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ABSTRACT

Base
1 Pdcat. EWG'
=~_0Ac 4 (EWG Ru cat. /
2 equiv EWG2 EWG?

An allylic alkylation/ring-closing metathesis domino catalytic process, wherein a palladium and a ruthenium catalyst are concomitantly present
in the reaction mixture from the outset of the reaction, is developed. Evidence for Grubbs' catalysts activity in allylic alkylation is also
reported.

Sustainable chemistry processes appear to be a real challengeatalytic cycles. In this latter case, a simple multitasking
for 21st century chemists. In this respect, transition-metal catalytic system may drive the cycles (FAPDOM type I)
catalysis and multistep one-pot processing are, among othersor different and mutually compatible catalysts may be
two powerful tools to reach such a goal. Indeed, transition- responsible for different cycles (TMPDOM type II).

metal catalysis has proven to be of paramount importance, According to this classification most of the known transi-
allowing more atom-economical transformations as comparedtion-metal catalyzed domino processes are -IDOM,*

to stoichiometric organometallic conditioh©n the other while TM—PDOM type P have been scarcely studied. The
hand, domino reactioAsallow the preparation of complex conceptually intriguing and powerful potential of PDOM type
molecules in a single, step-economical, synthetic operation, 1187 has been explored thus far only by very few scienfists.
thereby limiting the amount of solvent used as well as the  Among the transition-metal-catalyzed processes the-Fsuiji
time-consuming and costly workup and purification proce- Trost allylic alkylatior? (AA) and the ring-closing metathesis
dures. Therefore, combination of the two concepts would (RCM)° have proven to be powerful tools for the construc-
enable a big step toward a more sustainable chemistry.tion of complex molecules. Accordingly, we decided to study
Despite this evidence, the domain of transition-metal cata- the feasibility of an AA/RCM PDOM sequenéé’?

lyzed domino reactions is still in its infancy. We recently

(4) For a review on PdDOM, see: Poli, G.; Giambastiani, G.; Heumann,

proposed a classification to distinguish the various condi- a. Tetrahedron200q 56, 5959-5989.

tions covering this conceptWhile pure-dominasequences
(TM—DOM) involve a single catalytic cycl@seudo-domino
ones (TM—-PDOM) involve the succession of two or more
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For a model reaction we chose to test the AA/RCM of Pd(PPh), with Pd(OAc) in the presence of a phosphine
sequence using dimethyl allylmalondita and allyl acetate  such as dppe (2.5 mol %) or PP mol %) did not affect
as substrates. After a number of optimization experiments, the conversion of the reaction (entries3). Conversely, the
success was finally encountered when the sodium enolateuse of PCy with Pd(OAc) afforded, after complete con-
of dimethyl allylmalonate was added to a mixture of sumption of the starting malonai@, a mixture of the allylic
Pd(PPh); (2.5 mol %), allyl acetate (1.05 equiv), and alkylation product3 and the domino produ@ain a 43:57
Grubbs’ catalyst second generatioB2( 7.5 mol %) in ratio, as observed iftH NMR (entry 4). Suppressing the
methylene chloride at reflux for 1 h. These conditions phosphine or raising its concentration decreased the yield
allowed the formation of the Pd/Ru PDOM cyclopentenyl of the domino produc®a (entries 5-6 vs entry 2). Decreas-
product2ain 74% isolated yield (Scheme 1). It should be ing the amount 0fG2 to 5 or 2.5 mol % still afforded a
reasonable amount of domino product (95 and 79% convn,

_ entries 7-8). As opposed toG2, Grubbs’' catalyst first

Scheme 1. AA/RCM PDOM Sequence generation G1), bearing two PCyand noN-heterocyclic
MeO,C.__CO,Me NaH (1.1 equiv) car'bene ligand, did not allow thg domino process (entry 9),
_ OAc Pd(PPhs), (2.5 mol %) while the AA step was quantitative. Dimeric allylpalladium
| n //—/ Grubbs Il (7.5 mol %) chloride and Pglba without phosphine added were found
tan=1 CH,Cl, reflux less efficient than Pd(OAg)with or without phosphine
ibn=2 (entries 1112 vs entries 2 and 6).
cn=3 TheN-heterocyclic carbene-liganded Pd catalyst [RHEE
MeO,C.__CO,Me 2an=1 74% (IPr)CI]*® showed a good activity (entry 13). Changing
@)n %22:% ?Z://o solvent from CHCI, to toluene induced a minor decrease
° in the domino yield (entry 14), while THF almost completely
Isolated yields inhibited the RCM step (entry 15). Influence of the nature

of the base was also studied. DBU,®0;, CsCOs;, and
BSA/AcOK induced a dramatic decrease of the domino

pointed out that both catalysts are present in the reaction X i
product yield (entries 1619).

medium from the outset of the reaction. These conditions

also allowed access to cyclohexerd and cycloheptenyl Control experiments were next performed. As expected,
2c PDOM products in, respectively, 67 and 74% isolated When a Grubbs’ catalyst was not added to the reaction
respectively. more, when both Ru and Pd catalysts were omitted, neither

Representative optimization experiments are reported in 3 nor 2awas observed. Surprisingly, when the reaction was
Table 1 using dimethyl allylmalonafea. First, replacement ~ fun in the absence of a Pd source, but in the presence of
G2, the partial formation o8 was still observed (entry 21).

(7) For a selection of significant contributions to this field see: (a) Lebel, ; [T
H.: Paquet, V.J. Am. Chem. So@004 126 1152-1153. (b) Son, S, U.: These two experiments clearly indicate tk&# was able to
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Park, K. H.; Seung, U. S.; Chung, Y. Kirg. Lett. 2002 4, 4361-4363. nonmetathetic reactions have been reported using ruthenium
(d) Jeong, N.; Seo, S. D.; Shin, J. ¥.Am. Chem. So@00Q 122, 10220~ hesi lysté he b N K led his |
10221. (e) Grigg, R.; Sridharan, V.; York, Metrahedron Lett1998 39, meta.t esis catalystSto t e besto our knowledge, this IS
4139-4142. (f) Barnhart, R. W.; Bazan, G. . Am. Chem. S0d.998 the first example showing the activity of one of them in

120, 1082-1083. (g) Cossy, J.; Barigiggia, F.; BouzBouz,&xg. Lett. ; i~ 15

2003 5, 450-462. () Morken. J. P.: Didiuk, M. T Visser, M. S.- Hoveyda,  &IYliC glkylatlon.

A. H. J. Am. Chem. S0d.994 116, 3123-3124. The influence of a more polar solvent was next tested.
(8) This process has also been alternatively describedoasurrent ;

tandem catalysis(ref 6a), tandem orthogonal catalysigref 6b), or Wh(_an laand a”yl acetate were treated WIGQ_ (7‘5 mol

cooperatie sequential multicatalysigef 6c). %) in THF at reflux for 24 h, a 55% conversion Bwas

(9) (8) Tsuji, J. The Tsuji Trost reaction and related carbecarbon  gpserved (entry 22). Similarly, replacing the latter catalyst
formation reaction. ItHandbook of Organopalladium Chemistry for Organic

SynthesisNegishi, E.-I., Ed.; John Wiley & Sons: NY, 2002; pp 1669  With G1 still allowed a 39% conversion ®(entry 23). The

1844. (b) Trost, B. M.; Van Vranken, D. IChem. Re. 1996 96, 395— ruthenium-catalyzed allylic alkylation of the sodium enolate
422, . .

(10) Handbook of Metathesi&rubbs, R. H., Ed.; John Wiley & Sons: of thle unsubstituted d'methyll mal_ona4(a/vas next te_Sted'
New York, 2003. In this case, use db1 allowed isolation of an 89:11 mixture

(11) The only related work has been reported by Braddock et al. who of mono- an iallvlat r n in 37% viel
studied the in situ Pd-catalyzed isomerisation of allylic acetates and Ru- of mono- and diallylated productta and3a in 37% yield

catalyzed RCM of dienic substrates. These authors demonstrate that the(SCheme 2).
critical point was the slippage of ligands from one metal center to the other | jg noteworthy that throughout the experiments no RCM

which inhibits the activity of the catalysts. Optimal conditions were found
using 5 mol % pg(dba)g.{,ba, 20 moff% ppjr;lpand 5 mol % of Grubbs’ product2a was ever detected. We therefore suspected that

catalyst second generation or Hoveydarubbs’ catalyst. These conditions  in the reaction medium the Grubbs’ catalyst gave rise to a
allow a limited (57%) conversion of the tandem isomerization/RCM. See:
(a) Braddock, D. C.; Wildsmith, A. Jletrahedron Lett2001, 42, 3239—
3242. (b) Braddock, D. C.; Matsuno, Aetrahedron Lett2002 43, 3305~ (13) Viciu, M. S.; Germaneau, R. F.; Navarro-Fernandez, O.; Stevens,
3308. E. D.; Nolan, S. POrganometallic2002 21, 5470-5472.

(12) A reverse one-pot sequence, Ru-catalyzed cross metathesis/Pd- (14) (a) Alcaide, B.; Almendros, Ehem. Eur. J2003 9, 1259-1262.
catalyzed allylic carbonate reduction has been recently reported by Comins(b) Mukherjee, A.Synlett2006 1128-1129.
et al. In this sequence, the second catalytic system is added after completion (15) Ruthenium-catalyzed allylic alkylation is a well-known process see:
of the first step, yielding a product in 685% yield. Comins, D. L.; Trost, B. M.; Toste, F. D.; Pinkerton, A. EEhem. Re. 2001, 101, 2067—
Dinsmore, J. M.; Marks, L. RChem. Commur2007, 4170-4171. 2096.
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Table 1. AA/RCM PDOM Sequence

MeO,C CO,Me
2 2 onc  Base (1.1 equiv) MeO,C.__CO,Me MeO,C.__CO,Me
[Pd], [Ru] é
+ - +
| 7 Solvent, reflux, 1 h Y/ N\
1a 3 2a

entry [Pd] ligand (mol %) [Ru] (mol %) base solvent convn (%)® 3:2a¢
1 Pd(PPhs), - - G2t 7.5 NaH CH,Cly 100 0:100
2 Pd(OAc), dppe 2.5 G2 7.5 NaH CH,Cly 100 0:100
3 Pd(OAc), PPhg 5 G2 7.5 NaH CH,Cly 100 0:100
4 Pd(OAc), PCys 5 G2 7.5 NaH CH,Cl, 100 43:57
5 Pd(OAc), dppe 5 G2 7.5 NaH CHsCly 83 12:88
6 Pd(OAc), - - G2 7.5 NaH CH;Cly 100 44:56
7 Pd(OAc)2 dppe 2.5 G2 5 NaH CH.Cly 100 5:95
8 Pd(OAc)2 dppe 2.5 G2 2.5 NaH CH.Cly 100 21:79
9 Pd(OAc)2 dppe 2.5 Gl1e 7.5 NaH CH2Cly 100 98:2
11 Pdadbas - - G2 7.5 NaH CHsCly 100 80:20
12 [Pd(C3H5)Cl]s — - G2 7.5 NaH CHsCly 70 57:43
13 [Pd(C3H5)(IPr)Cl] - - G2 7.5 NaH CHyCly 100 12:88
14 Pd(OAc)s PPhj 5 G2 75 NaH toluene 100 7:93
15 Pd(OAc): PPhg 5 G2 7.5 NaH THF 92 91:9
16 Pd(PPhs), - - G2 7.5 DBU CH,Cly 62 100:0
17 Pd(PPhs), - - G2 7.5 KoCO3? CH,Cly 17 94:6
18 Pd(PPh3)4 - - G2 7.5 CSzCO3d CHzClz 76 96:4
19 Pd(PPhs), - - G2 7.5 BSA/AcOKe CH,Cly 67 48:52
20 Pd(OAc), PPhg 5 — - NaH CH,Cl, 100 100:0
21 - - - G2 7.5 NaH CH.Cl, 35 100:0
22f - - - G2 7.5 NaH THF 55 100:0
23f - - - G1 7.5 NaH THF 39 100:0

aConsumption ofla and 3:2a ratios as determined b4 NMR. ® G2: Grubbs’ catalyst second generation, J(#es)RuCh(=CHPh)(PCy)]. ¢ G1:
Grubbs’ catalyst first generation, [RuCGFCHPh)(PCy),]. 92 equiv were used and BNBr (10 mol %) was added.BSA (1.1 equiv), AcOK (10 mol %).
fReaction time: 24 h.

non-carbenic Ru species able to catalyze allylic alkylation. metathesis between allyl acetate &t Based on integration
On the basis of this hypothesis, %l NMR study was of the NMR spectra a 4:82:14 ratio 6f1/5/6 was obtained.
undertaken. The carbenic proton®1 appears as a singlet Addition of sodium malonate (10 mol %) to this mixture
at 20.17 ppm indg-THF (NMR 1, Figure 1). Addition of induced, in 5 min, the complete disappearance of any
sodium malonate (1 equiv) to the reaction mixture did not
affect the carbenic region of the spectrum.

In an other experiment, allyl acetate was adde@ 1910

mol %) in dg-THF. After 30 min at room temperature the g °Cs geey
appearance of two new signals in the carbenic region was N g:: u oome
observed (NMR 2). The triplet (19.00 pph= 4 Hz) was PCYs 1 PCy, OAc H\\H
attributed tdb, whereas the singlet (19.03 ppm) was attributed Clg = 5
to 6. These two compounds were evidently formed by olefin 1 cl F',Cy3 Ph
‘ G1 PCyapy
\‘ Cl.. |
L o=, ‘
Scheme 2. Grubbs-Catalyzed Allylic Alkylation e K{ | —
MeO,C OA NaH (1.1 equiv) S — o — |%“i
> " C  Grubbs | (7.5 mol %) il
| i
MeO,C /) g\ " i NMR 2
o2 4 THF, reflux, 12 h o
4 37% isolated yield
NMR 3
MeO,C.__CO,Me  MeO,C.__CO,Me
+ 200 19.8 T VA S T
/ \ (ppm)
89:11 3 Figure 1. *H NMR spectra.
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s betweenG1 and5 is most likely slow compared to the Pd-

Table 2. Double AA/RCM Sequence catalyzed allylic alkylation step.
Pd(PPh3)4 (2.5 mol %) We finally tackled a more ambitious sequence wherein
one EWG' 3‘12:' g{ﬁb%g“lil"gm mol %) EWG' 2a would be obtained directly from the unsubstituted
S + 2 D< dimethyl malonaté via a double allylic alkylation followed
2.1 equiv WG CH,Cly, reflux, 4 h EWG? by a ring-closing metathesis step in a one-pot sequence. To
EWG! our delight, when dimethyl malonate was submitted to the
entry <EW62 product yield (%)” action of allyl acetate (2.1 equiv) using our optimized
AA/RCM conditions, cyclopentenga was isolated in 45%
COMe s [><°°2Me 2 7 yield. This yield could be improved to 71% by simply adding
CO,Me COMe the Grubbs’ catalystG2 after complete conversion of
COMe dimethyl malonate t®B (Table 2, entry 1). In this single
> S 7 [><°°Me 13 28 synthetic step three new-€C bonds are formed. Similarly,
COMe acetylaceton&, methyl acetylacetat® and ethyl nitroacetate
FOoMe CoMe 9 led to the desired productk3, 14, and15in 78%, 89%,
3 coMe 8 [><COZME 14 89 and 81% vyield, respectively (Table 2, entries4). Cyclic
NO, precursors gave also quite satisfactory results. Indeed,
4 <cozEt 9 [><NOZ 15 81 Meldrum’s acid 10, cyclohexan-1,3-dionell, and 1,3-
COEt dimethyl barbituric acidl2 reacted smoothly affording the

R o Q o expected bicyplic productks, 17, a_nd18 in 89%, 68%, and
5 Oi:OK 10 [X;OK 16 39 92%, respectively (Table 2, entries-3).
0]
R 0,

In conclusion, we have developed the first allylic alkyla-
tion/ring-closing metathesis domino sequence concomitantly

catalyzed by Pd and Ru. This study demonstrates the
6 11 D§:> 17 68 compatibility of the two catalytic systems. We also observed

° o) for the first time that Grubbs’ catalysts can act as precatalysts
Q % o for allylic alkylation.
7 g: = 12 @;Nﬁo 18 92
4 N N Acknowledgment. This paper is dedicated to Dr.
© Genevige Balme on the occasion of her 60th birthday. We
a Al reactions were carried outroa 1 mmol scale? Isolated yields. thank Leslie Levas for her contribution in preliminary

experiments. CNRS and UPMC are acknowledged for
financial support. The sponsorship of COST Action D40
“Innovative Catalysis: New Processes and Selectivities” is
kindly acknowledged.

carbenic signal (NMR 3). We thus assume that activation of
Grubbs’ catalyst requires both sodium malonate and allyl
acetate. First, allyl acetate reacts wiii to generate the

corresponding carbenic compl&xThe latter then interacts

with sodium malonate to generate a new allylic alkylation
active non-carbenic ruthenium complex. While this pathway
formally precludes the PDOM process, metathetic reactivity
can still be observed since thermodynamic equilibration OL702694Vv
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