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Abstract: The syntheses of three triphenylphosphine analogues with one, two or three phenyl groups

replaced by 2-dibenzofuranyl groups, respectively, and one enantiopure analogue of the atropisomeri
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dxphosphme MeO-BIPHEP with all four phenyl groups replaoed by 2- dlbenzofuranyl are reported.
Suifonation of these compounds with suifuric acid at rt proceeded with complete regioselcctivity at the 8-
position in the dibenzofuran moieties. These results proved the usefulness of dibenzofuran as a structural
moiety in the synthesis of water-soluble phosphine ligands.

The dibenzoturan-based, water-soluble triphenylohosphine analogu
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catalysed aqueous phase Heck and Suzuki reactions and in the rhodium-catalysed two-phase hydroformylation

of propene. © 1999 Elsevier Science Ltd. All rights reserved.
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One of the most widely used strategies for obtaining water-soluble ligands is the direct sulfonation of
successful known aromatic ligands, An example is the sulfonation of tnphenylpuosp. ine to give TP

3

content) giving rise to nnxtures of several (regioisomeric) sulfonated compounds and/or omdlsed at phoqphomq
to-a considerable extent. Separation of these mixtures is laborious and often not feasible.™” In some cases the
selectivity of the sulfonation is improved when an orthoboric acid medium is applied'™'! or when the phosphine
contains directing, activating substituents.*'®'*!* Indirect methods for introducing sulfonate groups have also
been developed.'>"

The dibenzofuran skeleton has been studied extensively in heteroaromatic chemistry.’®?' An important
synthetic aspect of the dibenzofuran moiety is the directing effect of the furan oxygen on ring functionalisation.
This oxygen atom mainly activates the para positions towards electrophilic substitution. Thus, Friedel-Crafts
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contrast, treatment with nitric acid in a mixed acid system excluswely yields the meta nitrated product 0.2
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two-phase Heck reactions, Suzuk1 reactions and hydroformylanon reactions.
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RESULTS AND DISCUSSION

Synthesis of Dibenzofuran-Based Triphenylphosphine Analogues

The synthesis of dibenzofuran-based triphenylphosphine analogues was accomplished in a three step
procedure starting from dibenzofuran and using only inexpensive starting materials and reagents (Scheme 1).
According to a literature procedure® dibenzofuran was monobrominated with bromine in acetic acid to give 2-
bromodibenzofuran. Subsequently, the bromide was lithiated with n-BuLi in THF at -78 °C yielding a yeliow
slurry, which was reacted either with 1 equiv of CIPPh,, 0.5 equiv of CLLPPh or 0.33 equiv of PCl,. The
compounds 1-3 were obtained in excellent yield (96-98%) as white solids.

Scheme 1
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Sulfonation of 1-3 was accomplished by adding the solid phosphine to 95% sulfuric acid. The phosphine
slowly dissolved yielding a red, viscous solution and after 1-20 h at rt the reaction was complete. After addition of
water, neutralisation to pH 7.0-7.2, freeze-drying and extracting the residue with methanol, the ligands 4-6 were
obtained as pure off-white solids in high yield (ca. 85%). No oxides were formed and no further purification was
needed.

The solubilities of the sulfonated ligands 5 and 6 in water were determined to be very high (>1 kg/L for 6,
800 g/L for 5), comparable with the water-solubility of TPPTS (>1100 g/L.).” The water-solubility of 4 (80 g/L) is
the same as found for monosulfonated triphenylphosphine (80 g/L).” The ligands are aiso solubie in alcohols
such as methanol or ethanol.



Synthesis of a Dibenzofuranyl-Analogue of the Diphosphine MeO-BIPHEP

The atropisomeric diphosphine MeO-BIPHEP was described by scientists at Hoffmann-La Roche in
1991.%* The reported synthesis is straightforward and flexible and over 40 enantiopure derivatives, including a
water-soluble analogue, have been prepared.”” The ligand and its derivatives generally show high
enantioselectivities in asymmetric hydrogenations, isomerisations, Heck reactions and allylic alkylations.*%®
Based on the reported synthetic route we designed a synthesis for MeO-BIPHEP analogue 7 in which all four
phenyl groups are replaced by 2-dibenzofuranyl moieties. Sulfonation would then lead to the water-soluble
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Our synthesis of 8 started from racemic phosphonic ester 9, prepared in three steps from m-bromoanisole
as described in a patent of Hoffmann-La Roche.”® The first step was the introduction of four dibenzofuranyl
groups by reacting 9 with five equivalents of 2-bromomagnesiodibenzofuran in refluxing THF for 20 h (Scheme
2). The tetra-substituted diphosphine oxide 10 was isolated as a white solid in 70% yield. The elevated
temperature and Iong reaction time were required in this reaction to achieve complete conversion. Reaction of 2-
lithiodibenzofuran with 9 in THF at rt did not yield 10, but only starting material and dibenzofuran. Raising the
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The diphosphine oxide 10 was resolved (Scheme 3) by fractional crystallisation of the 1:1 complex of the
racemate with enannnpan 0,0-dibenzoyltartaric acid (DBT), similar as described for the synthesis of the well-
k wn atropisomeric diphosphine BINAP. ¥ Racemic 10 was dissolved in chloroform and a solution of (-)-DBT

tOAc was added. fter heating for ca. 1 min complex formation occurred and a white precipitate 11 was
formed and isolated. The solids 12 from the mother liquor were treated with base, complexed with (+)-DBT and
precipitated to furnish complex 13.

The diastereopurities of the complexes were checked with '"H NMR spectroscopy. The methoxy protons in
the (-)/(-)complex 11 and the (+)/(+) complex 13 resonate at 3.12 ppm. In the (+)/(-) complex 12 they resonate at
3.52 ppm. A virtually complete diastereopurity was found for 11 and 13, as was concluded from the absence of
the signal at 3.52 ppm. Treatment of the complexes 11 and 13 with base provided the pure enantiomers (-)-10 and
(+)-10 as white solids which showed optical rotations of virtuaily the same magnitude (Scheme 3).
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The diphosphine oxides (+)-10 and (-)-10 were reduced with trichlorosilane to give the diphosphines (-)-7
and (+)-7 (Scheme 4). Both reactions were performed in a sealed tube and were high yielding. The phosphines
were purified by recrystallisation from a CH,Cl,/ethanol mixture. Surprisingly, on going from 10 to 7 an
inversion of the sign of optical rotation in chloroform at the sodium D-line was observed. Thus, (-)-10 yielded
(+)-7, while (+ )-10 yielded (-)-7. However, at shorter wavelengths the optical rotations remained of the same sign.
1 sulfuric acid at rt. After oemg stirred for zu h and
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19 respectlvely The results of the application of the diphosphines 7 and 8 as ligands in
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Heck and Suzuki Reactions in Aqueous Media

In the past few years several variations of the Heck reaction in water or mixtures of water and organic
solvents were introduced. Beletskaya et al. were the first to publish in this field in 1988.%%*" We have studied a
number of Heck and Suzuki reactions in water, water/acetonitrile or water/methanol mixtures, using the ligands 4
and 6. The results are summarised in Table 1. The reactions were performed with 5 mol% Pd(OAc), and 15 mol%
ligand, at temperatures ranging from 40-95 °C, with Et,N or Na,CO, as base and at substrate concentrations of ca.
0.1 M. The addition of a ligand was essential for the progress of the reaction as otherwise no product was
obtained.
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The Heck and Suzuki reactions proceeded in moderate to good yields. The ligands 4 and 6 gave similar
results for the cyclisation of N-(2-iodobenzoyl)-1,2,3,6-tetrahydropyridine (entry 2). In most cases the addition of
acetonitrile or methanol as a cosolvent had a posmve effect on the yield of the reaction, probably due to the
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Two-Phase Rhodium-Catalysed Hydroformylation of Propene

Two-phase catalysis in the hydroformylation of propene is commercially applied in the Ruhrchemie/Rhone-
Poulenc oxo process. A (TPPTS),RhH(CO), species catalyses the reaction of propene with synthesis gas to
butanal (95%), 2-methylpropanal (4%) and propane (1%).’

The results of the rhodium-catalysed hydroformylation of propene using the ligands 4-6 are given in Table
2. The initial turnover frequencies for 4-6 are 30-93, while TPPTS gives a much faster reaction.” Assuming that

the basicity of ligands 4-6 is higher compared to that of TPPTS, due to the eiectron reieasing properties of the
furan oxygens, these observations are in line with the general observation that a higher basicity of a phosphorus

12 o nd e 3
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Furthermore, the observed lincar/branched ratios with 4-6 (entries 1-3) are much lower than the
r/hranched ratio found for TPPTS. The values for 4-6 are (‘nmnnmhlp to linear/br. gx___(_hc_l ratios obt
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hydroformylation of octene with triphenylphosphine in toluene (lmear/branched = 2.8).* Tt is known that the

bulkiness of the 1 igand is one of the factors determining selectivity and rate in the hydroformylation reaction.*

TPPTS bears the sulfonate groups at the meta-positions of the phenyl rings, which are surrounded by a shell of

ined in the



6662 A. E. Sollewijn Gelpke et al. / Tetrahedron 55 (1999) 6¢

s AICLDIK [£34

water molecules, resulting in-a cone angle of ca. 30° larger than that of triphenylphosphine on the basis of X-ray
information.™ The sulfonate groups in the ligands 4-6 are located further away from the phosphorus centre.
Therefore, the cone angles of these ligands are probably smaller than that of TPPTS, which might account for the

lower selectivity observed.

Table 1: Heck and Suzuki reactions in the presence of ligands 4 and 6."
entry substrate(s) temp. ("C) solvent (ratio) ligand product(s) yield (%)
/\A/I e . C e e e s e aa ax -3
(1) ' = 7~ 40 HpO/MeCN (1:1) 6 /\l \> 97
P 80 Ho0 6 uN 60
o 25  HpoO/MeCN (1:1) TPPTSP H 97
O 0O
R R 95  HpO/MeCN (1:1) 6 1 50
- SN~ | N 95 Ho0 6 N IA\ 50
NS nF 95 HoO/MeCN (1:1) 4 N 2 52
95 Ho0 4 50
X ¢
(3) HO—/—\\—I + 80 H-0 s HO 78\ 40
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O
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4 7 N\ + A 80 HoO/MeCN (1:1) 6 NM \__/ 71 (20:1)°
— 2 : — )"
“ Q\_f: : '!/ \| 50 H-0O/MeCN (1:1) 6 A O 24 ((5:1')23
" 50 H,OMeOH (1:1) 6 YR 44 (10:1)¢
27  HoO/MeCN (1:1) TPPTSP _ 98 (2:3)°
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a) The reactions were performed with Pd(OAc); (5 mol%) and ligand (15 mol%) with Et3N or NayCQj3 as the base.
b) See ref. 32. ¢) Product ratio A:B.

CONCLUSIONS

The syntheses of the new phosphines 1-3 and both enantiomers of MeO-BIPHEP derivative 7 were
accomplished. Sulfonations of these compounds with sulfuric acid occurred under mild conditions and with
complete para-selectivity furnishing the sulfonates 4-6 and both enantiomers of tetrasulfonate 8 in high yield.
These results prove the usefulness of dibenzofuran as a structural moiety for the synthesis of water-soluble
phosphine ligands via aromatic sulfonation.



The phosphines 4-6 can be used as water-soluble ligands in the aqueous palladium-catalysed Heck and
Suzuki reactions and in the rhodium-catalysed two-phase hydroformylation of propene. The ligands behave
similarly to TPPTS with respect to water-solubility, but give somewhat lower yields in a number of Heck and
Suzuki reactions. Furthermore, the selectivity and rate in the hydroformylation of propene is lower for the
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uthenium-catalysed asymmetric hydrogenations

H._.O
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A + CO + Hp — H t
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entry ligand TOF? linear/branched
(1 4b 93 3.7
2 5P 71 3.4
(3) 6P 30 24
(4) TPPTSC 500 16.0

TOF: (mol

aldeh;

3

des)/(mole Rh X h), determined at 20%
.

a) ble ald )/ o
of aldehydes was 100%. b) Reaction conditions: T=120°C, p
[Rh] =0.2 mM, hgand/Rh = 10/1, substrate/Rh = 9500/1. ¢) See re

General information. All reactions were carried out under an inert atmosphere of dry nitrogen and followed by
TLC, except for the sulfonation reactions. Glassware was flame dried before use. Standard syringe technigues

were applied to transfer dry solvents and reagents. Infrared (IR) spectra were obtained from CHC] solutions or
NaCl plates using a Perkin-Elmer 1310 spectrophotometer and wavelengths (V) are reported in cm™, H NMR and
3C NMR (APT) spectra were determined in CDCI, (unless stated otherwise) using a Bruker ARX 400 (400 and
100.6 MHz, respectively) spectrometer. Chemical shifts (8) are given in ppm downfield from tetramethylsilane

Ty BT ATS - ey TR o w oAwY

P NMR spectra were recorded on a Bruker 300 AMX NMR (i2i.5 MHz) spectrometer Chemical shifts (8) are
given in ppm downficld from 85% nqru4 UpuLd.J. rotations were measured on a Perkin-Elmer 241 pu;.aj.uucwr in
a1 dm cell (2 mL) in the indicated solvent at the indicated concentration, temperature and wavelength. Mass
spectra and accurate mass measurements were carried out using a VG Micromass ZAB-2HF instrument.
Elemental analyses were performed on a Vario EL. Melting points are uncorrected. Flash chromatography was
performed as described in the litcrature by using Acros silica gel (0.035-0.07mm, ca. 6 nm pore diameter).”

THF was freshly distilled from sodium/benzophenone ketyl under a nitrogen atmosphere. CH,Cl, was distilled

from CaH, under nitrogen atmosphere and stored over 4 A molecular sieves MeCN and MeOH were distiiled

R i a 4l mn b 0 Qo S oo istille
from 3 A molecular sieves under nitrogen. Ethyl acetate and petroleum r (PE, bp 60-80 °C) were distilled
before use. Water, water/MeCN and watcr’l\..cOH mixtures were dcgassed before use by passing throu h a

stream of nitrogen for at least 10 min. Benzene and p-xylene were distilled from CaH, and stored over 4 A
molecular sieves under nitrogen. i-Pr,NEt, Et,N and Et,NH were distilled from KOH pellets and stored over
KOH pellets under nitrogen. All other chemicals were used as obtained from Aldrich or Acros. For sulfonations
95% or 99.999% sulfuric acid was used.
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2-Bromodibenzofuran. This compound was prepared from dibenzofuran according to a literature procedure” in
70% yield (lit.” 47%) after recrystallisation from PE 60/80 as white crystals: mp 108-109 °C (lit.” 107-108 °C);
'HNMR: § 8.06 (d, J = 2.0 Hz, H1), 7.90 (d, J = 7.6 Hz, H9), 7.56 (d, J = 8.1 Hz, H6), 7.54 (dd, J = 2.0, 8.7 Hz,
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H3), 7.47 (dt, J= 1.3, 8.1 Hz, H7), 743 (d, /= 8.7 Hz, H4), 7.34 (dt, J = 1.2, 7.6 Hz, H8).

(2-Dibenzofuranvl)-dinhenvin cphine (1). To a stirred solution of 2-bromodibenzofuran (442 mg, 1.7

m
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mmol) in THF (10 mL) n-BuLi (1.12 mL of a 1.6M solution in hexanes, 1.79 mmol) was added dropwise at -7
OC and stirring was continued for 1 h. To the resulting yellow slurry Ph,PCl (322 pL, 1.79 mmol) was added.
The mixture was allowed to warm to rt overnight. The resulting light yellow solution was concentrated in vacuo,
taken up in degassed toluene and washed with water (2 x 5 mL). The organic fraction was concentrated in vacuo
and a white solid was obtained. This solid was recrystallised from ethanol to give white crystals (611 mg, 97%):
mp 94-96 °C; *'P NMR § -3.70; 'H NMR § 7.98 (dd, J = 7.7, 1.1 Hz, 1H, H9), 7.85 (dd, J = 7.7, 0.5 Hz, 1H,
HNh. 7. <A 7<R (m 2H I—TA¢I—¥R\ 7.43-7.48 (m. 2H. H7 + HR]) ’7’2<77J (m 100 PhIN 730(dt J=07en 7.7

XAxy i WO \Lidy &A1, 1L LA, PO \LIly Lid, 127 T X0}, 1VLL, VL), 7.3V Ul Jg BV § S AN

Hz, H3); ®C NMR (50 Mhz) 8 156.6, 156.3, 137.4 (d, J = 10.4 Hz), 133.4 (d, J = 19.2 Hz, 4C-ortho), 132.8 (d, J
=20.0 Hz), 130.7 (d, J = 10.2 Hz), 128.6 (2C-para), 128.4 (d, J = 6.8 Hz, 4C-meta), 127.3, 126.5 (d, J = 24.0
Hz), 124.6 (d, J = 9.5 Hz), 123.5, 122.7, 120.6, 112.1, 111.7; IR (NaCl, cm™) 3070, 1588, 1466, 1444, 1434, 1198,

1124; HRMS (FAB+) caled for C,,H,;OP [M+H]* 353.1095, found 353.1118.

9
8

P 3

Bis-(2-dibenzofuranyl)-phenyiphosphine (2). To a stirred solution of 2-bromodibenzofuran (410 mg, 1.66
mmol) in THF (4 mL) n-BuLi (1.04 mL of a 1.6M solution in hexanes, 1.66 mmol) was added dropwise at -78

OC and stirring was continued for 1 h. To the rPinrmn vellnw qlnrrv was added PhP(“I (113 pL, 0.83 mmol).

The mixture was allowed to warm to rt overnight. The rebulung hght yellow solution was concentrated in vacuo,
taken up in degassed toluene and washed with water (2 x 5 mL). The organic fraction was concentrated in vacuo
and a white solid was obtained. This solid was recrystallised from ethanol to give white crystals (352 mg, 96%):
mp 201-203 °C; *'P NMR: § -3.71; 'H NMR: 8 7.96 (dd, J = 7.7, 1.0 Hz, H9), 7.85 (dd, J = 7.8, 0.5 Hz, 2H, H1),

7.52-7.57 (m, 4H, H4 + H6), 7.40-7.45 (m, 4H, H7 + H8), 7.35-7.38 {(m, 5H, PhH), 7.29 (dt, j = 7.8, 0.8 Hz, 2H,

U’)\ BAANIRMD. RI1S£7 18672 1270 ) 122 A 74 I 1ONLI. 9 sl Y 120 "7 7A 7T — N LI\ I’)n"l e | T —
o), "CINIVIRN. O 150./, 120,02, 15/.U (05}, 15544, =17 UNZ, 2 -0rlNo), 154./ (O, J = LU, I1Z), 15U,/ {4, J =

10 Hz), 1287 (C-para), 1285 (4, J = 6.8 Hz, 2C-meta), 1274, 1264 (d,J=235Hz), 1248 (d, J = 94 Hz

J )
8 Hz, 2C-n 4(d, ) . ),
123.6,122.8, 1208, 112.0 (d, J = 7.9 Hz), 111.6; IR (NaCL, cm™) 3051, 1589, 1465, 1444, 1198, 1122; HRMS
(FAB+) calcd for C,H,,O,P [M+H]* 443.1201, found 443.1201.

Tris-(2-dibenzofuranyl)-phosphine (3). To a stirred solution of 2-bromodibenzofuran (1.28 g, 5.16 mmol) in
THF (20 mL) n-BuLi (3.23 mL of a 1.6M solution in hexanes, 5.17 mmol) was added dropwise at -78 OC and
stirring was continued for 1 h. To the resulting yellow slurry was added PCl, (150 pL., 1.72 mmol). The mixture

d {n warm tn rt nyerniocht The rncn]hnn almaet nn]nnrlcu

it Uvbllllslll P iy LW ) ulllllE ALLEIVOL vuivul “u 1Y
fraction was concentrated in vacuo and a

SO ntion wace conecentrated i varus taken n
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in deeass ) W, he_-d with water (2 x 5 mL). The organ ind

white solid btamed s solid was recrystallised from ethanol to give white crystals (899 mg, 98%): mp
191-195°C; ? P NMR: 3.()7, 'H NMR: 8 7.99 (dd, J = 7.6, 0.9 Hz, 3H, H9), 7.85 (dd, J = 7.7, 0.5 Hz, 3H,
H1),7.60 (d, J = 4.3 Hz, 3H, H6), 7.57 (d, J = 4.1 Hz, 3H, H4), 7.43-7.51 (m, 6H, H7 + H8), 7.30 (dt, /= 7.5, 0.5
Hz, 3H, H3); *C NMR: § 156.6, 156.3, 132.6 (d, J = 20.5 Hz), 131.5 (d, J = 10.9 Hz), 127? 162.2 (d, J = 22.9
46

Hz), 124.8 (4, J = 9 Hz), 123.6, 122.8, 120.8, 112.0 (d, / = 6.8 Hz), 111.6; IR (NaCl, cm™) 3049,
1444, 1199, 1122; HRMS (FAB+) calcd for C,H,,0,P [M+H]*+ 533.1306, found 533.1351.

1

2-(8-Sodium sulfonatodibenzofuranyl)-diphenylphosphine (4). (2-Dibenzofuranyl)-diphenylphosphine
(442 mg, 1.26 mmol) was stirred with sulfuric acid (2 mL) at rt. The solid slowly dissolved to give a red solution.
After being stirred for 1 h the mixture was cooled to 0 °C and degassed water (6 mL) was added slowly. The
mixture decolourised and a white precipitate was formed. This solid was isolated by filtration and dissolved in
water (z mL) The colourless mixture was neutralised with 0.5M aqueous NaOH to pH 7 and concentrated by

UL 1 I MUV i daita onlid gine averantad /2 v ) D) “nﬂq mathann!l tAn oive tha nradist aftar
HCELC‘Ulleg LHC TCSUILLLILE WIE SOil wdad CAuddilcu \J AL ) widl HiCulaiiUl WU give diC pivuutt andl
evaporation of the solvent as an off-white solid (480 mg, 86 /u)f mp 235-241 °C; *'P NMR (CD.0D) § -4.0; 'H
NMR (CD,OD) 8 8.35 (d, J = 1.6 Hz,1H, H9), 7.99 (dd, J = 8.6, 1.8 Hz, 1H, H7), 7.95 (dd, J = 7.4, 1.4 Hz, 1H,
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H1),7.65 (d, /= 8.6 Hz, 1H, H6), 7.63 (d, J = 7.6 Hz, 1H, H4), 7.48 (dt, J = 7.4, 1.5 Hz, 1H, H3), 7.29-7.40 (m,
10H, PhH ); *C NMR (CD,0D)  158.7, 1585 141.9,138.8 (d, J = 9 Hz), 1347 (d, J = 22 Hz), 1346 (d, J =

20 Hz), 130.0, 129.7 (d, J = 7T Hz), 127.5 (d, J = 22 Hz), 127.0, 125.6 (d, J = 9 Hz), 124.6, 1199, 113.1 (d, J = 8
Hz), 112.4. IR (KBr cm™) 3500 (bs) 302 1590, 1470, 1205, 1106, 1021. HRMS (FAB+) was not successful
50

arancre Tharafara 1NN s ~AF tha
l\dbll\/b. LiIviUiuUIC 11UV 1115 Ul W
t

e oalt wxano eI
1

777777777 mL). The DOWEX was filtered off and the solution freeze-dried to yield the
sulfonic acxd as an off‘whlte sohd (77 mg, 81%): *'P NMR (CD,OD) & -2.2. This product was allowed to oxidise
to the corresponding phosphine oxide: *'P NMR (CD,0D) & 34.3; HRMS (FAB+) calcd for C,H,,O,PS

[M+H]" 449.0613, found 449.0637.
Bis-(Z-(S-sodium sulfonatodibenzofuranyi)- phenyiphosphine (5). is-(2- dibenzofuranyl) phcnyi-
phosphine (100 mg, 0.24 mmol) was stirred with sulfuric acid (1 mL) at rt. The auud slowly dissolved to give a
red solution. After being stirred for 20 h the mixture was cooled to 0 °C and degassed water (8 mL) was added
slowly. The mixture decolourised and a white precipitate was formed. This solid was isolated by filtration and
dissolved in water (2 mL). The colourless mixture was neutralised with 0.5M aq NaOH to pH 7 and concentrated
by freeze-drying. The resulting white solid was extracted (3 x 2 mL) with methanol to give the product after

evaporation of the solvent as an off-white solid (127 mg, 86 %): mp >365 °C; P NMR (CD,0D) § -2.3; 'H

NMR (CD,0D) § 8.38 (d, /= 1.8 Hz, 2H, H9), 8.04 (dd, J = 7.4, 1.1 Hz, 2H, H1), 7.99 (dd, J = 8.6, 1.8 Hz, 2H
I\ "7 ££ (A Yy _ O £ LY. DALY LIAN "7 £& (1 Yy _ QO £ 1I. ATY 1YL\ 7 &N 71 T _ 70 177 1I¥,. DAIT TIAI\ "7 AN 77 7377 /.
nr), 1.60Q, s =0.0 11z, 211, n4), /.05 (4, s =0.0 11z, zn, noj, /.52 (4, J = 7.0, 1./ AZ, 21, N3), /.42-71.37 (I
5H, PhH); "C NMR (CD,0D) 8 158.7, 1584, 141.9,138.7(d, J=9Hz), 1346 (d, J = 21 Hz), 1345 (d, J = 20
Hz) 130.1,129.5(d, /=7 Hz), 127.5(d, /=23 Hz), 127.0, 125.7 (d, /=9 Hz), 124.6, 120.0, 113.3 (d, J = 8 Hz),
2.4; IR (KBr, cm') 3500 (bs), 3020, 1590, 1469, 1435, 1202, 1105, 1021. HRMS (FAB+) was not successful

for the disodium salt due to Na-matrix interference. Therefore 30 mg of the disodium salt was stirred for 1 h with
acidic DOWEX 50 in water (1 mL). The DOWEX was filtered off and the solution freeze-dried to yield the
sulfonic acid as an off-white solid (27 mg, 95%): *'P NMR (CD,0D) §-1.9 his product was allowed to oxidise
to the corresponding phosphine oxide: *'P NMR (CD,OD) & 34.7, S (FAB+) caled for C,;H,,0O,PS,
[M+H]* 619.0286, found 6190302.

¥

.4

1

Tris-(2-(8-sodium sulfonatodibenzofuranyl)-phosphine (6). 7ris-(2-dibenzofuranyl)-phosphine (899 mg,
1.69 mmol) was stirred with sulfuric acid (4 mL) at rt. The solid slowly dissolved to give a deep red solution.
After being stirred for 20 h the mixture was cooled to 0 °C and degassed water (8 mL) was added slowly. The
mixture decolourised and a white precipitate was formed. This solid was isolated by filtration and dissolved in
water (2 mL) The colouriess mixiure was neutralised with 0.5M aq NaOH to pH 7 and concentrated by freeze-

rima oo hita ol d axrnc avbrantad (2 N 2 gaa iela athnmal ¢a sitra thha e A Fra ~F

Ul_ylllg IIJC 1c:>u1uug, WIIILE §01iG Was eXtracica \P A0 U.I.L.«) W.lUJ ITiCUlano: o SVe Ui }JLUUUDL arer CVdPUlaLIUll O1

the solvent as an off-white solid (1.20 g, 85 %): mp >365 °C; 'P NMR (CD,0D) §-2.62; '"H NMR (CD,0D): §
1V 11 1812V o ¢y P 2200 L, I AN ALV LLINIVAR (LWL

20g,859

8.38 (d, /= 1.5 Hz, 3H, H9), 8.11 (dd, J = 8.6, 1.3 Hz, 3H, H7), 7.99 (dd, J= 75 ISHZ 3H, H1), 7.70 (d, J =
8.6 Hz, 3H, H6), 7.62 (d, J = 76Hz,3H H4), 7.57 (dt, J = 7.6, 1.5 Hz, 3H, H3). *C NMR (CD,OD): 3 158.8,
158.5,141.9, 134.6 (d, J=21 Hz), 133.4 (d, J= 12 Hz), 127.5 (d, J = 23 Hz), 127.0, 125.8 (d, / = 9 Hz), 124.6,
120.0, 113.4 (d, J = 8 Hz), 112.4; IR (KBr, cm™) 3500 (bs), 3020, 1591, 1470, 1172, 1104, 1021. HRMS (FAB+)
was not successful for the trisodium sait due to Na-matrix interference. Therefore 50 mg of tri-sodium sait was
stirred for ca. 1h with some acidic DOWEX 50 in water (1 mL). The DOWEX was filtered off and the solution

was freeze-dried to give 42 me of the trisulfonic acid as an off-white solid. HRMS (F«ARJ—\ calcd for

SUnivu W give o uxs VUl WAV WULISUILVIMY  Gviu G0 Gl VLT Y adile SVl LEANAVaD T Lail

0,,PS, [M+H]* 773.0011, found 773.0079.

2,2’-Bis-(bis-(2-dibenzofuranyl)-phosphinoyl)-6,6’-dimethoxy-biphenyl (10). A solution of 2-bromo-
dibenzofuran (2.0 g, 8.04 mmol) in THF (30 mL) was dropwise added in 30 min to activated magnesium (195 mg,
8.04 mmol). The mixture was warmed up with a heat gun to initiate the reaction. The obtained yellow/brown
solution was heated at 50 °C for 1 h. The mixture was cooled to 0 °C and a solution of 9 (910 mg, 1.34 1 i

THUE {18 mI ) wae added dronwice in 15 min. The mixture was refluxed for 20 h. The resultine red solution was

L1107 (10 HIL ) Wad dUULU UMUPWIEDSL 111 1o I 1V HBUAMGIY VWWAS LViiUAabu 1UL L 2. 230 dbotitiiis 43
cooled to 1t, quenched with sat. NH,CI and worked up with CH,Cl, and water. After drying with MgSO, and
evaporation a yellow solid was obtained. Flash chromatography (flrst EtOAc/PE 1:2, then EtOAc/PE 1:1, then
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EtOAc) yielded 920 mg of product as a white solid (70%): mp 190-195 °C; *'P NMR § 31.3; 'H NMR § 3.32 (s,
6H, MeO), 6.83 (d, 2H, J = 8.3 Hz), 7.02 (dd, H3 and H3’, J = 134, 7.4 Hz), 7.09 (t, 2H, J = 7.2 Hz), 7.20 (dt,
.0, 3.5 Hz), 7.24-7.26 (m, 2H), 7.31-7.37 (m, 4H), 7.42-7.52 (m, 6H), 7.60 (d, 2H, J = 8.3 Hz), 7.63 (dd,

=8
2H, J = 8.4, 2.0 Hz), 7.66-7.72 (m, 2H), 7.77-7.82 (m
QA 2 F— 11 1
.77 = o - 11 1

, 7.66-7.72 (m. 2H). 7.77 , 2H), 7.95 (d, 2H, J = 7.6 Hz), 8.15 (d, 2H, J = 11.2 Hz),

Aid 27T Q i) 13{‘1\“[1)3:/1’7 TINE 111N 1119 1112 111 4 1117 117Q 171 3 74 ¥ _ 14 ¥TI_
A00\G, 411, F AL f, O IWVIN U 0%/, 11UD 11U, 11k.4, 111.0, 111.94, 111.7, 1140, 1410 {Q,J =10 )s
122.9 (d, J = 41 Hz), 1233 (d, J = 27 Hz), 123.8 (d, J = 15 Hz), 124.3 (d, J = 15 Hz), 125.5 (m, 5C), 127.5(d, J =
34 Hz), 128.0 (d, J = 15 Hz), 128.9 (d, J = 108 Hz), 129.0 (d, J = 104 Hz), 130.5 (m), 131.0 (d, J = 12 Hz), 131.2

(d, /=104 Hz), 131.3(d, J= 12 Hz) 156 1, 156.5, 157.4 (d, J = 3 Hz), 157.6 (d, J = 14 Hz), 157.7 (d, J = 3 Hz);
IR (NaCl, cm) 2957, 1590, 1467, 1446, 1418, 1257, 1188; HRMS (FAB+) calcd for Ce,H,,0,P, [M+H]t
975.2276, found 975.2263.

Resolution of 2,2’-Bis-(bis-(2-dibenzofuranyl)-phosphinoyl)-6,6’-dimethoxy-biphenyl (10). To a stirred
cenlition of ram:smln lﬂ (777 mo 0797 mmol) in FtNDA- (& mI Y wac added a (;0} n { 1

vvvvvvvvvvvvvvvvv NP7 Ragy Vi J 7 LIUIAVE) AR LANJIAV (U LIy Wad auulu a

tartaric acid (425 mg, 1.13 mmol) in EtOAc (5 mL). The mixture was heated to reflux for 5 min. After
approximately 1 min a white precipitate was formed. This 1:1 complex 11 of (-)-10 and (-)-DBT was filtered off
and dried in vacuo: [a]*°,= -84 (c = 1, EtOH) *'P NMR: §35.6 ; 'H NMR § 3.12 (s, 6H, MeO), 5.96 (s, 2H-
COBz), 6.60 (d, 2H, J = 83Hz) 686(dd 2H,J=13.7,7.7 Hz), 7.04-7.13 (m, 6H), 7.21 (t, 2H, J = 7.6 Hz), 7.28
(dt, 2H, J=7.2, 1.1 Hz), 7.35 (d, 2H, J = 8.2 Hz), 7.40-7.52 (m, 10H), 7.56 (d, 2H, J = 8.3 Hz), 7.63 (dt, 2H, J =
10.9, 1.4 Hz), 7.95 (d, 2H, J = 7.5 Hz), 8.00-8.03 {m, 6H), 8.50 (d, 2H, J = 11.4 Hz). The mother liquor was
evaporated to obtain a light-yellow solid 12: *'P NMR: 8 35.4; 'H NMR § 3.52 (s, 6H, MeO).

The complex 11 was suspended in CH,Cl, (10 mL) and stirred with satd NaHCO, (10 mL). After 1 h the white
solid had dissolved completely. The orgamc layer was separated, washed with bnnc and water, and dried over
MgSO,. After evaporation (-)-10 was obtained as a white solid (280 mg, 72%): mp 192-195 °C; [at]*’,= -81.6 (¢
= 1, CHCL,); HRMS (FAB+) caled for C,H,,0,P, [M+H]* 975.2276, found 975.2204; spectral data were
identical to racemic 10.

The iigh‘[-yeiiow solid 12 was dissolved in CH,CI, (10 mL) and stirred with satd Nak

fian 7
ULV UL \TJTu, U _UIUUIILUyl

Arcanmia latrae a0 camaen tad sxrachhad xritlh et A xrotar amAd Ao

1. 1. NA -~ -
lllC Ulgmuu 1ayc1 Wdd >Cpdaidicd, dellCU» Wltll UIUJC auu WwdlCl, dlid UllUU UvCl Ivig 4 1
vpﬂnw solid was obtained. This solid was dissolved in EtOAc (A mL \ A solution of (4-\,0 0 wr]il*\.:-rwnv] tartaric

ac1d (560 mg, 1.48 mmol) in EtOAc (2 mL) was added and a whlte precipitate was formed after heating fo1 several
min. This 1:1 complex 13 of (+)-10 and (+)-DBT was filtered off and dried in vacuo: [a]’;= +90 (¢ = 1, EtOH);
Spectral data were identical to the complex 11.

The precipitate was suspended in CH,Cl, (10 mL) and stirred with satd NaHCO, (10 mL). After 1 h, when the
white solid was dissolved, the organic layer was separated, washed with brine and water, and dried over MgSO,.
After evaporation (+)-10 was obtained as a white solid (340 mg, 88%): mp 192-196 °C; [(I]ZOD- +80.6 (c =1
CHCL); HRMS (FAB+) caled for C H, O,P, [M+H]+ 975.2276, found 975.2240; .

1,); HR! FAB+) caled for C,H,,O.P, IM+H]T 975.2276, found 975.2240; sp
to racemic 10,

(+)-2,2’-Bis-(bis-(2-dibenzofuranyl)-phosphanyl)-6,6’-dimethoxy-biphenyl  ((+)-7). To a stirred
solution of (-)-10 (280 mg, 0.287 mmol) in p-xylene (10 mL) in a sealed tube was added diisopropylethyl amine
(1.05 mL, 5.7 mmol) and trichlorosilane (0.58 mL, 5.7 mmol). The tube was closed and heated at 160 °C for 24 h.
After cooling the reaction mixture was worked up with CH,Cl, and 1IN aq KOH, washed with water and brine and
evaporated. The solids were dissolved in CH,Cl, (5 mL) and EtOH (2 mlL) was added. CH,Cl, was slowly
distilled off and (+)-7 was obtained as a whlte (‘rvstdl] ne solid (220 mg, 81%): mp 176-178 °(‘ “ﬂzo = +4.0;
[a]= +4.2; [cx]z"s%— +2.7; [o]% 5= -22; [01]2"365 -66 (¢ = 0.5, CHCI_,‘) “P NMR 4 -12.1; IH NMR 6321
(s, 6H, Me0), 6.80 (d, 2H, J = 8.2 Hz), 6.83 (bd, 2H, J = 7.5 Hz), 7.16 (dt, 2H, J = 7.6, 0.9 Hz), 7.28-7.32 (m,
8H), 736(dt 2H,J=17.6, 13Hz) 7.42-7.46 (m, 6H), 7. 2(d 2H, J= 8.3 Hz), 7.56 (d, 2H, J=8.2 Hz), 7.63 (dd,

,05 Hz) 7.87- 789 (m, 2H), C NMR &

~
—_—
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(-)-2,2’-Bis-(bis-(2-dibenzofuranyl)-phosphanyl)-6,6’-dimethoxy-biphenyl ((-)-7). Compound (+)-10
(340 mg, 0.349 mmol) was treated as described for the synthesis of (+)-7. The product (-)-7 was obtained as a
white crystallmc solid (300 mg, 91%): mp 176- 178 °C [a]2°D -4.3; [055= 4.1 [a]s0= -1.7; [0] %= +22;

M~ 120 fn = NE MLYIAY \. TIDAQ (FAB+) C. .H.O.P. IM

[0} 36s= +65 (c = 0.5, CHCl,); HRMS (FAB+) calcd for Ci,H,,0,P, [M+H]* 943.2378, found 943.2390.
identical to (+)-7.

(-)-2,2’-Bis-(bis-(2-dibenzofuranyl-8-potassium sulfonato)-phosphanyl)-6,6’-dimethoxy-biphenyl
((-)-8). Compound (-)-7 (70 mg, 0.074 mmol) was dissolved in sulfuric acid (1 mL), yielding a brown viscous
solution. The mixture was stirred at rt for 20 h. The mixture was cooled to 0 °C and water (3 mL) was added. A
white sticky precipitate was formed. 30% aq KOH was added until the pH of the mixture was between 7.0 and
7.3. The milky mixture was evaporated and the obtained white solid was exiracied three times with MeOH (2 mL)
and filtered. The combined fractions were evaporated and the off-white solid was extracted two times with EtOH
(2 mL). After ev(mor(mnn of the combined fractions the pure product (-)-8 was obtained as a off-white solid (101

Alrde ] ARG & QIO B L0 A0S U wit PR VVAS VULGRILIUAL @S G VLATWILW SV \4iv

mg, 97%): mp 5365 °C; [a]*’y= 20, [®t]*,= -90 (g— 0.3, MeOH/HO 1:1); >'P NMR (CD,0D) & -6.7; 'H
NMR (CD,0OD) & 3.42 (s, 6H, MeO), 6.81 (d, 2H, J = 8.1 Hz), 6.97 (d, 2H, J = 8.5 Hz), 7.17 (m, 4H), 7.32-7.37
(m, 4H), 7.50 (m, 4H), 7.60 (d, 2H, J = 8.7 Hz), 7.64 (d, 2H, J = 8.5 Hz), 7.84 (dd, 2H, J = 8.6, 1.6 Hz), 7.98 (dd,
2H, J = 8.6, 1.7 Hz), 8.03 (m, 2H), 818(d 2H, J = 1.7 Hz), 8.46 (d, 2H, J = 1.6 Hz); "C NMR (CD,0D) § 56.2,

112.5,112.7,113.0, 113.1, 119.8, 124.5, 124, 7 (m), 125.2 (m), 126.2 (m), 126.7, 126.9, 127.7 (m), 127.9, 130.7,
122 1 fea) 124 £ 70 1200 1TAN L 1AM DN £7 £ 1801 1£0 & 1€0 £ 1€0 77 /. T /WD ~acly 2441 /N 200N
155.1 (\Iil), 154.0 (\ill), 15,0, 14U.0, 14VU.7, JJI.U, 100.1, 130.0, 150.0, 100./7 {IT}), IK (RDI, CITl ) 2441 {OI.) JUZU,
1662, 1590, 1469, 1437 1197 1102, 1020;

(+)-2,2’-Bis-(bis-(2-dibenzofuranyl-8-potassium sulfonato)-phosphanyl)-6,6’-dimethoxy-biphenyl
((+)8). Compound (+)-7 (50 mg, 0.074 mmol) was treated as described for (-)-2,2’-bis-(bis-(2-dibenzofuranyl)-
phosphanyl)-6,6’- dirnethoxy biphenyl. The product (+)-8 was obtained as a off-white solid (64 mg, 86%): mp

>365 °C; [aJ‘“ =+19, [aj“’m— +78 (c = 0.3, MeOH/H,0 1:1); spectral data were identical to (-)-8.

2-Todo-N-allylaniline. This compound was prepared according to a literature procedure® and obtained as a pale
yellow oil (870 mg, 88%, lit.* 89%): '"H NMR § 7.66 (dd, J=14,78Hz, 1H, AtH), 7.19 (dt, J=1.4,7.7 Hz, 1H,
ArH), 6.56 (dd, J = 1.2, 8.2 Hz, 1H, ArH), 6.44 (dt, J = 7.6, 1.3 Hz, 1H, ArH ), 5.9-6.0 (m, 1H, CH=C), 5.18-5.31
(m, 2H, C=CH,), 4.32 (bs, 1H, NH), 4.81-4.85 (m, 2H, N- -CH,)

N-(2-Iodobenzoyl)-1,2,3,6-tetrahydropyridine. See also lit.* 2-Iodobenzoyl chloride (1.24 g, 4.64 mmol)
was dissolved in CH,Cl, (30 mL). To this stirred solution a solution of 1,2,3,6-tetrahydropyridine (464 mg, 5.57
mmol) and triethylamine (1.0 g, 9.9 mmol) in CH,Cl, (10 mL) was added dropwise. After stirring for 1 hatrt, a
pale yellow turbid solution was obtained. The mixture was worked up with IN HCI, satd NaHCO,, dried and
concentrated in vacuo. The product was obtained as a pale yellow oil after flash chromatography (EtOAc/PE 1:2)
(1.13 g, 80%): '"H NMR (two rotamers, ca. 1:1) 8 7.84-7.81 (m, 2H, H1 and H!’), 7.41-7.36 (m, 2H, H3 and
H3’), 7.21-7.19 (m, 2H, H4 and H4’), 7.10-7.04 (m, 2H, H2 and H2’), 5.88-5.53 (m, 4H, H6 + H7 and H6’ +
H7%), 4.36-4.10 (m, 1H, H5), 3.89-3.85 (m, 1H, H5"), 3.77-3.59 (m, 1H, H9’), 3.33-3.28 (m, 1H, H9), 2.20-2.05
(m, 2H, H8 and H8’). These spectral data compared well with literature data.

(General nrnnnﬂnrpc for the Heck reactions. A: Dd(nA{‘\ l’ﬁ' mnl%\ and Ilcnnd (14 rr}n]%\ were mixed in

SiAvA SR TRETEA TS5 AU v--w AAL TN Sea RS 11101

water/acetomtnle 1:1 (2-4 ml.) and stirred for at least 15 min. To the yellow solutlon was added substrate(s) (ca.
0.22 mmol) and two equivalents of Et;N and the mixture was heated to the given temperature for the given time.
After work up with CH,Cl, and water, drying and evaporation of the solvents, the products were purified by flash
chromatography. B: Pd(OAc), (5 mol%) and ligand (15 mol%) were mixed in water (2-4 mL) and stirred for at
least 15 min. To the yeliow solution was added substrate(s) (0.22 mmol) and 2 equivalents of Na,CO; and the
............. PN o i am e o ey aam Lan P o +L. MTT 71 mam el srrotman e iem oy

II]_IXLUIE was llCdlt‘zU. 1O lllﬁ glVCD lﬂﬂlpt:ldl.ul@ 101 l[lC glVCIl UUIC /‘\llCI WUXK Up WILH \,nq\,lz dana waicr, aryi lg ld
evaporation of the solvents, the products were purified by flash chromatography.



6668 A. L. Sollewijn Gelpke et al. / Tetrahedron 55 (1999) 66576670

3-Methylindole. I) 2-Todo-N-allylaniline (79 mg, 304 umol) was reacted as described in procedurc A with ligand
6 at 40 °C for 19 h (flash chromatography with EtOA¢/PE 1:2), yielding the product as a white solid (39 mg,
97%): '"H NMR & = 7.84 (bs, 1H, NH), 7.61 (d, J= 7.8 Hz, 1H, ArH ), 7.36 (d, J = 8.0 Hz, 14, ArH ),7.21 (d, J
=7.6,1.1Hz, 1H, AtH ), 7.15(dt, /=74, 1.0Hz, 1H, ArH ), 6 7 dJ= IOHz 1H, NH CH—C ) 237 (d J=
1.0Hz, 3H, -CH, ); "C NMR 8§ 1362 110.8, 9.6 (similar to literature
data*). 1) 2—Iod0-N alivlaniline (57 r
0gra]

°C for 18 h (flash chromatography
Spectral data as for L.

Cyclisation of N-(2-iodobenzoyl)-1,2,3,6-tetrahydropyridine. 1) N-(2-lodobenzoyl)-1,2,3,6-tetrahydro-
pyridine (70 mg, 0.22 mmol) was reacted as described in procedurc A with iigand 6 at 95 °C for 24 h (flash
chromatography with EtOAc/PE 1:2), yielding the product as a colourless oil (21 mg, 50%): 'HNMR § 7.95 (d, J
=7.4 Hz, 1H, ArH), 7.39 (t, /= 7.4 Hz, 1H, ArH), 7.33 (t, / = 7.4 Hz, 1H, ArH), 7.20 (d, J = 7.3 Hz, 1H, ArH),

6.00-5.95 (m, 1H, C=CH), 5.64 (dd, J =9.7, 4.0 Hz, IH, CH=C), 4.34 (dd, J = 17.6, 3.9 Hz, 1H, NCHHC=), 3.85
(dd, J=17.6, 1.9 Hz, 1H, NCHHC=), 3.78 (d, J = 12.7 Hz, 1H, NCHH), 3.53 (dd, J = 12.7, 2.6 Hz, 1H, NCHH),
3.12 (d, J = 5.4 Hz, 1H, CH,CHC=); "C NMR (50 MHz) 3 176.2, 146.5, 131.8, 129.9, 129.5, 128.9, 127.5,
126.9, 125.0, 51.7, 51.4, 35.8 (similar to literature data*). 1) N-(2-Iodobenzoyl)-1,2,3,6-tetrahydropyridine (70
mg, 0.22 mmol) was rcacted as described in procedure A with ligand 4 at 95 °C for 24 h (ﬂash chromatography

Al R At mo a Alacanlace 21 799 s SO0Z0N- 1IT AT
with EtCAC/PE 1.2), _ylmulug the pu}uuct as a COIOUIIeSS Oi1 (<44 IMg, J470j. 11 INLV.

fndnhf—\n'lnvl\ 1 ’7 3 6 I'Pfrnhvdrnnvr:d1np /7ﬂ mg, 0.22 mmol) was reacted as de

b RA3LLINVL S W Quviviu GS U

6 at 95 °C for 21 h (flash chromatogranhv w1th EtOAc/PE 1:2), yielding the product as a colourless oil (21 mg,
50%): '"H NMR as for 1. IV) N-(2- Iodobenzoyl)—l 2,3,6-tetrahydropyridine (70 mg, 0. 22 mmol) was reacted as
described in procedure B with ligand 4 at 95 °C for 20 h (flash chromatography W1th EtOAC/PE 1:2), yielding the
product as a colourless oil (21 mg, 50%): 'H NMR as for L.
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mg mmol) 'nd 2-cyclohexene-1-ol (34 mg, 0.35
and 0 °C for 18 h (flash chromatography with
8 mg, 40%). HNMR 87.08 (d,J=88Hz, 2H, ArH),
1
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n
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lig
eld ct as v 0il (18 mg H NMR 8.8 Hz, 2H

6.79 (d, /=8.8 Hz, 2H 7 (s, lH, OH) 0 -2.91 (m, 1H, ArCH ), 2.62-2.32 (m, 4H, CH, (CO)CH,),

2.17-2.02 (m, 2H), 1.87 1,60 (m, 2H); C NMR 8 1542, 1364, 127.5, 1153, 49.1, 43.8, 41.1, 32.8, 25.3

(carbonyl-C was not observed); IR (CHCI,, cm'): 3331, 3014, 2942, 1706, 1613, 1515. These spectral data

compared well with literature data.®

P Dhanvisrvelnhavanana and Anhanvl Y cvelahavana. 1 ana Indahanzana /1A mo NAT  smmall amd D
JTR IICIIJILJ‘,IUIICAGIIUIIC a1ty J Pllcll 1T&™ LU YULIUVILIITACIICTATULIC, 1UUUVULLIZULIV \U"I’ 1115, v.r 1l llullUl) allu L
(_‘yclghexe one (59 mg, 0.62 mmol) were reacted ag described ir ] pr rocedure A (with a water/MeCN 1:2 mixture as

e solvent) with hgand 6 at 80 °C for 94 h (flash chromatography with EtOAC/PE 1:3), yielding a mixture of

products as a pale yellow oil (50 mg, 71%): 3-phenyl-2-cyclohexenone: '"H NMR § 7.57-7.50 (m, 2H, Ph-ortho),
7.45-7.39 (m, 3H, Ph-meta + para), 6.41 (s, 1H, =CH), 2.81-2.75 (m, 2H, CH,C=0), 2.51-2.45 (m, 2H), 2.20-
2.10 (m, 2H). 3-Phenylcyclohexanone: 'H NMR & 7.38-7.30 (m, 2H, Ph-ortho), 7.28-7.20 (m, 3H, Ph-meta +

para), 3.06-2.97 (m, 1H, PhCH ), 2.63-2.33 (m, 4H, CH, (CO)CH,), 2.18-2.05 (m, 2H), 1.92-1.72 (m, 2H).
These spectral data compared well with literature data.*

4-Methylbiphenyl via a Suzuki reaction. Pd(OAc), (4.7 mg, 21 umol) and ligand 6 (50 mg, 60 umol ) were
dissolved in a H,O/MeCN 1:2 or a H,O/MeOH 1:3 mixture (2 mL) and the yellow solution was stirred for 15
min, Phenyl boronic acid (102 mg, 0.81 mmol), 4-iodotoluene (190 mg, 0.85 mmol) and Na,CO, (480 mg, 4.5
mmol) were added and the mixture was heated at 60 °C. After 24 h the reaction was worked up with water and

CH,Cl,. After drying, evaporation of the soivents and flash chromatography (EtOAC/PE i:1) the product was

,_LL,,J_,.J o s mala all e, ~21 7 e O O7 N\ 1LY NI D & 7 £9 7343 7 14 0 & 1Y, LT DL SA /1 T —
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2H ArH), 2.44 (s, 3H, Me) C NMR & 141.5, 138.5, 136.9, 129.4, 128.3, 126.9, 21.0. These spectral data

compared well with literature data.*
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2-Phenylaniline via a Suzuki reaction. Pd(OAc), (6.8 mg, 29 umol) and ligand 6 (56 mg, 67 umol ) were
dissolved in a H,O/MeCN 1:1 (2 mL) and the yellow solution was stirred for 15 min. Phenyl boronic acid (76
mg, 0.62 mmol), 2-iodoaniline (126 mg, 0.58 mmol) and Et,N (0.2 mL, 1.4 mmol) were added and the mixture

was heated at 50 °C. Afier 18 h the reaction was worked up with water and CH,Cl,. After mymg evaporau on of
the solvents and flash chromatography (EtOAc/PE 1:2) the product was Ubu:uﬂed as a paie yellow oil (56 mg, 58
% ): '"H NMR 8 7.51-7.35 (m, SH ArH), 7.21-7.15 (m, 2H, H3 + HS5), 6.86 J;I.l 7.5 Hz, 1H, H4), 6.79
(dd, /= 0.9, 7.9 Hz, 1H, H6), 3.77 (bs, 2H, NH,); ”C NMR 6 1434, 1394 304, 129, 128.7, 128.4, 127.5,
127.1, 118.5, 115.5. These spectral data compared well with literature data.*

Hydroformylation of propene. Rh(CO)zacac (1 mg, 4 x 10°® mmol) and ligand (4 x 10"° mmol) were mixed in a

100 mL Schlenk vessel under argon in degassed water (30 mL). The mixture was transferred into a 100 mL

stainless steel autoclave, previously flushed with argon and synthesis gas (3x). The autoclave was pressurised with
wnthms gas and heated for 16 h at 120 °C. The autoclave was cooled to 60 °C and depressurised. Then the

ILIICOID Ldlits QUL (AU 0 LS} S G UL PIVOSULIIOVU,. ALV Wiv

mixture was pressurised with 9 bar of propene and 10 bar of synthesis gas. The reaction was initiated by heating

the mixture at 120 °C. After 5 h the reaction was terminated by cooling the autoclave in ice after which it was
depressurised. The organic contents was analysed by 'H NMR spectroscopy: 'H NMR (300 MHz): § 9.26 (¢, J =

15.9 Hz, 1H, butanal), 9.22 (d, J = 10.5 Hz, 1H, 2-methylpropanal).
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