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Abstract

We have developed a new class of electron-deficient aminophosphonite—phosphite ligands baB25pepiiedrine
and chlorophosphites. These ligands were tested in rhodium catalysed hydroformylation of styrene and led to reactions with
high regio and chemoselectivities into the branched aldehyde but nevertheless with low enantioselectivities. © 2000 Elsevier
Science B.V. All rights reserved.
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1. Introduction tigated mainly for their potential in platinum and
rhodium based hydroformylation reactions [20—26].
Numerous chiral diphosphines [1-3], diphos- It should be emphasised that the chiral aldehydes
phinites [4-9] and diphosphites [10-19] have been produced are attractive building blocks for organic
synthesised and used as stereodirecting auxiliariessynthesis, some of which provide an entry to a class
in enantioselective catalysis. For example, diphos- of anti-inflammatory drugs.
phites have been involved in various asymmetric We have already reported on the synthesis of
processes including hydrogenation [10-13], hydro- aminophosphine-phosphinites (AMPP) and amino-
cyanation [14-18] and hydrosilylation [19]. Recently, phosphine-carboxyphosphinites (AMPCP) and their
both the breakthrough accomplished by Takaya and use in rhodium and platinum based enantioselective
co-workers with the BINAPHOS and the ready ac- hydroformylations [27-29]. These ligands are ob-
cessibility to optically pure diols have popularised the tained from reaction of natural aminoalcohols and
synthesis and evaluation of many electron-deficient a-aminoacids, respectively with various chlorophos-
phosphine—phosphite and diphosphite ligands. The phines. In view of the specific properties expected
latter can bear stereogenic elements in the chiral for diphosphanes featuring enhanced electron defi-
backbone along with others in the P/O heterocyclic cient coordination sites, we thought to explore the
coordination sites. Such ligands have been inves- synthesis and evaluation in enantioselective hydro-
formylation of ligands obtained from aminoalcohols
_— and chlorophosphites. As the ephedrine based AMPPs
* Corresponding author. Fax:33-3-20-43-65-85. have shown to be the most efficient of the series
E-mail addressessuisse@ensc-lille.fr (I. Suisse), . .
agbossou@ensc-lille.fr (F. Agbossou). for the mentioned catalytic process [30], we devoted
1 Co-corresponding author. our efforts to the synthesis and use in hydroformy-
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lation of ligands derived from @,29)-ephedrine 2.2. General procedure for the synthesis of the

bearing various diols as terminal groups on the ligands

phosphorous atoms. The four diols chosen to syn-

thesise the heterocyclic end groups were the achiral 2.2.1. Synthesis of the chlorophosphit2sdnd 2d)

1,2-ethane-diol, catechol, 2;Biphenol and optically [11,31]

pure ¢)-(R,R-diethyltartrate. We report here on the 2c: A Schlenk tube was charged with 2f@phenol

synthesis and characterisation of the above-mentioned(3.64 g, 14 mmol), toluene (35ml), and a stir bar and

new ligands and on their use in the enantioselective the solution was cooled taG. Then, a mixture con-

hydroformylation of styrene. taining PC} (2.06 g, 15 mmol), toluene (15ml), and
EtsN (5ml) was added slowly via cannula and the
medium was allowed to come to ambient temperature.

2. Experimental After overnight stirring at ambient temperature, the
mixture was filtered through a sintered glass funnel.
2.1. General methods and chemicals The precipitate was washed with toluene (50 ml). The

solvent and the slight excess of B@ere evaporated

All the reactions were carried out under a dry from the combined filtrates under reduced pressure. A
N2 atmosphere. The ligands are air-sensitive and distillation under vacuum yielded the pure chlorophos-
are best stored in Schlenk tubes under &t low phite 2cin 90% yield.3P NMR (ppm): 181.5 (S).
temperature. 2-chloro-1,3,2-dioxaphospholarz), ( 2d was synthesised following the procedure and the
o-phenylenephosphorochloridite2lf), phosphorous  workup given for2c starting from {)-diethyltartrate
trichloride, (1IR,29)-ephedrinel), L-(+)-diethyltartrate  (93% yield). The chlorophosphite was used without
were of commercial quality and used as purchased distillation, as the purity was satisfactory for a direct
(Acros). 2,2-biphenol was dried by azeotropic distil- use in the next steg!P NMR (ppm): 172 (s).
lation with toluene. Styrene was purified by passage
through basic alumina and distilled prior to use. 2.2.2. General synthesis of liganda~&h—d
Rh4(CO)» was obtained from Strem and used as Inatypical experiment, a Schlenk tube was charged
received. Toluene, tetrahydrofuran and diethylether with (1R,2S)-ephedrine 1) (1.98g, 12mmol) and
were distilled from Na/benzophenone. Triethylamine THF (30ml). Then, a solution of the appropriate
was dried over potassium hydroxide and distilled chlorophosphite in a mixture of THF (20ml) and
in the presence of 2% phenyl isocyanate. The con- EtsN (6 ml) was added slowly via cannula. The reac-
version, chemoselectivity, and regioselectivity of the tion mixture was stirred vigorously at room temper-
hydroformylation reactions were determined by GC ature and monitored b§*P NMR. At the end of the
analysis on a CP Sil 5 CB column mounted on a reaction, the excess of chlorophosphite and eventual
Chrompack 9001 chromatograph that was equipped phosphorous impurities were removed by filtration
with a FID detector. The determination of the op- through basic alumina (1cm 3cm). The solvents
tical purity was performed on a 25m 0.32mm were evaporated under reduced pressure affording lig-
Chirasil-Dex column on the alcohols obtained after ands4a—d which were further dried under oil-pump

reduction of the aldehydes. vacuum. Ligandic could not be obtained pure enough
All NMR spectra were recorded at ambient probe for an evaluation in catalysis.
temperature in CDGlon a Briiker AM-300 spectro- 4a Yield = 85%. 3P {*H} NMR (ppm): 135 (s,

meter operating at 300, 75 and 121 MHz respectively P(O)), 143 (s, P(N))H NMR: § 1.22 (d,Jun = 7,
for 1H, 13C, and3!P. 1H(8) was referenced to resid- 3H, CHg), 2.4 (d,Jxp = 5, 3H, CH(N)), 3.8-4.2 (m,
ual CHCE at 7.24;13C (ppm) to CDC} at 77.0;3'P 9H, 4 CH, and CH(N)), 4.9 (ddJxn = 9.5, Jup =
(ppm) to external 85% §POy at 0.0ppm. All cou- 6, 1H, CH(O)), 7.25 (m, 5H, Haro)-3C{*H} NMR
pling constantJ) values are in Hz. For th#'P NMR (ppm): 15.1 (dJcp =7, CHg), 27 (s, CH(N)), 57.6
monitoring of the ligand syntheses, the spectra were (d, Jcp = 36, CH(N)), 64 (d,Jcp = 9, CHp), 64.6
recorded on crude samples taken from the reaction (d, Jcp = 9, CH), 78.6 (d,Jcp = 125, CH(O)),
mixtures (unlocked at constant field). 128-140 (Caro). Anal. Calcd. ForigH21NOsP,: C,
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48.70; H, 6.13; N, 4.06. Found: C, 49.05; H, 6.12;
N, 3.98.

4b: Yield = 21%. 3'P{*H} NMR (ppm): 128 (s,
P(0)), 148 (s, P(N))*H NMR: 5 1.1 (d,Jyp = 7, 3H,
CHg), 2.15 (d,Jup = 5, 3H, CHs(N)), 3.5 (m, 1H,
CH(N)), 4.7 (m, 1H, CH(O)), 6.7-7.2 (m, 13H, Haro).

4d: Yield = 60%. 3P {TH} NMR (ppm): 144 (s,
P(0)), 158 (s, P(N))'H NMR: § 1.15 (d,Jpn = 7,
3H, CHg), 1.27 (t,/ny = 12, 12H, CH(Et)), 2.23 (d,
Jup = 5, 3H, CHs(N)), 4.2 (m, 8H, CH(Et)), 4.4-4.5
(m, 4H, CH(CO)), 4.8 (dd,Jyn = 8.5, Jyp = 5.5,
1H, CH(0)).13C{H} NMR (ppm): 14 (d,Jcp = 7,
CH3(CH)), 16.3 (s, CH(EY)), 26 (s, CH(N)), 58 (dd,
Jcp = 38 and 7, CH(N)), 62 (s, CHE)), 75 (dd,
Jcp =21 and 8, CH(O)), 85 (d/cp = 20, CH(CO),
127-141 (Caro), 169 (s, CO).

2.2.3. Synthesis of ligand@asd—d

Ligands5a—d have been synthesised following the
above procedure starting fromRRS)-Ph-Ephos-NH
[32] (4.19 g, 12 mmol). An identical workup led to the
desired ligands.

5a Yield = 44%. 3'P{*H} NMR (ppm): 111 (s,
P(0)), 143 (s, P(N))'H NMR: § 1.35 (d,Jpn = 7,
3H, CHg), 2.3 (d, Jup = 5, 3H, CHs(N)), 3.7-4.2
(m, 5H, 2 CH and CH(N)), 4.72 (ddJpyn = 7.8,
Jup = 8.8, 1H, CH(0)), 7-7.6 (m, 15H, Haro).
3C{*H} NMR (ppm): 16.6 (d,/cp = 6, CHg)), 26.5
(s, CHs(N)), 57.4 (dd,Jcp = 37.5 and 7.5, CH(N)),
64.4 (d,Jcp = 8.5, CHp), 85.7 (d,Jcp = 11, CH(O)),
130-150 (Caro). Anal. Calcd. ForgH27NOsP,: C,
65.60; H, 6.19; N, 3.19. Found: C, 65.96; H, 6.15; N,
3.25.

5b: Yield = 68%. 3P{1H} NMR (ppm): 112 (s,
P(0)), 149 (s, P(N)XH NMR: 6 1.3 (d,/yH = 7, 3H,
CHs), 2.15 (d,Jup = 5, 3H, CHs(N)), 3.9 (m, 1H,
CH(N)), 4.7 (dd,Jyy = 8.5, Jup = 8, 1H, CH(O)),
7-7.6 (m, 15H, Haro)-*C{*H} NMR (ppm): 16.6 (d,
Jep =7, CHg), 26.5 (s, CH(N)), 57.4 (d,J cp = 36,
CH(N)), 85.7 (d,Jcp = 21, CH(O)), 130-150 (Caro).

5c Yield = 50%. 3'P{*H} NMR (ppm): 112 (s,
P(0)), 150 (s, P(N))'H NMR: § 1.46 (d,Jpyn = 7,
3H, CHg), 2.23 (d,Jup = 5, 3H, CH(N)), 4.0 (m,
1H, CH(N)), 4.8 (dd,Jun = 10, Jup = 10, 1H,
CH(0)), 7-7.6 (m, 19H, Haro}3C{*H} NMR (ppm):
16 (d,Jcp = 6, CHg), 26 (S, CH(N)), 56.9 (d,J cp =
35, CH(N)), 64.2 (s, Ch), 85 (s, CH(Q)), 132-145
(Caro).

5d: Yield = 75%. 3'P{*H} NMR (ppm): 111 (s,
P(0)), 156 (s, P(N))*H NMR: § 1.25 (t, Jyp = 12,
6H, 2 CHs(Et)), 1.34 (d,Jnp = 7, 3H, CHp), 2.35 (d,
JHH = 5, 3H, CH(N)), 3.9 (m, 1H, CH(N)), 4.2 (m,
4H, CH(Et)), 4.4 (m, 2H,CH(CO)), 4.8 (dd,Jpn =
9, Jup = 6, 1H, CH(O)), 7-7.5 (m, 23H, Haro).
13C{*H} NMR (ppm): 15.3 (d,Jcp = 7, CHg), 16.6
(s, CHz (CH)), 26.5 (s, CH(N)), 57.4 (d,Jcp = 36,
CH(N)), 64.4 (s, CH), 85.7 (d,Jcp = 18, CH(0)),
127-140 (Caro).

2.3. Synthesis of platinum complexes

The platinum complexes were obtained by mixing
one equivalent of the ligand and one equivalent of
Pt(COD)C} in dichloromethane at room temperature.
After 30 min stirring, the solvent was evaporated un-
der reduced pressure. The complexes were obtained
guantitatively as orange powders, which were further
dried under oil pump vacuum.

2.4. Hydroformylation of styrene

In a typical experiment, a Schlenk tube was charged
with a stir bar, the ligand (0.216 mmol), RICO)»
(26.9mg, 0.036 mmol), and toluene (10ml). After
15 min stirring at room temperature, the solution was
transferred via cannula to a 50 ml stainless steel dou-
ble walled autoclave equipped with stir bar. After a
N> purge, styrene (6 g, 57.6 mmol), diluted in toluene
(20ml) (substrate= 2.16 mol/l), was also added via
cannula. The autoclave was pressurised to 12 bar of
syn-gas (H/CO 1/1) and then heated to the desired
temperature. The pressure was kept constant through-
out the whole reaction by using a gas reservoir along
with a pressure regulator. The evolution of the cat-
alytic reactions was monitored by GC analysis of
aliquots of the reaction mixture. At the end of the
reaction, the autoclave was cooled to room tempera-
ture, depressurised, and the reaction mixture analysed
by GC in order to determine the conversion and the
chemo-, regio-, and enantioselectivities.

2.5. Determination of the optical purity of the
aldehyde

The toluene was removed from the crude catalytic
mixture by rotatory evaporation. The crude mixture
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Scheme 1.

Table 1

was then dissolved in diethylether (20ml) and an 31p NMR chemical shifts of the ligandis

excess of LiAlH was added. After one hour stir- : :
ring at room temperature, the medium was cautiously Chemical shift (ppm)4a 5a 4b 5b 4d 5c 5d 6
quenched with aqueous HCI (1N) (10 ml). The aque- 5 p, 135 111 128 112 144 112 111 113
ous layer was extracted two times with diethylether s Py 143 143 148 149 158 150 156 65
(10ml). The combined organic phases were washed ™ acpcy, 121 MHz.

with water (2x 20 ml), dried over MgS@ concen-

trated by rotatory evaporation, and analysed by GC.

The 3P NMR properties of the ligands present
interesting patterns (Table 1). Indeed, when compar-
ing the chemical shifts of the fully arylated parent
ligand Ph,Ph-Epho§ (Scheme 2) with those of lig-
ands bearing diol ends, an inversion of the order
of the signals generally observed for AMPP lig-
ands is strongly suggested. As a matter of fact, for
AMPPs, the PO signals are generally downfield from
those of the PN one. As such, ligaridis exhibit-
qng P(O) and P(N) signals at respectively 113 and
'65 ppm whereas derivativea is providing signals at
111 and 143 ppm. Accordingly, the chemical shift at
143 ppm was attributed to the PN resonance. Note

3. Results and discussion
3.1. Synthesis and characterisation of the ligands

With the aim to prepare new electron deficient lig-
ands for hydroformylation of styrene, we proposed
to synthesise ephedrine based diphosphanes havin
alkoxy moieties at the phosphorous atoms (Scheme 1)
Two chlorophosphites2@ and 2b), precursors of the
ligands, were commercially available and the two oth-
ers @cand2d) were synthesised according to a slight
modification of reported procedures [11,31]. Then, the
reaction between ephedrine and the chlorophosphites ph,, O~ pph, o o
as well as the workup were carried out following the ( _PPh, ©: Ve, C[ P
classical route used for the synthesis of AMPP diphos- "¢ Y ° O GH-CH
phanes. The new ligandéd—d and5a—d, Scheme 1) Ho HyC
were isolated in moderate to good yields (21-85%) 8 7 8
and characterised as outlined in the Experimental. Scheme 2.
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o 7 Table 2
e . - .
Phy,, o—P\o) CHCh Pv,, O-—‘P< o Asymmetric hydroformylation of styrene catalysed by rhodium
Pt{COD)C} + on ————> P complexed
*SN—RC temp. / ~a
HC H(’:fl F’\o) roomIEMe: e R Run Ligand Temp. Conv. binP Ethyl- e.e. (%Y
4 HC Q_J CC) (%P benzene
Seh 3 1 6 40 15 8 0 30
cheme o. 2 b5a 40 66 11 3 5
3 4a 80 100 9 o0 8
. . - 4  5b 40 71 14 - 5
that .aII signals of. the PN-diol moieties appea}red 5 b 80 45 15 _ 5
consistently downfield from those of the PO-diols ¢ s5¢ 40 86 9 - 15
residues (see Table 1). As a check on the preced-7  5&d 40 88 9 - 20
ing NMR assignments, theH-31P COSY have been 8  4d 80 94 4 - 8

recorded and their analysis confirmed unambiguously  aReactions were carried out in a 50 ml stainless steel autoclave

the observed reversal. Moreover, a similar effect was in toluene (20ml) [Rhl= 5.41 x 1_cr3 mol/l; P(Hz/CO : /1) =

strongly suggested by comparing the chemical shifts t12 b:é?hpfecata'y* Rhy(CO)2; Ligand/Rh= 1.5; S/Rh= 400;

of 2-(dimethylamino)-1,3,2-benzodioxaphosphadle b Conversion and b/n (branched aldehyde/linear aldehyde) de-

(8_PN = 1467 ppm) and 2-isopropoxy-1,3,2-benzo- o/mined by GC analysis.

dioxa-phosphole8 (6Po = 139ppm) (Scheme 2) ¢ Determined by GC analysis (Chirasil DEX) on the corres-

[33,34]. ponding alcohol obtained by reduction of the aldehyde with
If 4 turned out to be a mixture of the routinely LiAIH 4. All runs provided branched aldehyde wRtonfiguration.

observed intermediates PO-NH/HO-NP, thd-13C

COSY study would exhibit a NMR trend identical

to that reported above. Thus, in order to unequivo- The results are summarised in Table 2. Generally, high
cally probe the disubstituted nature 4f we have  chemoselectivities and good to high regioselectivities
prepared the platinum complex [PiC4a)] through  were achieved in favour of the branched aldehyde.
reaction of Pt(COD)Gl with 4 in an equimolar  Ethylbenzene is almost never formed as usually ob-
amount (Scheme 3). Th&P NMR spectra recorded  gerved using rhodium catalysts [29].

on the resulting crude reaction mixture was perfectly  |n the case of the earlier reportedR(2S)-Ph,Ph-
neat without any by-product nor free ligand and the Ephos 6 [27] with two phenyl entities on each
classical signal pattern of platinum complexes bear- phosphorous atom, only 15% conversion has been
ing a chelated diphosphine was observed. Indeed for reached in 48h with an e.e. value of 30% (run 1).
[PtClx(43)], P(O) and P(N) signals were respectively \When the aminophosphine group was replaced by
at 78 and 100 ppm and constituted by two doublets an aminophosphonite moiety with an achiral diol at
due to the coupling between the two phosphorous the P centre as in ligandma—g the activity increased

atoms (pp = 19Hz) accompanied by thé%pt significantly since conversions up to 86% could be
satellites {prn) = 5650 Hz,Jptro) = 5454 Hz). achieved when applying identical experimental con-

ditions (runs 2, 4, and 6). The selectivities into the
3.2. Catalysis branched aldehyde ranged from 90 to 93.5%. Never-

theless, a decrease in enantioselectivity was observed
These new ligands were next examined in the enan- (5—15%). When ligandd having the chiral diethyl-
tioselective hydroformylation of styrene (Scheme 4). tartrate at the aminophosphorous centre was used, the

CHO
—_— + +
H, / CO

branched (b) linear(n)

Scheme 4.
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reaction provided the branched aldehyde in 80% yield [7] T.V. RajanBabu, T.A. Ayers, G.A. Halliday, K.K. You, J.C.
and 20% e.e. (run 7). Hence, the acidity increase at Calabrese, J. Org. Chem. 62 (1997) 6012.

: : [8] R. Selke, M. Schwarze, H. Baudisch, I. Grassert, M. Michalik,
one end of the ligand led to a faster hydroformylation. G. Oehme, N. Stoll. B. Costisella, J. Mol. Catal, 84 (1993)

The ligands of typel with diols at both phosphorous 293,

ends were less efficient in terms of activity, regio, [9] E. Hauptman, R. Shapiro, W. Marshall, Organometallics 17
and enantioselectivity (runs 3, 5, and 8). Moreover, (1998) 4976.

no reaction occurred at all at 40. This might indi- [10] H. Brunner, W. Pieronczyk, J. Chem. Res. Synop. (1980) 76.

. . [11] D.J. Wink, T.J. Kwow, A. Yee, Inorg. Chem. 29 (1990) 5006.
cate that a steric and electronic asymmetry between [12] N. Sakai, K. Nozaki, K. Mashima, H. Takaya, Tetrahedron:

the two ends is required for efficient ephedrine based =~ Asymmetry 3 (1992) 583.
ligands. It was not possible to evaluate an eventual [13] M.T. Reetz, T. Neugebauer, Angew. Chem. Int. Ed. Engl. 38
cooperative effect between the chirality of the start- (1999) 179.

ing amino alcohol and that of the diol end groups ¥ (“gél?ikz%r‘z P.G. Pringles, J. Chem. Soc., Chem. Comm.
because of th_e inaccessibility to all diastereomers of [15] M.J. Baker, K.N. Harrison, A.G. Orpen, P.G. Pringle, G.
the reported ligands. Shaw, J. Chem. Soc., Chem. Comm. (1991) 803.
.V. Rajanbabu, A.L. Casalnuovo, J. Am. em. SO0cC.
16] T.V. RajanBabu, A.L. Casal J. Am. Chem. Soc. 114
. (1992) 6265.
4. Conclusion [17] T.V. RajanBabu, A.L. Casalnuovo, Pure Appl. Chem. 66
_ o _ _ (1994) 1535.
In summary, ligands containing various diols as [18] T.V. Rajanbabu, A.L. Casalnuovo, T.A. Ayers, T.H. Waren,
part of the heterocyclic phosphorous coordination J. Am. Chem. Soc. 116 (1994) 9869. _
sites can be SyntheSised in gOOd yleIdS These |igandS[19] J.l. Sakaki, W.B. Schweizer, D. Seebach, Helv. Chim. Acta

. . X o . 76 (1993) 2654.
induce high chemo and regioselectivities when in- [20] Y. Jiang, S. Xue, Z. Li, J. Deng, A.S.C. Chan, Tetrahedron:

volved in rhodium based hydroformylation of styrene. Asymmetry 9 (1998) 3185.
Unfortunately, they are poor chiral modifiers for an [21] S. Cserépi-Sziics, 1. Toth, L. Parkanyi, J. Bakos, Tetrahedron:
enantioselective process since a maximum of 20% __ Asymmetry 9 (1998) 3135.

. . _[22] S. Cserépi-Sziics, G. Huttner, L. Zsolnai, J. Bakos, J.
e.e. into hydratropaldehyde could be obtained. Re Organomet. Chem. 586 (1999) 70.

search is Unc_ier way _tO apply these ligands in other (23] g.J.H. Buisman, L.A. Van der Veen, A. Klootwijk, W.G.J.
enantioselective reactions. De Lange, P.C.J. Kamer, P.W.N.M. Van Leeuwen, D. Vogt,
Organometallics 16 (1997) 2929.
[24] G.J.H. Buisman, M.E. Martin, E.J. Vos, A. Klootwijk, P.C.J.
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