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Abstract

Palladium(0)-catalyzed alkylation reactions of allylic substrates can be performed using the new concept of
fluorous biphasic system, allowing a very easy recycling of the catalyst. © 1998 Published by Elsevier Science Ltd. All
rights reserved.
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Homogeneous transition metal catalysis is now a well established and powerful tool in
organic synthe51s However, one of the greatest drawbacks of this methodology is the need
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for sometimes labour and cost 1menswe separauon proceuureb tO ISOiat€ e U[gd[llc proaucis
from the homogeneous dissolved catalyst. There is a great demand fo
methodologle s to recover and recycle the often toxi
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a roanic solvent: in t y nat
product(s) are p f rable miscible w ith the organic phase [2]. A new biphasic system called

Fluorous Blphasw System (FBS) was r ecently developed by Horvéth and Rabai [3,4]; this
approach uses a perfluorinated liquid and an organic solvent, the catalyst being soluble
preferably in the perfluorophase due to the presence of perfluorinated ligands. Several
catalytic reactions have been achieved in FBSs: hydroformylation of higher olefins [3],
hydroboration of alkenes [5], oxidation of hydrocarbons [6-8], aldehydes [7] and sulfides [7],
epoxidation of alkenes even in an enantioselective manner [9], and palladlum cross-couplmg
of organozmc bromides with aryl iodides [10]. Our connnumg interest in the area of

PR

palladlum catalyzea reaction in aqueous two- pnase systems {11] promptea us to examine also

the new FBS concepi in pdua(.uum LﬂCﬂller)’ In the present communication we xeport SOmc
preliminary results on the palladlum -catalyzed allylic nucleophilic substitution reaction in
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perfluorinated solvents according to Eq. 1.
DA (b (DI LY LN M 2T
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Table 1. Palladium(0)-Catalyzed Reaction of Cinnamyl Methyl Carbonate with Various Nucleophiles®

AN A
CeHg” 7 “OCOCHs  + Nu-H —> CgHs AR Ny

Entry® Nu-H %Pd  T°C/mn Product(s) Yield %°
la £ 5 50/15 L,GHS/\/\POC " 100 (70)
b0,Cote oCaHs
1b ” " ” ” 1m (78)

1C—g " 3 k] " lm

lh ” * ” ” 43

OCHs S~ FOLHs

2a 2.5 50/15 CeHs 100 (67)
COCH3 CO,CH3

2b ” *» ” ” lm

R_e ” " " ” lm
/'_\\ /'\/\ '—\\

3a-b qd MH 125  50/15 CeHs N © 100
) — | —

3c ” ” 1 ” l(x) (78)

3d 25/80 100 (85)

3e " ” 50/15 » 100

3f : ” ” 80

3g ”» ” ” ” 39

* The reaction was performed in 3mL of THF and 3 mL of C;Fy,; [1]=0.33 mM; [1]: [nucleophile] = 1:1.5; [ Pd] : {[phosphane]
= 1:3; the products were fully caracterized by 'H and ®C NMR.

b Enu'y a corresponds to the 1st cycle; b: 1st recycling; ¢: 2nd recycling and so on.

¢ Determined by g.c.; isolated yields are given in parentheses and are not optimized.

4 76% yield in pure product was obtained for the 3rd cycle.

Aryl phosphorus ligands bearing a -(CH)(CF),F (n = 6,8) substituent have been
introduced by some of us recently for catalysis in supercritical carbon dioxide as a reaction
medium [12,13]. The ethyl-spaced perfluoroalkyl chain can be introduced into the aryl

ur 1 T'he ethyl-spaced pe | DE
moiety in very flexible synthesis [14]. In case of the phosphane P[C6H4 -p-(CH,),CF 3L, it has
been demonstrated that the specific substitution pattern provides efficient protection of the
catalytic active center from steric or electronic influences of the perfluoroalkyl solubilizers.
It was suggested on basis of this observation that the ligand should be useful also in FBS
catalysis [12]. We now found that a fluorous phase soluble palladium catalyst could be indeed
prepared in situ by treating Pd,(dba), (dba = dibenzylidene acetone) by the perfluorinated
phosphane in perfluoromethyicyciohexane. A THF solution of the aliylic substrate 1 and the
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nucleophile 2 was added and the solution was stirred at the indicated temperature. The
reaction mixture was cooled to 0 °C. At this temperature, the tetrahydrofuran phase
contaxmng the coupling product 3 was easily separated by simple decantation, whereas the

alladium catalyst remained in the fluorous phase and could be reused several times. Some
cnhatitiitinmag 110ima Atnnanar]  saathal AanvhAamata oo thae oallulisa ssshatenta and  2rassanas
SUUULULIVLID ualug Cilllialllyil 111 l-ll I Laluvliaite ad> ik uuylw Suusntiiatl allu Yyailoud
nueclannhilac are ciimmarized in Tahla 1
lluvawyul;vo AilVv DUl IOV 111 L QuViw 1.
en cinnamyl methyl carbonate and ethyl acetoacetate were reacted in the presence of

the phosphane/palladium catalyst (5 mol % based on palladium) at 50 °C, the transformation
was almost quantitative after 15 min. The non- OptlmIZBd isolated yields for the Ist and the
2nd cycles were 70 and 78%, respectively. We observed a decrease in the conversion only
for the 8th recycling. The same trends were observed with dimethyl malonate (entries 2a-e)
and morpholine (entries 3a-g). Up to 5 quantitative recyclings were readily performed in the
latter case using palladium loadings as low as 1 mol%.

The condensation between dimethyl malonate and various allylic carbonates was studied
under standard set of reaction conditions and the resuits are shown in Table 2. Allyl methyl
carbonate, (2-vinyl)butyl ethyl carbonate and cyclohex-2-enyl methyl carbonate reacted with

dimethyl malonate to give quantitatively the corresponding ai"“ylalca product(s). In each case
Q1 manunlinaog ~f tha ~atalirat sxrnsmn mmaneflrseaad sritbhhacid nemer Aammancn tem AlsmTrIos=ci s Te 1o
J oIl ylings Ji uic La St WCiIC peliuliiicd wiliout dily cLicase 1i1 L«UIIVCIDIUH 1l
noteworthy that the reaction could be performed at 25 °C in the case of allyl methyl
carbonate

Table 2. Palladium(0)-Catalyzed Reaction of Allylic Carbonates with Dimethyl Malonate®

Entry® Allylic Carbonate %Pd  T°C/mn Product(s) Yield %°
£O2CH3
OoCH3
ib-¢c 100
. QCOLH ~FOELHs o g
Za H? N 100 (45)°
Cotr 2 50/15 Cor o -
2b_c " ” b2 ” lw
™\ S\ COCH3
3a { )—0COLCHs 2 50/180 ¢ < 100 (68)
= =/ COzCH3z
Sb' c ” 2 ” 1] 1 00
3 d ” 2 ” ” 27

* The reaction was performed in 3mL of THF and 3 mL of C,Fy; [1]=0.33 mM; [1]: [nucleophile] = 1:1.5; [ Pd] : {phosphane]
= 1:3; the products were fully caracterized by 'H and *C NMR.

® Entry a corresponds to the 1st cycle; b: 1st recycling; ¢; 2nd recycling and so on.

¢ Determined by g.c.; isolated yields are given in parentheses and are not optimized.

4 Trace amounts of the E isomer and the iso product were also detected by NMR.

QU O 11€ T 1SQIeD 401C LG 230 QUUCL WLID 4L LEIOCLCE DY L



9442

In conclusion we have shown that palladium(0)-catalyzed alkylation reaction can be
performed very effectively using the new concept of fluorous biphasic catalysis, and that
recycling of the catalyst is possible in a very simple and straightforward manner. Further
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