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The synthesis of phosphine oxazoline ligands based on P-chiral 1-phosphanorbornadienes is reported. The use of these ligands in palladium
catalyzed asymmetric allylation and Heck reaction is described.

Optically activeC,-symmetric bisphosphines and nonsym-  In the past few years, practical routesRechiral ligands
metric phosphineoxazoline ligands have been used as chiral have been developed, and some of these ligands have been
ligands in a wide range of metal-catalyzed asymmetric successfully used in asymmetric hydrogenatiSn®. Mathey
reactions."8 Many of the known phosphine ligands carry et al. have developed the synthesis of monoderRathiral

the chiral information that is ultimately transferred to a 1-phosphanorbornadienes from phospholes and alk§rés.
reaction product on their carbon skeleton. Considerably less

attention has been paid to ligands with chiral phosphorus (g) ojima, I. Catalytic Asymmetric Synthesis; VCH Publishers: Wein-
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(9) Pietrusiewicz, K. M.; Zablocka, MChem. Rev1994,94, 1375—
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at high temperatures1? (10) Imamoto, T. IrHandbook of Organophosphorus Chemistngel,
R., Ed.; Dekker: New York, 1992.

T Department of Chemistry, Washington University, St. Louis, MO (11) Kagan, H. B.; Sasaki, M. IrfChemistry of Organophosphorus

63130. Compounds; Hartley, F. R., Ed.; Wiley: Chichester, 1990; Vol. 1.
* Department of Chemistry and Biochemistry, University of Delaware, (12) Valentine, D. JAsymmetric Synthesis; Academic: Orlando, 1984;
Newark, DE 19716. Vol. 4.
8 Current address: Catalytica Pharmaceuticals, 430 Ferguson Drive, (13) Muci, A. R.; Campos, K. R.; Evans, D. A. Am. Chem. Sod995,
Mountain View, CA 94043. 117, 9075—9076.
(1) Sawamura, M.; Ito, YChem. Rev1992,92, 857—871. (14) Imamoto, T.; Watanabe, J.; Wada, J.; Masuda, H.; Yamada, H.;
(2) Burk, M. J.; Feaster, J. E.; Nugent, W. A.; Harlow, R.J..Am. Tsuruta, H.; Matsukawa, S.; Yamaguchi, K.Am. Chem. S0d.998,120,
Chem. Soc1993,115, 10125—-10138. 1635—1636.
(3) Trost, B. M.; Van Vranken, D. L.; Bingel, Cl. Am. Chem. Soc. (15) Wolfe, B.; Livinghouse, TJ. Am. Chem. S0d.998,120, 5116—
1992,114, 9327—9343. 5117.
(4) Pfaltz, A.Acta Chem. Scand.996,50, 189—194. (16) Mathey, F.; Mercier, F.; Charrier, C.; Fischer, J.; Mitschler JA.
(5) Kudis, S.; Helmchen, GAngew. Chem., Int. Ed. Engl998, 37, Am. Chem. Sod 981,103, 4595—4597.
3047—-3050. (17) Charrier, C.; Bonnard, H.; de Lauzon, G.; Mathey) FAm. Chem.
(6) Dawson, G. J.; Frost, G.; Williams, J. M. Detrahedron Lett1993, S0c.1983,105, 6871—-6877.
34, 3149—-3150. (18) Breque, A.; Alcaraz, J.-M.; Ricard, L.; Mathey, Rew J. Chem.
(7) Noyori, R. Asymmetric Catalysis in Organic SynthesWiley & 1989,13, 369—374.
Sons: New York, 1994, (19) Mathey, F.Chem. Re»1988,88, 429—453.

10.1021/0l006323h CCC: $19.00  © 2000 American Chemical Society
Published on Web 08/12/2000



Scheme 1

HC  CHs HC  CH
3 3 HsC
1.} Ph COMe 3
Y heat /Z:S(H ) Me o [ / P Hﬁ / cone
[ Ph— 2.) Sg toluene
5 o g T H COMe
Ph 7 major product
80%
1.} Lil, pyridine
reflux
CH, o vi H-C CH3 H,C
HsC 7 Ph 98% vield _ 3 7 > Ph Ph CH3
P/ ol Ph P \\
Ph™ 2.) (S)-valinol, EDC, HOBT S NH
COMe DMF, RT 24h o
i 93% yield :’
racemic N
. H
mixture /\ © HO diastereomers
were separated
by chromatography
HC HC CH;,
Z MsCi, EtaN, DMAP ZP / ®ph s chs NSCLEtN, DMAP P &
80% \\ 3%
/\ OH \\§\

In these structures, the phosphorus atom, is located in theseparated® Each diastereomer was carried forward since it
bridgehead of a rigid bicyclic system, and as a consequencewas not known which combination of chiral centers would
is not subject to racemization. Recently, Mathey prepared aprove most effective. The separation was followed by

chelatingP-chiral bisphosphine, BIPNOR, incorporating two
phosphanorbornadienyl unitsHere we report the synthesis

CH
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o
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R
1a, 1b: Ar= phenyl R = isopropyl
2a,2b: Ar=phenyl R = tertbutyl
3a,3b: Ar=phenanthryl R = iso-propyl
4a, 4b: Ar= anthracyl R = isopropyl

Figure 1. Phosphanorbornadienyl-based ligands.

of a new class of P—N phosphine—oxazoline ligands (1—
4), bearing a chiral phosphanorbornadienyl (P-donor) and
an oxazoline (N-donor). Additionally, we report their use in
both the asymmetric Heck reaction and asymmetric pal-
ladium-catalyzed allylations.

reaction with methansulfonyl chloride and triethylamine to
give the desired set of oxazolinekl( 12). The identity of

the two diastereomeric phosphine oxazolines was determined
by X-ray crystal structure of ligandl2.

While 1-phenyl-3,4-dimethylphospholB)(is readily avail-
able?*there are few examples of phospholes where the aryl
group is something other than phef¥t?” To readily
synthesize the desired ligands with a variety of aryl groups
on the bicyclic system it was necessary to develop a route
to phospholes with a variety of aromatic substituents. We
have found that such phospholes (15—18) can be prepared
by palladium-catalyzed phosphine coupling of Stille, using
the conditions developed by Liebeskiffd.

We found this method to be effective in the synthesis of
a number of phosphole derivatives. The coupling was
successfully carried out with 1l-iodonaphthalene (26%),
9-iodophenanthrene (26%), 9-iodoanthracene (30%), and

(20) Mathey, F.Phosphorus: The Carbon Copy; From Organophos-
phorus to Phosphaorganic Chemistiyiley & Sons: New York, 1998.
(21) Robin, F.; Mercier, F.; Ricard, L.; Mathey, F.; Spagnol, Ghem.
Eur. J.1997,3, 1365—1369.
(22) McMurry, J.Org. React.1976,24, 187—201.
(23) The separation of the diastereomers was carried out by column

The desired ligand is readily available through the Scheme chromatography using mixture of 60%EtOAc and 40% hexane as eluent to

1, shown below. The phosphanorbornadienyl unit is preparedgl

by the [4 + 2]-cycloaddition of 1-arylphospholes and
alkynes, as described by Math¥y2° Cycloaddition of

phenylpropiolate gives a 2:1 mixture of regioisomers with
the desired isomer7] as the major product. After the
cycloaddition reaction the phosphine functionality was

ve 9 (0.20 g) andlO (0.26 g) as white solids (combined yield 93%).

(24) Breque, A.; Mathey, F.; Savignac, Bynthesis1981, 983—984.

(25) Some phospholes bearing heteroaromatic substituents at phosphorus
have been prepared. Lithium phospholide reacts with 2-bromopyridine or
2-bromophosphinine generally in the presence of Pd(0) or Ni(0) catalysts
to give the corresponding 1-pyridinylphosphole and 1-phosphininylphos-
phole. The reaction takes place also without a catalyst.

(26) Waschbusch, K.; Le Floch, P.; Mathey Bull. Soc. Chim. Fr1995
132, 910—919.

protected as the phosphine sulfide. Conversion of the ester (27) Holand, S.; Jeanjean, M.; Mathey,Angew. Chem., Int. Ed. Engl.

to the acid® and coupling of an amino alcohds-valinol,
gives two diastereomeric producg&andl10, which are easily
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1-iodo-2,6-dimethoxybenzene (7%). The less hindered pro- complex ofla catalyzed the addition of dimethyl malonate

ceeded in 12—15 h, while the more hindered example, to 1,3-diphenylprop-2-enyl acetate in 94% ee, giving the
1-iodo-2,6-dimethoxybenzene, required higher catalyst con- S-enantiomer in essentially 100% yield with benzene as
centrations and 14 days to completely react. Ligaheig solvent, at room temperature (Table 1). When the other
diastereomer (1b) was used as ligand in this reaction, the
R-enantiomer was the major product, again with good
enantioselectivity (81% ee). The change in sense of chirality

Scheme 2 . ” - .
he  CoH he  ch obtained illustrates that ligands-4 behave differently from
° $ L ¢ Z_g ¢ BusSnCl the phosphineexazoline ligands reported previously. In the
Z:g T—HF> /P\ T> systems reported by Pfaltz, Helmchen, and Willidnfghe

5 Ph Ui 13 chiral group that directs the sense of the asymmetric
induction is next to the nitrogen atom of the oxazoline ring.
HC  oHy P heo o o In the reaction of 1,3-diphenylprop-2-enyl acetate Helmchen
/o L» I\ reports that the configuration of the soft ligand (the phos-

y ZnBu AsPh3 APr phine) is unimportari? The above results indicate that the

3

significant chirality in this system is the phosphorus atom

since in both diastereomers the oxazoline moiety is the same,
Ar= OO but the two diastereomeric ligandsa and 1b give the
O OO 17 opposite enantiomers as the major product.
15

Given that the chirality at the phosphine portion of the

g e ligand seems to be important, we felt that increasing the size
H,CO OCHg of the aromatic group on the bicyclic phosphine should result
OOO 16 18 in increased selectivity. Unfortunately, this did not prove to

be the case. Examination of three ligands with the group on
the oxazoline held constant, entries 1, 7, and 9, resulted in
were examined in the asymmetric Pd-catalyzegllyl a decrease in selectivity as the size of the aromatic groups
addition of dimethyl malonate to 1,3-diphenylprop-2-enyl Was increased. It is interesting to note that the ligand with

acetate (19) (Table 1). It was found that the palladium the largestaryl group anthracene gives the opposite selectiv-
ity from the ligands with phenyl or phenanthrene. In the case

of 1b and4b, this effect resulted in a complete reversal of
the catalysts selectivity, 81% ee for tReenantiomer with

Table 1. Enantioselective Allylic Alkylation 1b and 83% ee of th& enantiomer withab.
QA CHACOACHa)s H(COCHa), Examples of intermolecular asymmetric Heck reactions
O = _— > O are rather limited. Recently, Pfaltz et al. reported that
TBAF/BSA . . _ . .
19 1 mol % [#-CaHsPdClls 20 (S) phosphine-oxazolines are efficient ligands in the Heck
48 mol ;‘r'r?:”d reaction between alkenyl triflates and cyclic alkeffé3The
reaction between 2,3-dihydrofuran and cyclohex-1-en-1-yl
entry ligand®  solvent T (°C) vyield® (%)  ee (%) trifluoromethane sulfonate with the Pfaltz system produced
1 1a Cato t 100 94.(S) 23in high enz_intlpmerlc excesses. The author also reported
2 1a CeHsCHs  —10 100 94 () that the reaction is very slow and after 3 days at6nly
3 1a CH,Cl, 0 100 61 (S) the ligand with R= t-Bu gives 95% conversion. With ligands
4 1b CeHs rt 100 81 (R) bearing smaller alkyl groups the conversion is below 30%
5 2a CsHs rt 100 93 (S) under the same conditions. Ligantis4 were screened in
6 2b CsHs rt 100 68 (R)
7 3a CsHs rt 100 39 (S)
8 3b CeHs rt 100 44 (S)
9 4a CeHs rt 85 25 (R) Scheme 3
10 4b CeHs rt 100 83 (S) oTi
. . . ! Pd,(dba)s = —
aThe ligands were stored as their phosphine sulfides and were converted / \ . CeHs [ §
to the phosphine just before use. The phosphines were reduced by the o — ™o + 0 @
following procedure; Raney nickel (~25 equiv) in a Schlenk tube was 21 2 "E:Qg 23(s) 23(R)

washed three times with GBH, three times with EO, and three times
with degassed C¥CN. A solution of phosphine sulfide in GEN was
added, and the mixture was freegzgump-thaw-degassed for three cycles.
The suspension was stirred until the reduction was compiéeNMR,

usually 1.5 h). Thus obtained phosphindsZ, 3, or4) were used directly  this reaction. Their palladium complexes catalyze the reaction

in a catalyst preparatiod.The yields are of the isolated product after column .
chromatographys The enantiomeric excesses are determineéHo){MR to completlon at room temperature (Table 2)' In the case of

(CDCls) using eu(hfcy shift reagent. The reactions were carried out with 1

mol % [Pd(allyl)ClL, 4,5 mol % ligand, and 3 equiv of each of dimethyl (29) Sprinz, J.; Kiefer, M.; Helmchen, G.; Reggelin, M.; Huttner, G.;
malonate, BSA, and TBAF (1 M in THF). The reactions were complete in Walter, O.; Zsolnai, L Tetrahedron Lett1994,35, 1523—1526.
30 min. (30) Loiseleur, O.; Meir, P.; Pfaltz, AAngew. Chem., Int. Ed. Engl.

1996, 35, 200—202.
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s on the selectivity. Complesa provides the fastest catalysis

Table 2. Enantioselective Heck Reaction but. gives the product in 5§% ee. This is in.corlltra.s.tLa)
which requires 120 h but gives the product in significantly

o Pdy(dbas higher selectivity (entries 1 versus 9).
O @ _ GHe @% Just as in the case of the Pfaltz system, when the size of
9 ligand 23(n) @ @ the group on the oxazoline is increased from isopropyl to

tert-butyl, the selectivity of the catalyst is increased, ulti-
mately giving the product in 93% ee. With ligantis4 the
formation of product24 is observed in 10% or less. It has
been reported that this is the major product obtained in the

yield® of
entry ligand® solvent T (°C) time(h) 23(%) ee (%)

1 la CeHs re 120 92 76(R) Pd—BINAP-catalyzed reactiofi.

2 la THF 70 2 76 76(R) In summary, we have prepared a new clas$athiral

3 1ab THF 55 96 73 78 (R) . L - .

4 b THE 55 24 90 48 (R) phpsphme—oxazolme I|ganQS containing a nonrgcemlzable
5 2a CeHe rt 120 85 90 (R) chiral P-donor. The synthetic methodology provides both
6 2ac THE rt 80 91 93 (R) diastereomers in good yield from the easily available 3,4-
7 2b CeHs rt 60 94 80 (R) dimethyl-1-phenylphosphole and chiral amino alcohols. The
8 3a CeHs re 120 81 69 (R) Pd-complexes ot —4 are efficient catalysts in the enantio-

9 4a CeHs re 20 94 56 (R) selectiver-allyl alkylation of 1,3-diphenyl-2-propenyl acetate
10 4b CsHs rt 8 98 18 (R)

with dimethyl tetrabutylammoniummalonate and the Heck
aThe ligands were stored as their phosphine sulfides and were convertedreaction between 2,3-dihydrofuran and cyclohex-1-en-1-yl

to the phosphine just before use. See Table 1 for sample precédure.  trifjyoromethane sulfonate. Further studies on the application
yields and the enantiomeric excesses were determined by GC (Chiraldex

y-CD-TFA; 30 m). The reactions were carried out with 3 mol %(EHa), of these ligands in asymmetric catalysis are in progress.
8.5 mol % ligand, 5 equiv of 2,3-dihydrofuran, and 3 equivi-6f.NEt.
¢In these cases Proton Sponge was used as base. Acknowledgmentis made to the donors of the Petroleum
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the Heck reaction, the larger the aromatic group the faster Society, for partial support of this research. We also grate-
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less than 20 h at room temperature. The Pd-complebaof and the Washington University Mass Spectrometry Resource
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It is interesting that in the case of the Heck reaction the assistance.
important chirality appears to be the chiral center next to
the oxazoline nitrogen, with all ligands giving predominantly
the R-enantiomer. While increasing the size of the sub-
stitutent on bicyclic phosphine portion of the molecule
increases the rate of the reaction it has a deleterious effectoL006323H
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