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ABSTRACT
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A generic, simple, and economical route has been developed for the synthesis of phosphines soluble in aqueous, fluorous, and supercritical
CO, phases. The methodology is based on the palladium-catalyzed Heck olefination of haloarylphosphine oxides followed by reduction, affording
various arylphosphines in high yields.

n

One of the current frontiers in homogeneous catalysis is green chemistry in general. Indeed, there appear to be, until
concerned with using as reaction media nontraditional now, no generic methods that allow for the synthesis of
solvents such as water, room-temperature ionic liquids, phosphines applicable to catalysis in these nontraditional
supercritical carbon dioxide (scGand perfluorocarbons. media. We report herein that the palladium-catalyzed Heck
Phosphines are the most widely utilized ligands in metal- reaction provides a simple, versatile route to all such
catalyzed homogeneous reactions. To make their metalphosphines.

complexes soluble in these solvents and facilitate catalyst/ Our methodology is based on a three-step synthesis, that
product separation, the phosphines will normally need to beis, the C—C coupling of haloarylphosphine oxitlevith an
modified. For catalysis in an aqueous phase, this can be donelefinic substrate and hydrogenation of the resulting oxide
by appending the phosphines with hydrophilic groups such substituted olefir2 followed by reduction of the saturated
as -SQNa, -CQNa, and -NRCl,'2whereas by attaching to  oxide 3 to give the free phosphind (Scheme 1). The
perfluorinated moieties or long alkyl chains the phosphines palladium-catalyzed Heck olefination of the halophosphine
becomleishccesoluble or fluorous-s.olubl.e in the case of the Today1998 42, 413, (¢) Ding, H.. Hanson, B. E.. BakosAlgew Chemn,
former!<™" However, few such functionalized phosphines are | Eq. Engl. 1995, 34, 1645. (f) Herrmann, W. A.; Albanese, G. P.;
commercially available and their synthesis is generally not Manetsberger, R. B.; Lappe, P.; BahrmannArdgew Chem, Int. Ed. Engl

an easy undertakintf thus impeding the development of éi?ggg ?%1F§«§?e)reDrll?:ngﬂ(.l' H.. Schmidtchen, F. Petrahedronl995,
catalytic processes in emerging solvents in particular and (3) For examples of phosphines with fluorinated ponytails, see: (a)
Francio, G.; Leitner, WChem.Commun.1999, 1663. (b) Smith, D. C;

(1) (a) Li, C. J.; Chan, T. HOrganic Reactions in Aqueous Media Stevens, E. D.; Nolan, S. horg. Chem.1999,38, 5277. (c) Richter, B.;

Wiley: New York, 1997. (b) Welton, TChem.Re».1999,99, 2071. (c) Deelman, B.-J.; van Koten, @. Mol. Catal. 1999,145, 317. (d) Alvey, L.
Jessop, P. G.; Ikariya, T.; Noyori, RhemRex 1999,99, 475. (d) Horvath, J.; Rutherford, D.; Juliette, J. J. J.; Gladysz, JJAOrg. Chem.1998,63,

I. T. Acc.Chem.Res.1998,31, 641. (e) Curran, D. Angew.Chem.,Int. 6302. (e) Carroll, M. A.; HolmesChem. Commun.1998, 1395. (f)

Ed. 1998 37, 1174. (f) Fish, R. HChem Eur. J. 1999 5, 1677. (g) Barthel- Betzemeier, B.; Knochel, Angew.Chem. Int. Ed. Engl. 1997,36, 2623.

Rosa, L. P.; Gladysz, J. £oord ChemRex 1999 192, 587. (h) de Wolf, (g) Kainz, S.; Koch, D.; Baumann, W.; Leitner, Wngew.Chem. Int. Ed.

E.; van Koten, G.; Deelman, B. Chem.Soc.Rev.1999,28, 37. Engl.1997,36, 1628. (h) Bhattacharyya, P.; Gudmunsen, D.; Hope, E. G.;
(2) For some recent examples of hydrophilic phosphines, see: (a) Katti, Kemmitt, R. D. W.; Paige, D. R.; Stuart, A. M. Chem Soc, Perkin Trans

K. V.; Gali, H.; Smith, C. J.; Berning, D. EAcc. Chem.Res.1999,32, 9. 1 1997, 3609. (i) Langer, F.; Pintener, K.; Stirmer, R.; Knochel, P.
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1999,48, 279. (c) Sandee, A. J.; Slagt, V. F.; Reek, J. N. H.; Kamer, P. C. R. J.Angew.Chem. Int. Ed. Engl. 1995,34, 1241. (k) Chen, W.; Xiao, J.
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2 Formation of 2: 1.1 - 1.5 equiv olefin (relative to bromine), ca 1.3 equiv
NaOAc, 0.5 - 1 mol% palladacycle, 125 °C for 15 - 24 h in DMF.
Formation of 3: 10 bar H,, 10% Pd/C, ambient temperature for 5 h in
EtOAc. Formation of 4: 5 equiv HSICl3, 5 - 10 equiv NEt3, 120 °C for 5 h
in toluene.

substituents in the starting oxide. The=® substituted phenyl
bromides thus behave like activated aryl bromides such as
4-bromoacetophenone in the Heck reaction. Activation of
bromobenzene itself requires more stringent conditions with
the same palladacycle catalysthis may not be surprising
given the strong electron withdrawing capability of the=O

P substituent.'H NMR studies indicate that the electron-
withdrawing effect of the phosphoryl group on tipara
position of a phenyl ring lies between those of a carbonyl
and a bromide group.n line with this argument, tris(4-
bromophenyl)phosphine failed to couple wittbutyl acrylate
under conditions similar to those employed for the corre-
sponding oxide, although this could also arise from possible
poisoning of active palladium species by the excessive
phosphines, and the borane-protected tris(4-bromophenyl)-
phosphine did not react with the same olefin. As with other
Heck reactions, substitution of the vinylic protons by the
arylphosphine oxides occurs at the less substituted side of
the G=C double bond leading twansolefins. With the more
electron rich 1-hexene, 1-decene, and 1-hexadecene, how-
ever, about 10% of the product resulted from 2-substitution,
as judged by théH and**C NMR spectra. The oxideza—i

oxides comprises the essential part of the chemistry. Thisall have been characterized by NMR, MS, and satisfactory
divergent approach, with the haloarylphosphine oxides as€lemental analysis. Thus, with this simple modular approach,

modular building blocks, was expected to offer a much-

potentially water, scCg and fluorous-soluble phosphines

simplified yet generic route to phosphines soluble in aqueous,could all readily be obtained. The versatility of the meth-

fluorous, and scC@ phases, since olefins with various
functionalities are known to couple with aromatic halides
and the phosphine oxide$ are readily available with

odology is further demonstrated by the olefinatioriafith
styrenes to giv&h and 2i.
To obtain the free phosphindsthe substituted phosphine

established procedures and require no special cautions tooXides were first subjected to hydrogenation and then reduced

handle>® To our delight, indeed, the oxidels(n = 1—3)
could be olefinated with a variety of olefinic substrate€H
CHX (X = n-perfluorohexyln-butyl, n-octyl, n-trtradecyl,
butoxycarbonyl, phenyl, 4-chlorophenyl) to gi& In a
typical reaction, a phosphine oxide was mixed with 1.1 equiv
of an olefin (relative to bromine), ca. 1.3 equiv of NaOAc,
and 0.5—1 mol % of the HerrmanitBeller palladacycle
catalyst in DMF” The coupling reaction proceeded smoothly
at 125°C to give the olefinated phosphine oxid2a—i in
more than 90% isolated yields in most cases without
optimization (Table 1). Most of the reactions completed in
24 h reaction time regardless of the number of bromide

Table 1. Olefination of OPPk_(4-CsH4-Br), with H,C=CHX
To Give OPPh_(4-CsHs-Ch=CHX)2

compd X n time, h yield, %P
2a n-CaFlg 1 20 93
2b n-CeF13 2 24 94
2c n-C5F13 3 24 91
2d n-CsHg 3 24 91¢
2e n-C3H17 3 24 93¢
2f N-C14H2g 3 30 86°
29 COz2nBu 3 15 98
2h Ph 3 24 91
2i 4-ClCgH,4 3 24 89

aFor general reaction conditions, see Schemgldolated yield.c Co-
ntaining ca. 10% of 2-substituted isomer.
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by treatment with trichlorosilan®.The feasibility of the
chemistry is shown by the following examples involving
phosphine oxides with distinct substituents. Hydrogenation
of 2¢, 2d, and 2g catalyzed by Pd/C under 10 bar ot H
afforded the saturated oxid8s, 3d, and3g. *H and®’P NMR
spectrum of the oxides so obtained shows no byproducts.
The oxides were therefore taken directly to the next step for
reduction after filtering out the Pd/C catalyst. The removal
of the oxygen was performed by refluxing a mixture of an
alkylated phosphine oxide, trichlorosilane, and triethylamine
in toluene at 120°C for a few hours, affording the free
phosphinesic, 4d, and4g in over 90% isolated yieldsic

(4) Examples of metal-catalyzed synthesis of phosphines are known but
often limited to more specific substrates: (a) Lipshutz, B. H.; Buzard, D.
J.; Yun, C. STetrahedron Lett1999 40, 201. (b) Hanson, P. R.; Stoianova,
D. S. Tetrahedron Lett1999 40, 3297. (c) Martorell, G.; Garcias, X.;
Janura, M.; Saa, J. M. Org. Chem.1998,63, 3463. (d) Ager, D. J.; East,
M. B.; Eisenstadt, A.; Laneman, S. £hem.Commun. 297, 2359. (e)
Gilberston, S. R.; Starkey, G. W. Org. Chem.1996,61, 2922. (f) Herd,
O.; Hessler, A.; Hingst, M.; Tepper, M.; Stelzer, .OrganometChem.
1996,522, 69. (g) Cai, D.; Payack, J. F.; Bender, D. R.; Hughes, D. L.;
Verhoeven, T. R.; Reider, P.J.0rg. Chem.1994,59, 7180. (h) Uozumi,
Y.; Tanahashi, A.; Lee, S. Y.; Hayashi, J.Org. Chem.1993,58, 1945.

(5) (a) Brase, S.; de Meijere, A. IMetal-catalyzed Cross-coupling
ReactionsDiederich, F., Stang, P. J., Eds.; Wiley-VCH: Chichester, 1998;
pp 99—166. (b) Tsuji, Palladium Reagents and Catalystsinnovations
in Organic Synthesis; Wiley: Chichester, 1995.

(6) Benassi, R.; Schenetti, M. L.; Taddei, F.; Vivarelli, P.; Dembech, P.
J. Chem.Soc.,Perkin Trans. 21974, 1338.

(7) Palladacycle= trans-di(u-acetato)bisj-(di-o-tolylphosphino)benzyl]-
dipalladium(ll): Herrmann, W. A.; Brossmer, C.; Reisinger, C. P.;
Riermeier, T. H.; Gele, K.; Beller, M.Chem.Eur. J. 1997,3, 1357.

(8) Quin, L. D.A Guide to Organophosphorus Chemistwiley: New
York, 2000.
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and related phosphines have recently been prepared by asolated yield. While water-soluble phosphines such as P(3-
process starting with the preparation of the corresponding CsHsSO;Na) and P(4-GH,CONa) have long been knowAd,
fluoroalkylated aryl halides followed by metathesis with our methodology provides an easy entry to such phosphines
PPh_.Cl, (n = 1—3) using moisture-sensitive and pyrophoric in which the electronic effects of the ionic groups can now
organometallic reagents, resulting in relatively inefficient be readily minimized by a spacer group.

utilization of the perfluoroalkyl reagents, often the most

expensive of all reagents involvéd™" By way of contrast,

close to 90% of the perfluoroalkyl reagents were effectively P{@K CON

incorporated into the desired product with the present 2rals

methodology. The alkylated phosphide was previously 5

prepared via a multistep reaction starting from 4-bromo-

benzaldehyde, with an overall yield of only 30%The In conclusion, we have developed a generic methodology

presence of the ethylene spacedimattenuates the strong that allows for the easy and economical synthesis of
electron withdrawing effect of the perfluoroalkyl moiety on phosphine ligands applicable to catalysis in such diverse
the phosphorus. Analogous fluorophosphines without a solvents as water, ionic liquids, scg@nd perfluorocarbons.
spacer group can be accessed by an organolithium-mediated he key aspect of the chemistry involves the Heck olefination
reaction or more easily by copper-mediated cross coupling of a haloarylphosphine oxide. The introduction of theC

of 1 with perfluoroalkyl iodides "k The utility of fluoro- double bonds into the oxides also makes further function-
alkylated and alkylated phosphines has been demonstratedilization of the ligands possible.

by a number of examples of reactions catalyzed by their
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The water-soluble sodium salt of tris[4-(2-carboxylethyl)-
phenyl]phosphin& was obtained by hydrolysis of the oily
4g in the presence of NaOH as a white powder in 89%
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