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Abstract

P-monodentate phosphit&) @nd phosphoramidite) ligands have been synthesised frag+BINOL. Complexation of the new ligands
with [Rh(CO)CI], and [Pd(allyl)CI}; has been found to give neutral and cationic complexes [Rh(CO)GIldnd [Pd(allyl)(Ly]"BF,;~,
correspondingly. Applicability of these ligands in asymmetrie-C, C—N, C'—S bond formation and alkene hydrogenation reactions has
been demonstrated. The phosphoramiigleowed higher enantioselectivity than its phosphite analbguad provided good enantioselectivity
in the Pd-catalysed allylic substitution of 1,3-diphenylallyl acetate with dimethyl malonate (up to 90% ee), paditiziuene sulfinate (up
to 75% ee), pyrrolidine (up to 65% ee) and sodium diformylamide (up to 68% ee), as well as in the Rh-catalysed hydrogenation of dimethyl
itaconate (up to 76% ee).
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction types A and B which differ significantly in their electronic
characteristics. Thus, in the Rh-catalysed hydrogenation of
Phosphite (type A) and phosphoramidite (type B) deriva- prochiral ethers of unsaturated carboxylic acids and enam-
tives of BINOL (Fig. 1) represent the most efficient group of ides ligands of both types A and B demonstrate good results
P-monodentate ligands for asymmetric metal complex catal- (>90% ee]7—13]. Phosphoramidites of type B provide higher
ysis. enantioselectivity in the Ir-catalysed allylic alkylation of di-
They showed excellent results in enantioselective Rh- enyl ester$14], Ru-catalysed hydrogenation of ketoiigs]
catalysed hydrogenation, Cu-catalysed addition of organoz-and Rh-catalysed cyclisation of aromatic imifigg]. On the
inc reagents, Ir-catalysed allylic substitution, Pd-catalysed contrary, A-type aryl phosphites (R =Ar) perform better in
hydrosilylation-oxidation1—6]. BINOL-based compounds the Ir-catalysed allylic alkylation of esters of cinnamyl al-
may have either exclusively axial chirality or contain addi- cohol with dimethyl malonat§l7,18] Therefore, testing of
tional C -stereocentres. The latter group has been well devel- both types of ligands is recommended for the optimisation of
oped during the last years, but axially chiral ligands are easy any new catalytic process.
to prepare and use commercially available chiral BINOL as  Surprisingly, in the literature there are no examples of us-
the only optically active precursor. Besides, due to the lack of ing simple P-monodentate phosphite and phosphoramidite
additional C-stereocentres, inside this group can be made aderivatives of BINOL in the Pd-catalysed asymmetric allyla-
more correct comparison of catalytic efficiency of structural tion. The only exception is our artic]&9], where we reported
moderate optical yields. Starting the present research we
* Corresponding author. Tel.: +7 809 513 52548; fax: +7 809 513 5254, @imed atthe increasing of enantioselectivities and broadening
E-mail addresslssp452@mail.ru (S.E. Lyubimov). the range of applied nucleophiles. Additionally, we made a
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Fig. 1. Phosphite and phosphoramidite derivatives of BINOL.

comparison of ligands of types A and B, which have very
different electronic properties (e.gr-acceptor ability), in

the Pd-catalysed asymmetric allylation of 1,3-diphenylallyl
acetate, as well as in the Rh-catalysed hydrogenation of
dimethyl itaconate and hydrosilylation of acetophenone.

2. Experimental

2.1. General methods

IR spectrawere recorded on a Specord M80 or Nicolet 750
instruments31P and3C NMR spectra were recorded on a
Bruker AMX-400 instrument at 162.0 and 100.6 MHz, re-
spectively. Chemical shifts (ppm) are given relative toSlie
(33C NMR) and 85% HPO; (3P NMR). 1°F NMR spec-
tra were recorded on a Bruker WP-200-SY spectrometer at
188.3 MHz, using CECOOH as an external reference. Com-
plete assignment of all the resonance$3@ NMR spectra
was achieved by the use of DEPT techniques. Electron im-
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known procedur§6]. Sodium diformylamide was prepared
as published27]. Starting substrat& was synthesized as
published[28]. (9-BINOL, dimethyl malonate, BSAN,O-
bis(trimethylsilyl) acetamide), sodiurpara-toluene sulfi-
nate, diphenylsilane and starting substrdt2snd 14 were
commercially available.

Rhodium{) complexes3, 4 were synthesized for th&P
NMR and IR experiments in chloroform analogously to the
known proceduref 9]. The syntheses of palladiufb{ com-
plexesb, 6 were performed by techniques similar to that re-
ported[19,25].

Catalytic experiments: allylic alkylation of substrafe
with dimethyl malonate and allylic sulfonylation with sodium
para-toluene sulfinate were performed according to appro-
priate procedure§l9]; hydrogenation of substrate2 and
hydrosilylation of substrat&4 were carried out according to
published procedurd®5,29]

2.2. Synthesis

2.2.1. Synthesis of ligandsand2. General procedure

A solution of EgN (0.2ml, 1.4mmol) and the rele-
vant alcohol or amine (1.4 mmol) in toluene (7 ml) was
added dropwise at @ during 15min to a vigorously
stirred solution of $,)-2-chloro-dinaphtho[2,1-d:2'-f]
[1-3] dioxaphosphepine (0.5g, 1.4 mmol) in toluene (7 ml).
The mixture was heated up on stirring to be boiled and then
cooled down to 20C. Solid EgN x HCI was filtered off.

pact (El) mass spectra were recorded on a Varian MAT 311 Hexane (15 ml) was added to the filtrate. The resulting mix-
instrument with direct injection of a sample. Electrospray ture was filtered and the solvent evaporated at reduced pres-
ionization (ESI) mass spectra were measured on a Finnigansure (40 Torr). The product was kept in vacuo (1 Torr) for 2 h.
LCQ Advantage mass spectrometer. Elemental analyses were

performed at the Laboratory of Microanalysis (Institute of
Organoelement Compounds, Moscow).

Conversion of substraté and optical yields of product
8 were determined using HPLC (Daicel Chiralcel OD-H
column) according to the literatuf@0]. Optical yields of
product9 were determined using HPLCRR)-WHELK-01
column) according to the literatuf@1]. Optical yields of
compoundl0 were determined by HPLC (Daicel Chiralcel
OD-H column) as described previougB2]. Optical yields
of productl11 were determined using HPLC (Chiralcel OD
column) according to the literaturg23]. Conversion of
substratd 2and optical yields of produdt3were determined
via capillary GC (column GT-A, 30 0.25mm GT-A,
trifluoroacetyl y-cyclodextrin) according to the literature
[24]. Conversion of substrafietand optical yields of product
15 were determined by GC (Chiraldex B-DM column) as
described previouslf25].

All reactions were carried out under a dry argon atmo-
sphere in freshly dried and distilled solvents; ¥t PLNH
and pyrrolidine were twice distilled over KOH and then
over a small amount of LiAlg before use. 1,1,1,3,3,3-
Hexafluoropropan-2-ol was distilled over d&0,. Phos-
phorylating reagent Six)-2-chloro-dinaphtho[2,1-d:2'-f]
[1-3] dioxaphosphepine was synthesized according to the

2.2.1.1. (%x)-2-(Hexafluoroisopropyloxy)-dinaphtho [2,1-
d:1',2-f] [1-3] dioxaphosphepin€lf. White solid, 0.655¢
(97% yield); mp, 54-55C; 31P NMR (CDCB); 8p: 148.6.
13C NMR (CDCh): 8c, (dcp, Hz): 147.3-120.2 Qa),
122.4 (q,YJc =277, CR), 70.5 (qt,2)=3.6,2Jc r=33.2,
CH). 1°F NMR (CDCk), 8¢: 4.7 (dq), 4.5 (dq){Urr=7.4,
4Jep=3.4Hz). MS (El),m/z (I, %): 482 (100, M]+), 268
(58); 239 (39). Anal. Calc. for &H13Fs03P (%): C 57.28,
H2.72, P 6.42. Found: C 57.11, H 2.49, P 6.38.

2.2.1.2. (9x)-2-(dipropylamino)-dinaphtho [2,1-d!P'-f]
[1-3] dioxaphosphepine2). White solid, 0.558g (96%
yield); mp, 47-48C; 3P NMR (CDCE); 8p: 149.7.13C
NMR (CDCh): éc, (Jc,p, Hz): 150.0-121.8Qa,), 45.8 (d,
2J=19.5Hz, NCH), 21.3 (Ch), 11.0 (CH). MS (El), 'z

(1, %): 415 (56, M]+), 386 (60); 315 (100). Anal. Calc. for
CosH26NO2P (%): C 75.16, H 6.31, P 7.46. Found: C 75.44,
H6.49, P 7.37.

2.3. Cationic palladium complexes
2.3.1. [Pd(allyh@),]* BF4~ (5)

White solid, 87% yield; mp, 73C; 3P NMR (CDCB);
8p: AX system:sp 144.3,d andsp 138.6, d2Jp g 110.6 Hz,
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Scheme 1.

79%; AX systemép 145.8, d andp 134.4, d,ZJp,p’ 120.8Hz,
21%.

9F NMR (CDCb), 8¢: 4.0 (dq), 3.7 (dg) WUrr=7.5,
4Jep=3.3Hz, CR); —74.7 (br.s)—74.8 (br.s) (BE ). MS
(ESI),m/z(l, %): 1112 (100, — BF4]+), 483 (12); 87 (100,
[BF4]7).

2.3.2. [Pd(ally)@)2]* BF4~ (6)

White solid, 92% yield; mp, 81C; 3P NMR (CDCB);
8p: AB system:sp 143.7, d andp 142.2, d2Jp 8 102.1 Hz,
75%; AX systemsp 147.0, d andp 142.8, d2JppF 115.4 Hz,
25%

MS (ESI),mz (I, %): 978 (100, M — BF4]+), 417 (7); 87
(100, [BR4] 7).

2.4. Catalytic experiments

2.4.1. Pd-catalysed allylic amination of
1,3-diphenylallyl acetate with pyrrolidine

A solution of [Pd(allyl)CIp (3.7x 103 g, 1x 10~° mol)
and appropriate ligand (2107° to 4x 10-°>mol) in 5ml
of appropriate solvent was stirred for 40 min (alterna-
tively, the pre-synthesized compléxor 6 (2 x 10~°>mol)
was dissolved in appropriate solvent (5ml)). Then 1,3-
diphenylallyl acetate (0.1 ml, & 10~ mol) was added and
solution stirred for 15 min, then freshly distilled pyrrolidine
(0.12ml, 1.5x 10~3 mol) was added and the reaction mix-
ture stirred for 48 h. After that, a resulting solution was fil-
tered throughCelite The solvent was removed in vacuum
(40 Torr), and the residue dried in vacuum (10 Torr, 12h)
to obtain (E)-1,3-diphenylallyl)pyrrolidine 10) as a cream
crystalline solid. All spectroscopic data of compouttthre
in good agreement with published d§22].

2.4.2. Pd-catalysed allylic amination of
1,3-diphenylallyl acetate with NaN(CH®)

A solution of [Pd(allyl)Clp (3.7x 10~23g, 1 x 10~°mol)
and appropriate ligand (2107° to 4 x 10-°mol) in 5ml
of appropriate solvent was stirred for 40 min. Then 1,3-
diphenylallyl acetate (0.1ml, %10 *mol) was added
and solution stirred for 15min, then freshly distilled
EtzN (0.06 ml, 4x 10~*mol) and NaN(CHOy) (0.234g,
2.46x 10~3 mol) were added and the reaction mixture stirred
for 72 h. After that, a resulting solution was filtered, the sol-

vent was removed in vacuum (40 Torr), and the residue was
chromatographed on Syn hexane/ethyl acetate (4/1) to ob-
tain N-formyl-N-((E)-1,3-diphenylallyl)yformamidel(l) as a
colourless oil. All spectroscopic data of compouridare in
good agreement with published d§23].

3. Results and discussion

3.1. Synthesis of the BINOL-derived monodentate
ligands and their complexation with Rh(l) and Pd(ll)

Compoundsl and2 were obtained according to the fol-
lowing scheme$%cheme L

They represent crystalline compounds, stable on pro-
longed storage. To estimate the electronic propertie$ of
and 2, their chlorocarbonyl complexes of rhodiur) (vere
synthesisedgcheme 2 Significantly largef-Jp g coupling
constant and(CO) frequency for the comple3 (Table J)
prove higherr-acidity of phosphité in comparison to phos-
phoramidite2 [25,30,31]

Cationic Pd(Il) complexes were obtained for the use in
Pd-catalysed allylatiorScheme R

+2L oCc.. _Cl_ _L
[Rh(CO),Cl], 300 L/Rh‘Cl’Rh\CO
L=1,2 34
Scheme 2.
-|+
+2L, AgBF L -
1/2 [Pd(allyl)CI], — "+ (—pa” BFy
- AgCl >~
L=12 5.6
Scheme 3.
Table 1
Selected spectroscopic data for compouddad4 (in CHCIg)
Compound 31p NMR IR, 1(CO), cnrt
5p 1)(P,Rh) (Hz)
3 146.1 295.1 2043
4 1435 272.1 2008
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MCOQC COZMC +CH2(C02MC)2,

N
J BSA, cat* OAc  +NaN(CHO) 5, cat* 0~ N" o
Ph™ X"*"ph Ph/\)\Ph ph/\/l\ph

8 7 11
+ NaSO ,pTol, cat* + (CH,)4NH, cat*
RQ!
S0, N
Ph /\)*\Ph Ph” X" ph
9 10
Scheme 4.

ABandAX systems in thei?!P NMR spectra (see Exper- ~ Table 3 _ _ _ _
imental tail) indicate non-equivalence of two P-monodentate Enantioselective allylic sulfonylation of with NaSQpTol (THF, 20°C,

. . L . 8h)
ligands in the coordination sphere of the palladium atom and - — .
disclose the presence@to andendeisomers of complexes Catalyst Lipd]  Isolated yield (%) _ ee (%)
5and6 [19]. 1 [Pd(allyCll/r  1/1 - -
2 [Pd(allyhCl/a  2/1 - -
, . . 3 5 1/1 24 159
3.2. The novel BINOL-derived monodentate ligands in 4 [Pd@Iy)ClL/2  1/1 70 75R)
asymmetric catalysis 5 [Pd(allyhCli2  2/1 18 71R
6 6 11 67 729
BINOL-based ligand4, 2 and their pre-formed Pd com-
plexes5, 6 were tested in asymmetric Pd-catalysed allylic
substitution Scheme 4Tables 2% Phosphitel afforded Table 4
productsB, 9 and11 with low ee’s, and onIy fod 0 a moder- Enantioselective allylic amination @fwith pyrrolidine (20°C, 48 h)
ate enantioselectivity was observed (55% Eshle 4 entry Entry Catalyst L/Pd Solvent Isolated yield (%) ee (%)
1). On the contrary, phosphoramid&@rovided good chem- 1 [Pd(allyl)Cll/1  1/1 THE 60 55R)
ical and optical yields, especially in allylic sulfonylation (up 2 [Pd@@llyl)Cl/1 2/1  THF 52 39R)
to 75% eeTable 3 and in allylic alkylation (up to 90% ee, 3 5 vl THF 37 7R
Table 2. 4 [Pd@@llyhCl/2 1/1  THF 69 579
Notably, in the two last mentioned th ti 2 [Pd(iyhCl/2 211 THF “ 659
otably, _ processes the enantios-g 6 U1 THE 20 589
electivity is almostindependent on the/Bd ratio and nature 7 6 11 CH,Cl, 29 16

of solvent Tables 2 and B In allylic amination the applied
solvent plays an important rol@dbles 4 and b Better re-

sults of phosphoramidit2 (in comparison td) are likely to ) _ ) o
be caused by the higher electron-donating ability of the lig- _nterestingly, the depicted drig. 2phosphoramidite with
inferior to 2 cone angled=109) provides only 60% ee in

and. Of importance are also its higher steric demands, since” =" . X , i
the Tolman’s cone angle of phosphoramid¢140°, cal- allylic alkylation and 46% ee in allylic sulfonylatida9], but
culated by use of semi-empirical quantum mechanical AM1 nevertheless, these results are still better than those demon-
technique[32]) significantly exceeds the analogous parame- Stratéd by electron-accepting phospfitehich has almost

ter for1 (111°) the same Tolman’s cone angle.
' Ligands 1 and 2 were also tested in asymmetric
Table 2 hydrogenation of dimethyl itaconatd? (Scheme 5

Enantioselective allylic alkylation o7 with dimethyl malonate (BSA, + _ * .
NaOAc, 20°C, 48 h) [Rh(COD)]"BF4~/2L" as the catalyst; C4Cly, 1.1 bar H,

Entry Catalyst [/Pd Solvent Conversion (%) ee (%) Table 5

1 [Pd(allyCl/1  1/1 THF 7 329 Enantioselective allylic amination @fwith NaN(CHO) (EtsN, 20°C, 72 h)

2 [Pd(allyhCl/1  2/1 THF 6 339 < - o o
3 5 1”1 THE 8 13R) Entry Catalyst L/Pd Solvent Isolated yield (%) ee (%)
4 [Pd(allyhCl]/2  1/1 THF 68 86 R 1 [Pd(allyhClp/1  1/1 THF 36 139

5 [Pd(allyhCl]/2  2/1 THF 75 83R) 2 [Pd(allyhClp/1  1/1 CHCN 41 28R

6 6 1/1 THF 99 MR 3 [Pd(allyhCl/2  1/1 THF - -

7 6 1/1 CHCl, 98 9@ 4 [Pd(allyhClp/2  1/1 CHCN 44 68 R
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Fig. 2. Phosphoramidite with cone angle 109

0 0
o~ +H,, [Rh(COD),]BF, /2L < o7
O O\
0 0
12 13

Scheme 5.

20°C, 24 h). Phosphoramidit2 (48% conversion, 76% ee
(9) again showed better results than(26% conversion,
56% ee H)).

One can conclude that a pronouneedcceptor character
of phosphitel results in decreasing of its enantioselectivity
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4. Conclusions

Novel BINOL-based phosphite and phosphoramidit2
have been synthesised, characterised and successfully tested
in Pd-catalysed asymmetric allylic substitution and inthe Rh-
catalysed asymmetric hydrogenation of dimethyl itaconate.
It has been found that the more sterically hindered and better
electron-donating phosphoramidi®erepresents a superior
stereoselector.

Acknowledgements

The authors thank Dr. A.V. Korostylev (Leibniz-Institut
fur Organische Katalyse an der UniveasiRostock, Ger-
many) for his assistance in preparation of the manuscript. The
authors gratefully acknowledge receiving the chiral HPLC
columns RR) WHELK-01 from Regis Technologies (USA)
and Chiralcel OD-H from Daicel Chemical Industries, Ltd.
(Japan). This work was partially supported by the Russian
Foundation for Basic Research (Grant No. 03-03-32181) and

in the described catalytic processes. But further (regarding Grant of the President of RF for young scientists—doctors of

phosphoramidites) increasing of the electron-donor ability
can also lead to depression of enantioselectivity.

Thus,
(type C and D/Fig. 3) gave <30% ee in the Rh-catalysed
hydrogenation of dimethyl itaconal® [33]. In general, any
catalytic process with the participation of P-monodentate
axially-chiral phoshite ligands seems to require fine tuning
of steric and electronic parameters of the ligands.

Surprisingly, application of the BINOL-based compounds
1 and2 in Rh and Ir-catalysed hydrosilylation of acetophe-
nonel4 (Scheme 6toluene, 20C, 24 h) resulted in practi-
cally racemic product5(30-60% conversion, 1-4% ee), de-

spite the fact that rather broad range of catalytic systems was

tested: [Rh(COD)CH, L*/Rh =1-3; [M(COD»]*BF;~/2L"
(M=Rh, Ir). Therefore, BINOL-based bidentate ligands

binaphthyldiamine-based diazaphospholidines

sciences (No. MD-21.2003.03).

References

[1] J. Ansell, M. Wills, Chem. Soc. Rev. 31 (2002) 259.

[2] A. Alexakis, C. Benhaim, Eur. J. Org. Chem. (2002) 3221.

[3] O. Molt, T. Schrader, Synthesis (2002) 2633.

[4] M. McCarthy, P.J. Guiry, Tetrahedron 57 (2001) 3809.

[5] K.N. Gavrilov, O.G. Bondarev, A.l. Polosukhin, Russ. Chem. Rev.
73 (2004) 671.

[6] B.M. Trost, M.L. Crawley, Chem. Rev. 103 (2003) 2921.

[7] M.T. Reetz, G. Mehler, Angew. Chem. Int. Ed. 39 (2000) 3889.

[8] M.T. Reetz, G. Mehler, A. Meiswinkel, T. Sell, Tetrahedron Lett. 43
(2002) 7941.

[9] M.T. Reetz, G. Mehler, Tetrahedron Lett. 44 (2003) 4593.

seem to be essential to catalyse this reaction. Thus, previ{10] I. Gergely, C. Hegedus, H. Gulyas, A. Szollosy, A. Monsees, T.

ously described by us BINOL-derived P,N-bidentate oxa-
zolinophosphite gave up to 58% ee in the reacf#j.

Fig. 3. Binaphthyldiamine-based diazaphospholidines.

OH

o] .
+ H,S8iPh; cat + MeOH, H' =
[ j Me H-\1e

14 15

Scheme 6.

Riermeier, J. Bakos, Tetrahedron: Asymmetry 14 (2003) 1087.

[11] M. van den Berg, A.J. Minnaard, E.P. Schudde, J. van Esch, A.H.M.
de Vries, J.G. de Vries, B.L. Feringa, J. Am. Chem. Soc. 122 (2000)
11539.

[12] M. van den Berg, R.M. Haak, A.J. Minnaard, A.H.M. de Vries, J.G.
de Vries, B.L. Feringa, Adv. Synth. Catal. 344 (2002) 1003.

[13] X. Jia, R. Guo, X. Li, X. Yao, A.S.C. Chan, Tetrahedron Lett. 43
(2002) 5541.

[14] G. Lipowsky, G. Helmchen, Chem. Commun. (2004) 116.

[15] Y. Xu, N.W. Alcock, G.J. Clarkson, G. Docherty, G. Woodward, M.
Wills, Org. Lett. 6 (2004) 4105.

[16] R.K. Thalji, J.A. Ellman, R.G. Bergman, J. Am. Chem. Soc. 126
(2004) 7192.

[17] K. Fuji, N. Kinoshita, K. Tanaka, T. Kawabata, Chem. Commun.
(1999) 2289.

[18] B. Bartels, G. Helmchen, Chem. Commun. (1999) 741.

[19] V.N. Tsarev, S.E. Lyubimov, A.A. Shiryaev, S.V. Zheglov, O.G. Bon-
darev, V.A. Davankov, A.A. Kabro, S.K. Moiseev, V.N. Kalinin, K.N.
Gauvrilov, Eur. J. Org. Chem. (2004) 2214.

[20] H. Kodama, T. Taiji, T. Ohta, I. Furukawa, Tetrahedron: Asymmetry
11 (2000) 4009.



260

[21] K.N. Gavrilov, O.G. Bondarev, V.N. Tsarev, A.A. Shyriaev, S.E.
Lyubimov, A.S. Kucherenko, V.A. Davankov, Russ. Chem. Bull. 52
(2003) 122.

[22] D. Smyth, H. Tye, C. Eldred, N.W. Alcock, M. Wills, J. Chem. Soc.,
Perkin Trans. 1 (2001) 2840.

[23] Y. Wang, K. Ding, J. Org. Chem. 66 (2001) 3238.

[24] M.T. Reetz, A. Gosberg, Tetrahedron: Asymmetry 10 (1999) 2129.

[25] K.N. Gavrilov, O.G. Bondarev, R.V. Lebedev, A.l. Polosukhin,
A.A. Shyryaev, S.E. Lyubimov, P.V. Petrovskii, S.K. Moiseev,
V.N. Kalinin, N.S. lIkonnikov, V.A. Davankov, A.V. Korostylev, J.
Organomet. Chem. 655 (2002) 204.

[26] G. Francio, C.G. Arena, F. Faraone, C. Graiff, M. Lanfranchi, A.
Tiripicchio, Eur. J. Inorg. Chem. (1999) 1219.

K.N. Gavrilov et al. / Journal of Molecular Catalysis A: Chemical 231 (2005) 255-260

[27] J.C. Gramain, R. Remuson, Synthesis (1982) 264.

[28] P.R. Auburn, P.B. McKenzie, B. Bosnich, J. Am. Chem. Soc. 107
(1985) 2033.

[29] A. Korostylev, A. Monsees, C. Fischer, A. Borner, Tetrahedron:
Asymmetry 15 (2004) 1001.

[30] A. Marinetti, F. Labrue, B. Pons, S. Jus, L. Ricard, J.-P. Genet, Eur.
J. Inorg. Chem. (2003) 2583.

[31] S. Jeulin, S.D. de Paule, V. Ratovelomanana-Vidal, J.-P.
Genet, N. Champion, P. Dellis, Angew. Chem. 116 (2004)
324.

[32] A.l. Polosukhin, A.l. Kovalevskii, K.N. Gavrilov, Russ. J. Coord.
Chem. 25 (1999) 758.
[33] M.T. Reetz, H. Oka, R. Goddard, Synthesis (2003) 1809.



	Enantioselective Pd-catalysed allylation with BINOL-derived monodentate phosphite and phosphoramidite ligands
	Introduction
	Experimental
	General methods
	Synthesis
	Synthesis of ligands 1 and 2. General procedure
	(Sax)-2-(Hexafluoroisopropyloxy)-dinaphtho [2,1-d:1´,2´-f] [1-3] dioxaphosphepine (1)
	(Sax)-2-(dipropylamino)-dinaphtho [2,1-d:1´,2´-f] [1-3] dioxaphosphepine (2)


	Cationic palladium complexes
	[Pd(allyl)(1)2]+ BF4- (5)
	[Pd(allyl)(2)2]+ BF4- (6)

	Catalytic experiments
	Pd-catalysed allylic amination of 1,3-diphenylallyl acetate with pyrrolidine
	Pd-catalysed allylic amination of 1,3-diphenylallyl acetate with NaN(CHO)2


	Results and discussion
	Synthesis of the BINOL-derived monodentate ligands and their complexation with Rh(I) and Pd(II)
	The novel BINOL-derived monodentate ligands in asymmetric catalysis

	Conclusions
	Acknowledgements
	References


