reaction rates and the para-substituent in the triarylphosphine.
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Fig. 3. Correlation between the group electronegativity of the fluorinated thiol and the % yield of the allylic alkylation coupling reactions.

The resulting mixtures showed the fast and quantitative
formation of the monometallic species as the unique
products.

In view of these results, catalytic experiments invol-
ving the preparation in situ of the catalyst precursors
were performed. The results obtained showed consis-
tently that high yields can be obtained regardless of the
procedure employed. Thus we decided to carry out the
whole set of catalysis experiments by the more con-
venient in situ generation of the catalytic precursors,
thus eliminating the preparation, isolation and purifica-
tion steps for the monometallic complexes. Further-
more, since the dimeric complexes are more stable in the
solid state than their monometallic counterparts [9], they
can be stored for longer periods of time.

Since all previous experiments have shown quantita-
tive yields, experiments reducing the reaction times to
only 1 h were carried out in order to obtain data, which
could show us a clear trend in reactivity (Table 1). The
results obtained clearly indicate that the systems invol-
ving the more electron-rich phosphines are more effi-
cient in the allylic substitution reactions. These results
agreed well with the previously observed higher stability
conferred to the active species by electron rich phos-
phines in other palladium catalyzed reactions [10].

To better visualize how the phosphines were affecting
the reactions, graphics of yield against the electronic
parameter of the phosphine y [11] (Fig. 1) and relative
rate against the Hammet parameters (opara) [12] (Fig. 2)
were obtained. However these graphics do not show a
linear trend but a behavior that can be better described
as bell-shaped exhibiting a maximum value when —CHj3
is the para-substituent in the phosphine. This effect has

been previously documented by Amatore et al. [13] in
oxidative addition reactions to Pd(0) species. They have
described this behavior to be caused by two antagonistic
effects, the intrinsic reactivity of the catalytic species and
their concentration. Thus when the phosphine becomes
more electron rich, the active species become more
nucleophilic and their intrinsic reactivity increases.
However, when the phosphine becomes more electron
rich, the concentration of the active species decreases
because an equilibrium between the palladium(0) com-
plexes becomes more in favor of less active intermedi-
ates. Presumably a similar explanation can be invoked in
the present case, thus the arguments presented above
would explain the behavior observed in our graphics.

The same behavior (Table 2) can be observed in the
graphic of the group-electronegativity of the thiolates [8]
versus % yield, where the more basic or less electro-
negative thiolate occupies the crest of the curve (Fig. 3).

In summary, [(n3—C3H5)Pd(p—SRf)]2/PR3 is a highly
efficient catalytic system for the allylic alkylation
couplings of (F)-3-acetoxy-1,3-diphenyl-1-propene and
dimethyl malonate. Moreover, the present work offers a
couple of possible strategies to fine-tune the electronic
effects of a particular catalytic system including thiolates
or phosphines.
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Table 2

Allylic couplings of (E)-3-acetoxy-1,3-diphenyl-1-propene and di-
methyl malonate using the system [(n3-C3Hs)Pd(u-SRp)]./PR; as
catalyst. Effect of the fluorinated thiolate vs. % yield

SRy
OAc <(—pd\ MeOOC.__COOMe
/\)\ P(CeHs)s /\I
Ph™ ™ Ph P X" "Ph
HoC(CO.CH3),
Entry SR¢ x % Conversion?
F
F. F
1 5.26 423
S F
F
F
F
2 5.06 88.2
S F
F
o
433 99
3 S

2 Reaction conditions: [(1°-C3Hs)Pd(u-SR)]/PR5 1:2 molar ratio,
the amounts of bimetallic species and phosphine where calculated to
yield 3 mg of the monometallic species [(1>-C3Hs)Pd(u-SRp)(PR3)].
(E)-3-acetoxy-1,3-diphenyl-1-propene (50.4 mg, 0.2 mmol), dimethyl
malonate (68 pL, 0.6 mmol), BSA (148 pL, 0.6 mmol), and KOAc (1
mg) 4 hours reaction time.

References

[1] (a) J. Tsuji, Palladium Reagents and Catalysts, Wiley, Chichester,
1996, p. 290;
(b) S.A. Godleski, in: B.M. Trost, I. Fleming (Eds.), Compre-
hensive Organic Synthesis, vol. 4, Pergamon, Oxford, 1991;
(¢) C.G. Frost, J. Howard, J.M.J. Williams, Tetrahedron:
Asymmetry 3 (1992) 1089;
(d) G. Consiglio, R. Waymouth, Chem. Rev. 89 (1989) 257;
(e) A. Pfaltz, Acc. Chem. Res. 26 (1993) 339;
(f) B.M. Trost, D.L. Van Vranken, Chem. Rev. 96 (1996) 395;
(g) B.M. Trost, Acc. Chem. Res. 29 (1996) 355.

[2] (a) J.C. Bayon, C. Claver, A.M. Masdeu-Bulto, Coord. Chem.
Rev. 193-195 (1999) 73;
(b) J.R. Dilworth, D. Morales, Y. Zheng, J. Chem. Soc. Dalton

Trans. (2000) 3007,
(c) D.E. Bergbreiter, P.L. Osburn, Y.-S. Liu, J. Am. Chem. Soc.
121 (1999) 9531;
(d) A.S. Gruber, D. Zim, G. Ebelling, A.L. Monteiro, J. Dupont,
Org. Lett. 2 (2000) 1287;
(e) D. Morales-Morales, R. Redon, Y. Zheng, J.R. Dilworth,
Inorg. Chim. Acta 328 (2002) 39.
[3] J.R. Dilworth, J. Hu, Adv. Inorg. Chem. 40 (1994) 411.
[4] 1. Bertini, H.B. Gray, S.J. Lippard, J.S. Valentine, Bioinorganic
Chemistry (chapter 7), University Science, USA, 1994.
[5] (a) H. Torrens, Coord. Chem. Rev. 196 (2000) 331 (and references
cited therein);
(b) H. Torrens, Trends Organomet. Chem. 1 (1994) 523 (and
references cited therein);
(c) D. Morales-Morales, Y. Zheng, J.R. Dilworth, R. Redon, H
Torrens, Inorg. Chim. Acta 314 (2001) 37.
[6] (a) A.F. Browning, A.D. Bacon, C. White, J. Mol. Catal. 83
(1995) 1;
(b) R. Vilar, R. Salcedo, R. Gaviiio, T. Ogawa, Eur. Polym. J. 30
(1994) 1237,
(c) R. Vilar, R. Salcedo, R. Gavifio, T. Ogawa, Eur. Polym. J. 31
(1995) 1135;
(d) F. Monteil, R. Queau, P. Kalck, J. Organomet. Chem. 480
(1994) 177,
(e) P. Kalck, P. Escaffre, F. Serein-Spirau, A. Thorez, B. Besson,
Y. Colleuille, R. Perron, New J. Chem. 12 (1988) 687.
[71 E.F. Lahoz, E. Martin, J. Tiburcio, H. Torrens, P. Terreros,
Transition Met. Chem. 19 (1994) 381.
[8] D. Cruz-Garritz, J.A. Chamizo, M. Cruz, H. Torrens, Rev. Soc.
Quim. Mex. 33 (1989) 18.
[9] R. Redoén, R. Cramer, S. Bernés, D. Morales, H. Torrens,
Polyhedron 20 (2001) 3119.
[10] (a) C. Amatore, E. Carré, A Jutand, M.A. M’Barki, Organome-
tallics 14 (1995) 1818;
(b) C. Amatore, G. Broeker, A. Jutand, F. Khalil, J. Am. Chem.
Soc. 199 (1997) 5176;
(c) C. Amatore, A. Jutand, J. Organomet. Chem. 576 (1999) 254;
(d) C. Amatore, A. Jutand, Acc. Chem. Res. 33 (2000) 314.
[11] (a) C.A. Tolman, Chem. Rev. 77 (1977) 313;
(b) T. Bartik, T. Himmler, H.G. Schulte, K. Seevogel, J.
Organomet. Chem. 272 (1984) 29;
(c) P.B. Dias, M.E. Minas de Piedade, J.A.M. Simdes, Coord.
Chem. Rev. 135-136 (1994) 737.
[12] (a) L.P. Hammett, J. Chem. Soc. 59 (1937) 255;
(b) C. Hansch, A. Leo, R.W. Taft, Chem. Rev. 91 (1991) 165.
[13] C. Amatore, A. Jutand, G. Meyer, Inorg. Chim. Acta 273 (1998)
76.



	Allyl-palladium complexes with fluorinated benzene thiolate ligands. Examination of the electronic effects in the Pd-catalyzed 
	Introduction
	Experimental
	General
	Allylic alkylation using [(eta3-C3H5)Pd(SRf)(P(C6H4X-4)3)] [9]
	Allylic alkylation using [(eta3-C3H5)Pd(ç-SRf)]2ŁPR3

	Results and discussion
	Acknowledgements
	References


