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First chiral [2.2]paracyclophane-derived phosphite ligands:
synthesis and application in asymmetric reactions
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First representatives of chiral phosphite ligands derived from 4,5-dihydroxy[2.2]paracyclophane
have been synthesized. A possibility of the use of these compounds in the reactions of asymmetric
Pd- and Ir-catalyzed allylic amination of 1,3-diphenylprop-2-enyl acetate with pyrrolidine and
Rh-catalyzed hydrogenation of dimethyl itaconate has been demonstrated.
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[2.2]Paracyclophane-derived P,P-bidentate ligands are
attractive for the use in asymmetric catalysis, which pro-
vide high values of enantiomeric excess and conversion in
the reactions of the Rh-catalyzed hydrogenation and
hydroboration of cyclopropenes, as well as in the Pd-
catalyzed allylic amination.!? In these cases, ligands of
such a type are represented only by phosphines and
phosphinites, such as bis(diphenylphosphino)[2.2]para-
cyclophane (1) and its phosphinite analogs 2 (see Refs 3,
4). In addition, it is known that ligands of the phosphite
type are also capable of being efficient chiral inductors in
various asymmetric reactions and on the whole are more
synthetically available as compared with their phosphine
and phosphinite analogs.>® In this way, the synthesis of
phosphite ligands derived from [2.2]paracyclophane, as
well as the testing their applicability in asymmetric cataly-
sis seemed reasonable.
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In the present work, we synthesized phosphite ligands
on the basis of 4,5-dihydroxy|[2.2]paracyclophane (3) and
tested them in the asymmetric Pd- and Ir-catalyzed allylic
amination of 1,3-diphenylprop-2-enyl acetate with pyrro-
lidine and in the Rh-catalyzed hydrogenation of dimethyl
itaconate.

Results and Discussion

Ligand 5 was obtained by the one-step phosphoryla-
tion of achiral 4,5-dihydroxy[2.2]paracyclophane (3) with
the axially chiral phosphorylating reagent 4 (Scheme 1). It
is worth to note that the published synthesis of phosphine
(1) and phosphinite ligands 2 on the basis of
[2.2]paracyclophane includes three and more steps.34 We
proposed the synthesis of phosphite 7 in one technologi-
cal step, which does not require isolation of the interme-
diate phosphorylating reagent (see Scheme 1 and Experi-
mental). Ligands 5 and 7 are stable in air powders, which
can be stored for a long time in dry atmosphere.

Phosphites 5 and 7 were tested as the ligands in asym-
metric allylic amination of 1,3-diphenylprop-2-enyl
acetate (8) with pyrrolidine (Scheme 2). Compounds
[Pd(n3—C3H5)Cl]2 and Ir(COD)CI], (COD is cycloocta-
1,5-diene) were used as the source of transition metals,
which showed high regio- and enantioselectivity in the
amination of unsymmetric allylic systems.”:8 It should be
noted that the use of this source of iridium in the asym-
metric allylation of symmetric allylic substrates such as 8,
was the only literature precedent.’

In the palladium-catalyzed amination of compound 8
(Table 1, entries /—4) with participation of ligands 5 and
7, we succeeded in rising the conversion to the quantitati-
ve values when THF was used as the solvent, however,
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enantioselectivity did not exceed 30%. In case of the iri-
dium-based catalysts (see Table 1, entries 5—&) with the
same ligands, the high values of enantiomeric excess (up to
90% ee) were achieved in dichloromethane, while the con-
version was lower. Unfortunately, such iridium catalysts are
virtually inactive in THF (Table 1, entries 6and &).

Table 1. Data on the Pd- and Ir-catalyzed asymmetric allylic
amination of 1,3-diphenylprop-2-enyl acetate

Entry Catalyst Sol- Conver- ee (%)
vent sion (%)
1 [Pd(n3-C3Hs)Cl],/5  CH,Cl, 70 20(S)
2 [Pdm3-C3Hs)Cl],/5  THF 100 30(9)
3 [Pd(n3-C3H5)Cl],/7  CH,Cl, 52 12(5)
4 [Pd(n3-C3H5)Cl],/7 THF 100 5(8)
5 [Ir(COD)Cl],/5 CH,Cl, 20 90 (S)
6 [Ir(COD)Cl],/5 THF 10 5(8)
7 [I{(COD)Cl],/7 CH,Cl, 24 81(5)
8§ [I(COD)Cl|,/7 THF 6 3(S)
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Ligands 5 and 7 were also tested in the Rh-catalyzed
asymmetric hydrogenation of dimethyl itaconate 10
(Scheme 3, Table 2).
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H,, [Rh(COD),|BF,/L, CH,Cl,, 24 h.

It was found that the enantioselectivity of this process
strongly depends on the hydrogen pressure. An increase
in pressure facilitates an increase in conversion of di-
methyl itaconate, however, the ee value of the reaction
product decreases. In this reaction, like in case of allylic
amination, the values of enantioselectivity and conversion,
obtained when ligand 5 (having two axially chiral substitu-
ents) was used, were higher than when phosphite 7 was
used.

In conclusion, we have synthesized the first represen-
tatives of chiral phosphite ligands on the basis of para-
cyclophane. Their testing in allylic amination of
1,3-diphenylprop-2-enyl acetate showed that they are able

Table 2. Data on the Rh-catalyzed hydrogenation of dimethyl
itaconate

Entry Catalyst Pressure of H, Conver-  ee (%)
/atm sion (%)

1 [Rh(COD),|BF,/5 5 50 47 (R)

2 [Rh(COD),]|BF,/5 20 87 29 (R)

3 [Rh(COD),|BF,/7 5 35 38 (R)

4 [Rh(COD),|BF,/7 20 62 20(R)
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to provide the high values of enantiomeric excess (up to
90% ee) with moderate conversion in case of the iridium
complex, whereas a traditional palladium catalysis with
the use of these ligands facilitates the high values of
conversion but with low enantioselectivity. In addition,
we found that, in comparison with phosphite 7, having
only one chiral center in the molecule, ligand 5, possess-
ing two elements of chirality, leads to the higher values of
conversion and enantiomeric excess of the product in
both reactions studied.

Experimental

3Ip, I'H, and '3C NMR spectra were recorded on a Bruker AV-
400 spectrometer (161.98, 400.13, and 100.61 MHz) relatively to
85% H3PO 4 in D20 and Me 4Si, respectively. Elemental analysis
was performed in the Organic Microanalysis Laboratory of the
A. N. Nesmeyanov Institute of Organoelement Compounds,
Russian Academy of Sciences. Hydrogenation of dimethyl itaco-
nate (10) was carried out on a Parr 4843 machine equipped with
25-mL autoclave. Optical rotation was determined on a Perkin—
Elmer-141 polarimeter. Enantiomeric excess of product 9 and
conversion of 8 were determined according to the known
procedure. 10 Conversion of dimethyl itaconate was determined with
the help of 'TH NMR spectroscopy, enantiomeric excess of product
11 was determined by HPLC according to available procedure. !
Dihydroxy[2.2]paracyclophane (3)12 and (R)-2-chlorodinaph-
tho[2,1:d:1",2"-][1,3,2]dioxaphosphepane (4)13 were synthesized
according to the described procedures. All the reactions were carried
out in the atmosphere of dry argon and in anhydrous solvents.
Commercially available (R)-BINOL (6) and dimethyl itaconate
(10) (Aldrich) were used without additional purification.

4,5-Bis{(R)-dinaphtho[2,1-d:17,2"-f][1,3,2]dioxaphos-
phepan-2-yloxy}[2.2]paracyclophane (5). A solution of dihydro-
xy[2.2]paracyclophane (0.2 g, 0.831 mmol) in benzene (5 mL) was
added dropwise to a solution of phosphorylating reagent (4)
(0.476 g, 1.662 mmol) and triethylamine (0.224 mL, 1.662 mmol)
in the same solvent (10 mL). The mixture obtained was heated to
the boiling point, cooled to room temperature, and HNEt3Cl was
removed by filtration. The filtrate was concentrated in vacuo. The
product was purified by column chromatography on silica gel,
eluent: hexane/CH,Cl,, 1:1. Tl}e5 yield was 0.56 g (78%), white
powder, m.p. 152—156 °C, [6],"~ —152° (¢ 0.8, CH,Cl,). Found
(%): C, 77.62; H, 4.18; P, 7.01. C4gH;P,0O,. Calculated (%):
C,77.41;H, 4.41; P,7.13. ' PNMR (CDCL,), 8:132.33(d, Jpp
7.1 Hz); 144.97 (d, JP,P =7.1 Hz). '"H NMR (CDCly), &: 2.39—
2.48 (m, 2 H); 2.73—2.86 (m, 4 H); 2.94—3.01 (m, 2 H); 6.10—
8.04 (m, 30 H). >*C NMR (CDCL,), &:28.93 (d, J- p = 2.9 Hz);
33.47(d, J; p=8.4 Hz); 117.63—147.50 (aryl). '

(R,R)-2,2’-Bis{[2.2]paracyclophano[d][1,3,2]dioxa-
phospholan-2-yloxy}-1,1"-binaphthyl (7). A mixture of di-
hydroxy[2.2]paracyclophane (0.384 g, 1.6 mmol) and triethylamine
(0.431 mL, 3.2 mmol) in benzene (6 mL) was added dropwise to a
solution of PCl; (0.14 mL, 1.6 mmol) in benzene (6 mL), the
mixture was heated to boiling, then cooled to ~20 °C. A solution of
(R)-BINOL (0.229 g, 0.8 mmol) (6) and triethylamine (0.216 mL,
1.6 mmol) in benzene (8 mL) was slowly added to the in situ obtained
phosphorylating reagent. The mixture was heated to boiling, cooled
to 24 °C, HNEt,Cl wasfiltered off, and the product was concentrated

in vacuo (40 Torr). The residue was purified by column
chromatography on silica gel, eluent: hexane—CH,Cl, (3:2). The
yield was 0.54 g (68%), white powder, m.p. 168—170 °C, [o] ,?
—128° (¢ 0.74, CH,Cl,). Found (%): C, 76.18; H, 4.79; P, 7.39.
C4,H,,OP,. Calculated (%): C, 75.90; H, 4.90; P, 7.53. 3IpNMR
(CDCLy), &: 131,73. '"H NMR (CDCly), 8:2.39—3.22 (m, 16 H);
6.07—8.03 (m, 24 H). 3CNMR (CDCl,), 6:28.97,33.53, 117.63—
147.52 (aryl).

Allylic amination of 1,3-diphenylprop-2-enyl acetate with
pyrrolidine. A solution of [Pd(n3—C3H5)Cl]2 (3.7 mg, 0.01 mmol)
or [Ir(COD)CI], (6.7 mg, 0.01 mmol) and the corresponding ligand
(0.02 mmol) in 2 mL of a solvent (THF or CH,Cl,) was stirred for
20 min. Then 1,3-diphenylprop-2-enyl acetate (0.1 mL, 0.5 mmol)
was added, the reaction mixture was stirred for additional 15 min,
pyrrolidine (0.12 mL, 1.5 mol) was added. The mixture obtained
was stirred for 48 h at 20 °C, then diluted with hexane (4 mL), and
filtered through a layer of silica gel. The solvent was evaporated in
vacuo (40 Torr). The residue was analyzed as pointed out above.

Asymmetric hydrogenation of dimethyl itaconate. Compound
[Rh(COD),|BF, (2.5 mg, 0.006 mmol) and ligand 5 or 7 (0.006
mmol) were dissolved in CH,Cl, (3 mL). Then dimethyl itaconate
(2) (0.1 g, 0.6 mmol) was added and the mixture was placed in
autoclave. The sealed autoclave was blown through with argon,
then, 2 times with hydrogen, and kept for 24 h under pressure of
hydrogen of 5 or 20 atm. The reaction mixture was diluted with
hexane (6 mL) and filtered through a short layer of silica gel. The
solvent was evaporated at reduced pressure (40 Torr), the residue
was dried in vacuo (6 Torr) and analyzed as pointed out above.
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