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New Rhodium(l) Water-soluble Complexes with
1-Alkyl-1-azonia-3,5-diaza-7-phospha-
adamantane lodides and their Catalytic

Activity
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The water-soluble phosphine ligands, 1,3,5-
triaza-7-phosphatricyclo[3.3.1.#]decane (tpa)
and  1-alkyl-1-azonia-3,5-diaza-7-phosphatri-
cyclo[3.3.1.F"]decane iodides (Rtpal~), with
alkyl=methyl(mtpa17), ethyl (etpa'l~) and n-
propyl, (ptpa™l~), and mtpa'Cl~ react with
[Rh,Clx(CO),] giving the rhodium(l) complexes
[RhCI(CO)(tpa) ], [RhI(CO)(Rtpa "17),], [RhCI-
(CO)(mtpa™Cl™)3] and [RhI(CO)(Rtpa™17)4].
The properties and reactivities of the complexes
have been investigated usingH and *'‘PNMR
and IR spectroscopies. The five-coordinate com-
plexes in solutions show dynamic properties. The
complexes are catalysts of the water-gas shift
reaction, the hydrogenation of C=C and C=0
bonds, the hydroformylation of alkenes and the
isomerization of unsaturated compounds. Copy-
right © 1999 John Wiley & Sons, Ltd.
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INTRODUCTION

separation of the product from the catalyst and high
activity and selectivity.™ Water solubilization of
known coordination and organometallic catalysts
is performed by incorporating highly polar func-
tional groups such as —SB, —COOH, —NH,,
—NR3;", —PR;" or —OH groups into phos-
phine ligands: ! Most investigations of metal—
phosphine complexes involve sulfonated arylphos-
phine ligands. Comparatively little work has been
carried out on hydrophilic trialkylphosphines.
Interesting properties are exhibited by 1,3,5-triaza-
7-phosphatricyclo[3.3.13(|decane  (tpdf1>~!8
and 1-methyl-1-azonia-3,5-diaza-7-phosphatri-
cyclo-[3.3.1.%]decane iodide (mtpd ) (Fig. 1).
The cone angle for the first phosphine
1020121316184 for mtpd|~ it is approximately
the samé®2° Thus properties of complexes with
these ligands should depend mainly on their elec-
tronic properties. We describe here rhodium(l) com-
plexes with 1,3,5-triaza-7-phosphatricyclo-
[3.3.1.2]decane (tpa) and its alkylazonia deriva-
tives: 1-methyl- (mtpal ~ and mtpaCl ™), 1-ethyl-
(etpa'l ™) and 1-propyl-1-azonia-3,5-diaza-7-phos-
phatricyclo[3.3.1.}"]decane iodide (ptpd )

is

EXPERIMENTAL

Synthesis and catalytic reactions

Water-soluble organometallic chemistry has re-
ceived significant interest in the last few years. TheAll manipulation were carried out under an inert
basic problem of homogeneously catalyzed pro-atmosphere using standard Schlenk techniques.
cesses is the separation of the product from theCatalytic reactions under high pressure were
solvent and the catalyst, which is soluble in it. carried out in autoclaves (Berghof) and at atmo-
Water-soluble catalysts combine the advantages afpheric pressure in glass vessels at constant volume.
homogeneous and heterogeneous catalysis: simplene autoclaves and glass vessels were first filled
* Correspondence to: Florian P. Pruchnik, Faculty of Chemistry, with mtrOgen and then with SOIVent’ reaCtants and
University of Wrodaw, Joliot-Curie 14, 50-383 Wroclaw, Poland. catalyst. The reactors were subsequently filled with

Contract/grant sponsor: Committee of Scientific Research, kBN;Hz - CO or H, with ngeral evacuation/refill
Contract/grant number: 3 T09 092 10. cycles. RhG-3H,O (Aldrich) was used as re-
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Figure 1 Structureof tpaandmtpa’l .

ceived. Tpa and mtpa'l~,** [Rhy,Cly(CO),,%
[RhCI(CO)(tpa)]  (1),*° [RhI(CO)(mtpal~),]
(2),2° and [RhI(CO)(mtpal~)4]-4H,0 (5)%° were
preparedasreportedin the literature.

Physical measurements

Infrared(IR) spectra KBr pelletsandNujol mulls)
wererecordecdn a BrukerlFS113vinstrumentand
'H NMR and 3P NMR on a Bruker 300 AMX.
Chromatographianeasurementsvere carried out
onanHP5990chromatograplusingFID, TCD and
MS detectorsElementalanalysesvere performed
on a Perkin-EImer2400CHN analyzer.

Synthesis of ligands: mtpa'l -,
etpa’l and ptpa’l”

A mixture of tpa (1.000g, 6.37mmol) and RI

(6.37mmol; Mel 0.904g, Etl 0.994g, crnPrl
1.083g) was refluxed in 30cm® of acetonefor

1 h. Thewhite productwasfiltered off andwashed
with THF. Yields:mtpa"l~ 1.733g (91%),etpa’| ~

1.695g (85%)andptpa’l ~ 1.480g (71%).3P{*H}

NMR in D,O (6): —95.0ppm (mtpa'l~);

—81.3ppm (etpa’l ); —82.7ppm (ptpa’l ).

Synthesis of mtpa" Cl~

A solution of mtpa'l~ (0.388g) in water (4 cm®)
was poured into a column containing anion
exchangerDowex 1). After elution, the solution
containingproductwasevaporatedo drynessinder
vacuum and then recrystallized from ethanol.
Yield: 0.190g (71%). **P{*H} NMR in D,0 (9)
—95.0ppm.

Synthesis of
[RhI(CO)(Rtpa'l ),]2EtOH (R = C,Hs,

A mixtureof Rtpa’l ~ (1.2mmol; etpa’l ~ 0.37569
onptpa’l~ 0.3924g) andRh,Cl,(CO), (0.3mmol,
0.1167g) in ethanol(20cm®) was stirred at room
temperaturdor ca 1 h. Theyellow—orangegroduct

Copyright© 1999JohnWiley & Sons,Ltd.

wasfiltered off, washedwith cold ethanolanddried
in vacua Yield: 3, 0.3806g, 65%, 4, 0.3675g,
61%. Analysis:calcdfor 3, C1H,46l3NgO3P-Rh: C,
2584,H, 475,N, 861,f0r 4, C23H50|3N603P2Rh:
C,27.51;H,5.02;N, 8.37.Foundfor 3, C,25.76;H,
4.70;N, 9.57%,for 4, C, 27.06;H, 4.92; N, 9.0%.

gynthesis of [RhCI(CO)(mtpa‘Cl )s],

A mixture of mtpa"Cl~ (0.1158g, 0.558mmol)

and Rh,Cl,(CO), (0.0362g, 0.093mmol) in water
(5cm®) was stirred at room temperaturefor ca
30min. The solventwas removedunder reduced
pressure.The orange product was washedwith

diethyl etheranda small amountof cold THF and
dried in vacuo (yields 0.1241g, 85%). Analysis
calcdfor C,,H45CILNgOPsRN: C, 33.48;H, 5.75;N,

15.97; Cl, 17.77. Found: C, 33.81; H, 5.76; N,

15.10;Cl, 16.38%.

synthesis of
[RhI(CO)(Rtpa'1 )31 4H,0 (R = CoHs5,
7; R=CzH,, 8

A mixtureof Rtpa’l ~ (0.5mmol; etpa’l ~ 0.1565g
or ptpa’l- 0.1635y) and RhCI(CO),
(0.083mmol,0.0324g) in water(5 cm®) wasstirred
atroomtemperaturdor ca 1 h. The orangeproduct
wasfilteredoff, washedwith cold ethanolanddried
in vacuo Yield: 7, 0.1590g, 74%; 8, 0.1511g,
69%. Analysis:calcdfor 7, CysHsol sNgOsPsRh: C,
23.31;H, 4.58;N, 9.79; 8, CogHgsl sNgOsPsRh: C,
25.63;H, 4.96; N, 9.96.Foundfor: 7, C, 23.91;H,
4.40; N, 10.01%do for; 8, C, 25.87;H, 4.90; N,
9.98%.

RESULTS AND DISCUSSION

Synthesis

Treatmentof [Rh,Cly(CO),] with 1,3,5-triaza-7-
phosphatricyclo[3.3.131"]decane(tpa) and its 1-
alkyl-1-azonia-3,5-diaza-7-phosphatricyclo-
[3.3.1.2]decaneiodide derivativesin methanol,
ethanoland water at stoichiometricratiosafforded
the complexes[RhCI(CO)(tpa),] (1), [RhI(CO)-
(mtpa'l7),] (2), [RhI(CO)(etpdl),]-2EtOH (3),
[RhI(CO)(ptpa’l ),]-2EtOH (4), [RhI(CO)(mt-
pa’l ")s]-4H,0 (5), [RhCI(CO)(etpaCl )s] (6),
[RhI(CO)(etpdl)3]-4H,0 (7), and [RhI(CO)(pt-
pa’l)s4H,0 (8). In reactionsof [Rh,Cl,(CO)]

Appl. OrganometalChem.13, 829-836(1999)



WATER-SOLUBLE RHODIUM(l) — PHOSPHINECOMPLEXES 831
Table 1 'H NMR spectraof rhodium(l) complexeswith phospha-adamantanes
B
PCHHN PCHN" NCH*HEN *NCH*HEN
RNT SHA, oHB 3(ppm) SHA, 5HB SHA, 6HB
o(ppm);[J (ppm);[J(AB)  J(AX), J(BX)  m@(PCH,),  (ppm);[I(AB) [ppm]; [J(AB)
Compound (H2)] (H2)] (Hz) (Hz) (H2)] (H2)]
tpa (CDCl) 4.03,d 4.58,s
(PCH:N) [9.5]; (NCHzN); 6H
6H
tpa (D20) 3.94,d 4.46,4.39
(PCH:N) [9.6]; (12.62);6H
6H
mtpa“l~ CHs: 2.62,s; 3.84,3.72 13.54,955 4.22,d[6.72]; 4.47,4.31 4.82,4.70
3H [14.06];4H 2H [14.05];2H [11.39];4H
etpa’l~ CHs: 1.30,t 3.97,3.89 14.97,14.50 4.34,d[6.39]; 4.58,4.45 5.01,4.83
[6.92]; 3H [9.19]; 4H 2H [13.67];2H [11.36];4H
CH,: 2.98,q
[7.54]; 2H
ptpa'l~ CHas: 1.02,t 4.00,3.92 15.69,15.16  4.39,d [6.33]; 4.62,4.48 5.04,4.86
[7.25]; 3H [10.80];4H 2H [15.72];2H [11.32];4H
CH,: 2.86,
1.79,2 m; 4H
mtpa Cl~ CHas: 2.61,s; 3.83,3.70 15.03,9.70 4.21,d [6.60]; 4.54,4.30 4.86,4.70
3H [14.76];4H 2H [13.78];2H [12.87];4H
1 (D,0) 4.12,s; 4.42,4.38
(PCH:N) 12H [13.06]; 12H
1 (CDCl) 4.27,s; 4.53,s;
(PCH:N) 12H (NCH:N) 12H
3 (213K) CHs: 1.17,t 4.27,4.22 4.63,s;4H 4.63,4.44 5.05,4.88
[7.04]; 6H [15.52]; 8H [13.58]; 4H [11.07]; 8H
CH,: 3.10,q
[7.37]; 4H
4 (223K) CHas: 1.04,br 3.97,3.85 4.76,s,4H 4.55,4.45 5.00,4.92
m; 6H [10.39]; 8H [12.00]; 4H [9.01]; 8H
CH,:, 3.06,
1.82,2brm;
8H
6 CHs: 2.74,s; 4.21,4.07 4.54,s; 6H 4.49,4.33 4.94,4.82
9H [15.45]; 12H [14.09];6H  [12.02];12H
7 CHs; 1.18, 4.15,4.03 4.41,s; 6H 4.49,4.32 4.92,4.70
t[7.50];9H  [15.64];12H [13.57];6H  [11.89]; 12H
CH,: 3.00,q
[7.50]; 6H
8 CHa: 1.02,t 4.02,3.93 4.38,d (4.53); 4.55,4.45 5.03,4.83
[7.30]; 9H [15.39]; 12H 6H [13.66];6H  [10.94];12H
CH,: 2.84,
1.80,2m; 12H

with the alkylazoniaphosphin@édides,complexes
with coordinatediodo ligandsare alwaysformed.
The complexesare solublein waterand methanol,
slightly solublein higheralcoholsand other polar
solvents,and insolublein nonpolarsolvents.The
complexesare air-stablein the solid state,but in
solution they are oxidized in air with loss of
carbonylligand and formation of the appropriate

Copyright© 1999JohnWiley & Sons,Ltd.

phosphineoxide. All complexeshavebeencharac-
terizedby a combinationof elementalnalysis|R,
and*H and3P NMR spectra.

The *H and *'P{*H} NMR and IR spectraare
givenin Tablel and2. Thespectrandicatethat,in
solution, complexes1-4 exhibit trans structure;
both chemical shifts and *J(RhP) are typical of
trans[RhX(CO)(PRy),].

Appl. OrganometalChem.13, 829-836(1999)
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Table 2 3P{*H} NMR andIR spectraof rhodium(l) complexeswith phospha-adamantanes

Compound S*1P{*H} NMR (ppm) [J(P—Rh)(Hz)] ASPP{*H} NMR? (ppm) IR v(CO) (cm™)
tpa —98.3

mtpa’l~ —95.0

etpa’l~ -81.3

ptpa‘l~ -82.7

mtya*CI* —95.0

1t —60.1d [127.0] 38.2 1963
220 —50.2d [123.6] 44.8 1990
3 —49.1d [131.4] 32.2 1982
4° —46.8 [125.7] 35.9 1987
520 —58.4,sbr 36.6 2001
6 —47.8,sbr 47.2 1996
7 —43.5,sbr 37.8 1999
8 —42.0,sbr 40.7 2000

zAdSlp{H} = (531P{1H} complex — (531P{H} ligand
Recordedat 213K in CD3;OD.
¢ Recordedat 223K in CD5OD.

The 3P coordination chemical shift (A53'P)
= dcomplex— Jligand fOr thesecomplexeschangesn
therange32.2—44.8pm.Thecomplexeb—8show
dynamicpropertiesin the3'P{*H} NMR spectreof
thesecompoundsn D,O at 20°C only onesignal,
in therange—42.0to —58.4ppm,is observedlt is
very broad at 5°C and as the temperatureis
increasedhe resonanc@arrows but evenat 85°C
spin coupling between®Rh and 3P was not
observedThisindicateghatthefluxional processs
intermolecular.Thusfive-coordinatecomplexesin
solutiongive a mixture of severalcomplexeswith
different geometries, e.g. isomers of trigonal-
bipyramidalandsquare-pyramidatomplexes.

In aqueoussolutionall complexesarerelatively
stable in an inert atmosphere,in contrast to
RhCl(tpa), which is oxidized with formation of
tpaOowing to the oxidative additionof water?4
However, complexes2-8 in methanol/waterand
wet acetonitrile solutionsare oxidized, evenwith
only tracesof oxygen,giving RtpaO'l .

The mtpa'l~, etpa’|~ andptpa’l ~ ligandsand
complexes2-8 give *H NMR spectratypical of
nonequivalentprotons of NCH,N, NCH,N* and
PCH,N methylenegroups,apartfrom the PCH,N ™"
group,for which only couplingwith *'Pis observed
(Tablel). Thus,in thesecompoundfquivalencef
the methyleneprotonsis removedowing to the
leakageof the alkyl groupto one of the nitrogen
atoms.The *H NMR spectraof tpaandcomplexl
in CDCl; are simple, since axial and equatorial
differencesf methyleneprotonswerenotobserved
(Tablel).

Complexes RhCI(CO)(tpa) (1) and RhI(CO)

Copyright© 1999JohnWiley & Sons,Ltd.

(Rtpa'l )5 are efficient catalystsfor the watergas
shift reaction.The ratesof reactionin the presence
of 1 and5 at80°C are6 mol CO, (mol RH) *h™*
(pco=0.1MPa)!° and 140mol CO, (mol Rh)h™*
(pco=8MPa),respectively.The compound and
5 catalyse the hydrogenationof aldehydes,in
contrastto rhodium compoundswith tpa®12:13:23
They are also catalystsfor the aldol condensation
(Table 3). In the caseof 1-butanal,the yields of
EtC(nPrCHOH)CHO are 89% and 77% for con-
densations catalyzed by complexes 2 and 5,
respectively.However,during the reductionof 1-
pentanall-hexanabnd1-heptanalthe appropriate
alcoholsare mainly formed (ca 80-85%).A much
higheryield from thecondensatioffor n-butanaljn
comparisonwith that for higher aldehydes,ndi-
cates that an important role is played by the
bulkinessof the coordinatedRCHO molecule.This
conclusionis confirmedalsoby the higheryield of
EtC(nPrCHOH)CHO obtainedin the presenceof
complex 2 than in the reaction catalyzed by
trigonal-bipyramidal compound 5. The average
turnover frequency (TOF) for the reduction of
aldehydesis ca 100mol RCHO(mol Rh) *h™* at
p(H,) =8 MPa. The C=C bondsarereducedmore
easily than C=0. Acrolein (CH, =CHCHO),
crotonaldehyddMeCH=CHCHO) and cinnamal-
dehyde(PhCH=CHCHO) at p(H,) =0.1MPa are
reducedo aldehydegTable4).
Thesecomplexesarealsoactive catalystsor the
hydrogenationof unsaturatedacids and alcohols,
which are relatively quickly reducedunder mild
conditions(Table4). Theratesof hydrogenatiorof
unsaturateccompoundsstrongly dependon their

Appl. OrganometalChem.13, 829-836(1999)
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Table 3 Two-phasenydroformylationof hexleneandhydrogenatiorof aldehydedy rhodiumcomplexesl, 2 and5

Catalyst TOF*  Yield (%), Products(%)
(a) Hydroformylationof hexlen&
162 98 n-CgH,13CHO 53; C4HgCH(CHR)CHO 41; n-CgH,1sCOOH 2.5;
C4HoCH(CH3)COOH 1.5
2 117 70 n-Ce¢H,3CHO 29; C4HoCH(CH3)CHO 25; CHzCH = x CHC3H7 10;
CHgCHzCH = CHC/ZHS 6
2/ 150 91 n-CgH13CHO 39; C4HoCH(CHs)CHO 25; n-CgH;3COOH 14;
mtpa=1:6 C4HgCH(CH;)COOH 13
5 167 ~100 n-CgH13CHO 3.1; C4HgCH(CHs)CHO 2.2; n-CgH14 94; n-CgH,1:COOH
0.1; n'C7H150H 0.5
5/Co=1:6 163 98 n-CgH13CHO 54; C4HyCH(CHs)CHO 36; n-CgH14 7.6
Catalyst TOF Yield (%), Substrate Producty%)
(b) Hydrogenatiorof aldehyde$
2 106 95 nPrCHO nBuOH 6; EtC(nPrCHOH),CHO 89
2 88 79 n-CsH,,CHO n-CsH,30H 79
5 109 98 nPrCHO nBuUOH 6; PrCH=CEtCHO6; BUEtCHCH,OH 2
EtC(nPrCHOH)CHO 77; nPrCOOnBul
5 108 97 n-C4,Hy,CHO n-CsH1;,0OH 80; nBUCH—C(nPr)CHGB; others14
5 108 97 n-CsH,,CHO n-CsH1s0H 84; n-CsH,,CH—C(nBu)CHO®;
n-CgH1:CH(NBU)CHOH 2; others8
5 106 95 n-CeH,3CHO n-C;H,s0H 78; n-C¢H,;CH—C(n-GH,,)CHO 12;

n-C;H,sCH(n-GH1,)CHO 2; others2

aAverageTOF [mol substratgmol Rh h) ™.

P p(CO)=p(H,) = 3.0MPa; T=2333K; 1,2 and3, 0.01mmol; HZO 15cm?; hexlene,30mmol.
¢ p(H,) = 8.0MPa; T=353K; 2 and5 0.01mmol; H,0, 15cm?; substrateZOmmoI

structure. This indicates that the stabilities of
complexesformed in reactionsbetweenthe in-
vestigatedcomplexesand unsaturatedsubstrates
[RhX(CO)(Rtpa | )(R'R’C=CR®R?)] dependon
the natureof theselatter. It is interestingthat the
initial rate of hydrogenationof fumaric acid is
much higher than that of maleic acid. However,
during the reaction, the rate of hydrogenationof
fumaric acid diminishesand becomescomparable
with that observedfor maleic acid. This follows
from the rather strong dependencef the hydro-
genationrate on the concentratiorof fumaric acid.
Complexes2 and5 also catalyzemigration of the
double bond. During hydroformylation of hex-1-
ene in the presenceof complex 2, apart from
hexane the isomerizationproductshex-2-eneand
hex-3-ene are also formed (Table 3). Many
complexespresentin equilibrium in solution are
responsibldor catalyticactivity. This conclusiornis
confirmedby the dependencef the rate of allyl
alcohol hydrogenationon the concentration of
complex5 and pH (Figs 2 and 3). The maximum
rate of hydrogenatiorwasobservedat a concentra-
tion of compound5 equalto 0.3mm. The rate of
hydrogenatioralso dependsstrongly on the pH of

Copyright© 1999JohnWiley & Sons,Ltd.

the solution. Hydrogenationof allyl alcohol does
not proceed below pH 3 and increasesto ca
350molH, (molRhy *h™! at pH 7, and then
slowly decreasesThe dependencef the rate of
reductionof allyl alcoholon its concentratiorn(Fig
4) indicatesthat stabilities of rhodium complexes
with C=C bonds of unsaturatedsubstratesare
considerableUsually, activationof dihydrogenby
alkenecomplexesof transitionelementformedin
catalytic systemsis difficult. Therefore,at higher
concentrationsf allyl alcohol,theconcentratiorof
species capable of activating dihydrogen di-
minishesand the rate of hydrogenationstrongly
decreasesDuring the catalytic hydrogenationof
C=C bonds, the carbonyl ligand undergoesa
water-gasshift reaction.Complexesobtainedafter
hydrogenatiorof allyl alcoholdo not containCO
ligands. Thus, the hydrogenation reaction is
most probably catalyzed by iodo complexes
RhI(Rtpa'l ). Thecatalyticactivity of rhodium(l)
complexesmth mtpa’l~ is comparablavith thatof
[RhCl(tpay].?® Very interestingis the influenceof
different cations and anions, including 3d metal
compoundspn the rate of hydrogenation(Table4
andFig. 5). It is likely thatthesecompoundsarein

Appl. OrganometalChem.13, 829-836(1999)
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Table 4 Hydrogenatiorof unsaturatedgubstratedy rhodiumcomplexess, 6, 7 and 82

Numberof  Init. rate[mol

Catalyst Substrate Product phases  (h mol Rh)™]
5 cisHOOCCH=CHCOOH HOOCCH,CH,COOH 1 110
5 trans- HOOCCHCH,COOH 1 210

HOOCCH=CHCOOH
5 CH,=C(COOH)CHCOOH  CHsCH(COOH)CHCOOH 1 40
5 CH,=CHCOOH CH;CH,COOH 1 65
5 CH,=CHCH,OH CHsCH,CH,OH 1 167
5/Mn**P CH,=CHCH,OH CH3CH,CH,0OH 1 130
5/F& P CH,=CHCH,OH CHsCH,CH,OH 1 110
5/Co* ™ CH,=CHCH,OH CH5CH,CH,0H 1 213
5/Nj2*P CH,=CHCH,OH CHsCH,CH,OH 1 170
5/Zn**tP CH,=CHCH,OH CH3CH,CH,0OH 1 123
5/NaOAc=1:2 CH,=CHCH,OH CHsCH,CH,OH 1 221
5/NaOAc/ CH,=CHCH,OH CH3CH,CH,0OH 1 203
Co(OAc),=1:2:2
5/NaOAc=1:20 CH,=CHCH,OH CH3CH,CH,0OH 1 191
5/NaOAc/ CH,=CHCH,OH CHsCH,CH,OH 1 180
Co(OAc), =1:20:2
5/NaOAc/ CH,=CHCH,OH CHsCH,CH,OH 1 66
Co(OAc), =1:60:2
6 CH,=CHCH,OH CH5CH,CH,0OH 1 28
7 CH,=CHCH,OH CH3CH,CH,0OH 1 58
8 CH,=CHCH,OH CH3CH,CH,0OH 1 49
5 CH,=CHCHO CH3CH,CHO 1 158
5 CH,=CHCONH, CHsCH,CONH, 1 81
5 transPhCH=CHCHO PhCHCH,CHO 2 68

@ p(H,) = 0.1MPa; 305K; 5-8, 0.005mmol; H,0, 15cm®; substrate10 mmol.

b 5/MSO,=1:1.

Rate of hydrogenation [mol H, h™]

1.0x10-3

8.0x104

6.0x10"

KI*
4.0x104

a]

Rate of hydrogenation [mol Hz (mol Rh hy™]

400 +———7———

300

200 -

100

2.0x10-4 TMAP o
0+ .
D
Lil®
0.0 T T T T T T T T T v T 4 1 M L] M 1 T L] T T
0.0 50x104  1.0x103  1.5x10°  2.0x103  25x103 3 4 5 6 7 8 9
Concentration of complex 5 [mol dm™®] pH

Figure 2 Dependencef the rate of hydrogenationof allyl

alcohol on the concentrationof complex 5. Conditions:

CH,=CHCH,OH, 10mmol; H,0, 15cm® p(H,) =0.1MPa;
T=305K. /5, [N(CH3)].l/5 andLil/ 5 = 3:1.

Copyright© 1999JohnWiley & Sons,Ltd.

Figure 3 Dependencen pH of the rate of hydrogenatiorof
allyl alcohol catalyzedby 5. Conditions:5 0.005mmol; H5O,
15¢cm®, CH,=CHCH,OH, 10mmol; p(Hz) =0.1MPa;
T=305K. Catalyst/substrate 0.0005:1(0.05%).

Appl. OrganometalChem.13, 829-836(1999)
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Rate of hydrogenation [mol H, (mol Rh hy’]
180

Rate of hydrogenation [mol H, (mol Rh h)]

160:
140—.
120—.
100

80

60 4

40 N ——
0 1 2 3 4 5 8 7
Substrate concentration [mol dm™]

Figure 4 Dependencef the rate of hydrogenationof allyl

alcoholcatalyzedby 5 on substrateconcentrationConditions:
5, 0.005mmol; H,O, 15cm®, substrate CH,=CHCH,OH

10mmol; p(H,) = 0.1MPa; T =305K.

theseconctcoordinationsphereor evencoordinated
with rhodiumcomplexesontainingtpaor Rtpa'l ~
ligands (R=Me, Et, Pr) via the nitrogen atom.
Considerableenhancementf the hydrogenation
rate was observed after addition of cobalt(ll)
compoundsActivities of rhodium/cobaltcatalytic
systems increase in the series: [Co(-
H20)6]C|2 < [CO(H20)6]804 < CO(CH‘?,COO)Z4'
H,0. Unfortunately we arenotasyetableto obtain
a binuclear complex with rhodium and cobalt
central atoms. However, formation of N---H—
O(H)—Co, N- - . H—0O—C(Me)—G—Co or simi-
lar hydrogenbondsis alsopossible Both coordina-
tion of cobalt(ll) with the N atom of the mtpa*
ligandandformationof hydrogerbondscanchange
the activity of the catalytic systemsbecauseahese
interactions influence (¢)-donor and m-acceptor
propertiesof the Ehosphineligand andthe pK, of
the Co(H,0)5(N)>" moiety. The addition of salts
can lead to the stabilization of phosphinecom-
plexes becauseof formation of an organized
network of phosphine—cation—aniomteractions.
The most active catalytic systemwas obtainedin
the presencef cobalt(ll) acetateat a Rh: Co ratio
of 1:1 (TOF=276; Fig. 5). Very importantis the
influence of CH;COO ions on the catalytic
activity of complex5. Addition of 2 mol of NaOAc
permol of 5 enhancethe TOFfor hydrogenatiorof
allyl alcoholfrom 167to 221.This suggestshatin
the caseof Co(OAc), boththe Co?* cationandthe
OAc™ anion play crucial roles in the increasein

Copyright © 1999JohnWiley & Sons,Ltd.
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Figure 5 Dependencef the rate of hydrogenationof allyl
alcohol on the Co**/5 ratio. Conditions:5, 0.005mmol; H,0,
15¢cm’; CH,=CHCH,OH, 10mmol; p(H,)=0.1MPa;
T=305K.

catalytic activity. Complexes2 and 5 containing
iodo ligandsare bettercatalystsfor hydrogenation
of C=C bondsthanchlorocomplexesincetherate
of hydrogenatiorof allyl alcoholin the presencef

[RhCI(CO)(mtpd Cl7),] or [RhCI(CO)(mt@'-

Cl7)3] is lower in comparison with the iodo

complexes(Table 4). However, excessof iodide,

ions diminishesthe catalytic activity of 5. After

additionof Lil, Nal, KI and[NMe4]l, the catalytic
activity of 5 strongly decreasedin this case,the

influenceof the natureof the cationis also strong
(Fig. 2). An increasen thenumberof carbonatoms
in the alkyl substituenin Rtpa'l~ alsoleadsto a

decreasén catalytic activity (Table4). Previously
an effect of salts on activity and selectivity of

RhH(CO)(tppts)®>*>?®in the hydroformylationof

alkenesand RuCh(tppts) in the hydrogenatiorof

aldehydeshad beenfound?’ The TOF valuesfor

hydroformylationof hex-1-enein the presenceof

complexe and5 are hi%her(ca 20%) thanthose
for RhH(CO)(tppts)”?*>**andthe activitiesof 2, 5

and RuCb(tppts) in the hydrogenationof alde-
hydesare comparablé&’

Complexedl, 2 and5 catalyzehydroformylation
and carboxylation of alkenes (Table 3). The
biphasicreactionof hex-1-enewith CO andH, in
H,O in the presenceof 2 gives heptan-1-al,2-
methylhexanalnd hex-2-eneand hex-3-ene.The
productof the reactioncontained29% n-aldehyde,
25%isoaldehydend45%hexenesCompound in
the presencenf excessof the phosphinecatalyzes
hydroformylation and carboxylation of alkenes.
Reaction of hex-1-enewith CO and H, in the

Appl. OrganometalChem.13, 829-836(1999)
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presenceof 2 and mtpa‘l~ in water gives n-
heptanal2-methylhexanall-heptanoi@cidand2-
methylhexanoicacid as well astracesof hexane.
Thusin the presencef excessof mtpa“l~, hex-1-
eneis slowly hydrogenatedvith H,/CO. Hydro-
carboxylation of alkenes probably proceedsvia
migratory insertionof CO into the Rh—alkyl bond
followed by nucleophilicattackof awatermolecule
or hydroxoligand on the coordinatedacyl ligand.
The formation of heptanoicacidsdoesnot occur,
owing to the migratoryinsertionof carbondioxide
(formedin thewater-gashift reaction)into the Rh—
alkyl bond becausethe same products were
obtainedin reaction of hex-1-enewith H,/CO,
(1:1); however the rate of reactionwasfive times
slower and the yield of the acids was lower in
comparisorwith the aldehydesThis indicatesthat
hydroformylation of hex-1-enein an H,/CO,
atmosphereproceedsowing to the reduction of

Complexes with mtpa“l~ show very strong
hydrophilic propertiesand thereforetheir concen-
trationin organicphasess very low in comparison
with complexescontaining the tpa ligand. Thus
they are better catalystsfor two-phasecatalytic
reactionghantpa complexes.
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