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Cationic Phos phine-imine Rho dium(l) Com plexes and Their Activity on
Catalysis of Phenylacetylene Polymerization

K. Rajender Reddy ( &5k ), Chi-Feng Lin ( bk#H% ), Gene-Hsiang Lee ( Z:§8%¢ ),
Shie-Ming Peng (&2 /5HR ), Jwu-Ting Chen (fgi/r= ) and Shiuh-Tzung Liu* (B|#&52 )
Depart ment of Chemistry, National Tai wanUni ver sity, Tai pei, Tai wan, 106, RO.C.

A seriesof phosphine-iminerho dium(l) com plexeshavebeen pre pared and char acter ized by bath spec-
troscopicand X -ray singlecrystal anal y ses. Their activ ity oncatalyticpoly merization of phenylacetylene is
investi gated. Thestudy of thesol vent ef fect on poly mer ization showsthat agueousmedium can in creasethe

productivity of poly mer.

INTRODUCTION

Due to the high m-conjugation of thecar bonchain, the
sub sti tuted polyacetylenes have been found many ap pli ca
tionsinvariousmateri als.*” Thus, devel op ment of new tran-
si tionmetal com plexesfor catal y sisof poly merizationhas
been draw ing much at tention.?® Therho dium(l) com plexes
ap pear tobereactiveinpoly merizationof a kynes. Noyori
and hiscowork ersclearly dem on stratethat themech anism
containsmi gratory inser tion of alkyneinto Rh-C bondinthe
polymerizationprocesses,® and ligand ef fect ap par ently can
providecrucial roleinsuch process.

Re cently, wehave devel oped the phosphine-imine (P~
N) ligand anditspal ladium com plexesfor cat alytic coply-
merization of CO and ethyl ene.* In this work, we re ported
theprep aration of cationic phosphine-imine (P~N) rhodium
com plexesandtheir usesinthecat alytic reaction of poly-
phenylacetyleneformation.

RESULTSANDDISCUSSION

Phosphine-imine Rhodium(l) Complexes

Thephosphine-imineligandwaspreparedaccordingto
theprocedurereportedprevi ously.™ Preparation of thephos-
phine-iminerhodium(l) complexesisil lustratedin Schemel.
Thereaction of [Rh(COD)CI], with equimolar amount of
phosphine-imine(P~N) ligand led to theligand sub sti tution
viadisproportionation at the metal center, giv ing thefor ma-
tion of therho dium com plex 1.

Whiletreat ing theabovereaction mix turewith sil ver
tetrafluoroborate at the same time, the cationic phos phine-

Scheme | Preparationof phosphine-iminerhodium(l)
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iminerhodium(l) 3 wasobtainedinstead of havingdouble
chelation. Besidesthe® P NMR spec trum of com plex1 shows
asignal at 51.8 with Jg,.p=169Hz, indi cat ing afour- coor-
dinatedrhodium species, thedetailed molecular structure
wasalsoconfirmedbyitsX-ray singlecrystal lography. Asto
structural identi fi cationfor 3, it has been achieved mainly by
spectral methods. Thevalueof Je-r, =154 Hzisinthetypi cal
rangeof afour-coordinated rho dium complex™ aswell asthe
'H NMR sig nalsdueto COD haveev i denced the co or di nat-
ingenvi ronment aroundthemetal center.

Inthepresenceof car bonmonoxide, thereactionof the
ligand P~N with [Rh(COD)CI], in THF yielded the rho-
dium(l) car bonyl complex 2. Infraredabsorptionof 2 at 1986
and 1606 cm ™ clearly showed theco or di nation of acar bonyl
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(C=0) and animine (-N=C) tothemetal center. Thecou pling
con stant (167 Hz) of rho dium-phosphorusisalsoanindi ca-
tionof four-coordinaterhodiumgeometry.™ Thedetail struc-
ture of 2 wasdeter minedby X-ray single-crystal anal y sis.

Discussion of Crystal Structures
Singlecrystalssuitablefor X-ray anal y sisof complexes
1'1/2 CH,Cl,, 2CHCl, and 3 were ob tained in each case by
slow evaporationof adi chloromethane/hex anesolutionur:
der ni tro gen at mo sphere. The crystal datafor these com-
plexesaresum marizedin Table 1, and selected bond dis-
tancesand anglesaregivenin Table2. ORTEPPlotsof 1 ~ 3
aredepictedinFigs. 1~ 3. Inall in stances, therho dium at oms
displaysasquare-planar geometry withaP~N chelation. All
P-Rh and N-Rh distancesintherangeof 2.0~2.3A and 2.11
~2.14 A re spec tively liewithin the nor mal range. The C=N
distancesareinanar row rangeof 1.276(8) ~1.288(3) A. The
an glesof P-Rh-N inthechelat ing ring of P-Rh-N-C9-C14in
al com plexeslieintherange 78.6 ~ 81.9%, whichisdevi ated
formthestan dard square-planar geomerty, presumably dueto
thelimi tation of the o-phenyl ene back bone (C9-C14). In
complex 2, the car bonyl ligand is transto theimine moi ety.
Thefor mationof singleisomerindi catesthat theP~N ligand

Table 1. Crygtd Dataof Rhodium Complexes 1 ~3

Reddy et .

Table 2. Selected Bond Digtances (A) and Angles (deg)

Compl ex 1 2 3
Rh-P 2.204(2) 2.2111(8) 2.2716(7)
Rh-P1 2.206(2)

Rh-N 2.134(5) 2.129(2) 2.111(2)
Rh-N1 2.143(5)

Rh-C1 - 1.807(3) -

N-C2 1.276(8) 1.286(4) 1.283(3)
C1-0 - 1.145(4) -
P-Rh-N 81.9(2) 80.27(7) 78.63(6)
P-Rh-P1 102.26(6) - -
P-Rh-C1 - 94.4(1)

N-Rh-C1 - 174.4(2)

ex hibitsaground-stateselectiv ity tothestereosel ectivity.
Simi lar selectivityisalsoobservedinl of which only thecis
formisobtained.

Poly mer ization of Phenylacetylene

Thecatalyticactivity inphenylacetylenepoly meriza
tion of the pre pared phos phine-iminerho dium(l) com plexes
hasbeenpreliminarily examined. Inatypi cal ex peri ment,a
round-bottom flask (25 mL) charged with catalyst (0.01

1 2 3
For mUI a C59_33H54_ 67C|4.67N 2P2Rh2 C27H 22C|3N OPRh C33H 328 F4NPRh
Diffractometer Bruker SMART Nonius CAD4 Nonius CAD4
Fw 1228.91 616.69 663.29
T 295K 295K 295K
Waveength 0.71073 A 0.71073 A 0.71073 A
Crystd system monoclinic triclinic triclinic
Space group C2/c P1- P1-
a A 40.593(1) 10.009(2) 9.926(1)
b, A 21.4176(7) 10.724(2) 10.006(2)
c, A 19.1768(6) 12.371(3) 15.587(2)
o, 90 91.36(3) 92.68(1)
B 99.560(1) 102.24(3) 98.92(1)
1 90 92.28(3) 106.61(1)
v, A3 16440.9(9) 1295.9(4) 1458.7(4)
z 12 2 2
Daiogy Mg/m® 1.489 1.580 1.510
F(000) 7488 620 676
Crystd sze 0.22%0.12 % 0.05 0.35% 0.35%0.30 0.50 * 0.36 % 0.20
Hrange 1.02 ~25.00 1.69 ~ 24.97 2.13~27.50
Refln Collected 36708 4551 6696

Independent refin.
Refined method

R[> 2a(1)]

14149 (Riy; = 0.0645)

R, = 0.0807
WR, = 0.1227

4551 (R = 00000) 6696 (R = 0.0000)

Full-matrix least-squareson F?

R, = 0.0255
WR, =0.0836

R; = 0.0319
WR, =0.0915
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mmol) wasevac u ated and flushed with ni tro genfor sev eral
times, then phenylacetylene along with sol vent was added.
Thereactionwascar ried out at 30=C for 12 h and a poly mer
wasisolated asan or angesolid by fil tration. It wasfound that
only complex 3 showsitscatalyticactivitytothepoly meriza
tion of phenylacetylene, whereas com plexes 1 and 2 ap pear
noactivityatall.

AssummarizedintheTable3, thecat alyticactivity of
complex 3 de pends on the sol vent. In tetrahydrofuran or
methanol, poly merizationunder goeswithmoder ateconver-

Fig. 2. ORTEP plot of 2.
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sion. Incontrast, no poly merizationoccursindi chlorometh
ane and acetonitrile, which are good sol ventsfor dissolving
thecat alyst. Itisno ticed that thewater can also serve asthe
mediumfor poly merization, givingmoder ateyield, al though
the com plex and the poly mer arenot sol ubleinwater. The
mixed sol vent of methanol/water or dimethylformamide/wa
ter providesmod er ateto ex cel lent conver sionto the poly
mers (entry 11 and 17). It has been reported that water-
solublerho dium com plexescan beex cel lent cat alystsfor
poly merizationof phenylacetyleneinwater.® The mixed sol-
vent for abetter conver sionispresum ably that the dissolved
rhodiumcom plexescouldbefeasibly acti vated. Theselectiw
ity of cis-stereochemistry in clined to the poly mersisob-
servedinall instances. It seemsthat thereisno obvi ouscor re-
lation of the stereo-regularity of polyphenylacetylene with
thesol vent systems. Inmixed sol vents, theselectiv ity of ste-
reo-regularity for the poly merisgener ally lower than the se-
lectivity runinasinglesol vent. It sug geststhat thetruecat &
lystsmight bedif ferentindif fer ent sol vents.

Inthiswork, we havere ported the syn the sisand struc-
tural char acter ization of the phos phine-imine (P~N) rho-
dium(l) com plexes. One of therho dium(l) com plexes, that
containsaP~N andaCOD ligandsisanef fectivecatalystfor
polyphenylacetylenefor mation. Aque ousmedium servesa
goodreactionenviornment and providesaconvenient way of
separationfor thepoly mersfromthereactionmixture.

Fig. 3. ORTEPdraw ing of cationic por tion of 3.
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Table 3. Polymerization of Phenyl acetylene Catalyzed by Rhodium(l) Complex 3
Entry monomer solvent time Conv. My PDI Ratio of cis
1 10 mmol THF 12h 30% 26318 224 98
2 10 mmol CH.Cl, 12h trace - - -
3 10 mmol CH4CN 12h trace - - -
4 10 mmol MeOH 12h 27% 29765 2.10 96
5 10 mmol MeOH 72h 37% 26851 2.04 80
6 10 mmol Neat 24 h 20% 1800 257 41
7 10 mmol H,O 12h 40% 16434 254 82
8 10 mmol H,O 24h 47% 18882 241 91
9 20 mmol H,O 24h 2% 10542 225 66
10 10 mmol MeOH/ H,O (9/1) 24h 46% 26318 224 98
11 10 mmol MeOH/ H,O (1/1) 24h 80% 27624 2.76 80
12 10 mmol MeOH/ H,O (3/7) 24 h 49% 13646 254 67
13 10 mmol 'ProH/ H,0 (1/1) 24h 21% 19816 3.64 61
14 10 mmol ‘BuOH/ H,0 (1/1) 24h 51% 27286 291 58
15 10 mmol 'BUOH/ H,0 (1/1) 12h 50% 18880 443 70
16 10 mmol DMF/ H,0 (2/3) 24h 70% 29938 1.99 74
17 10 mmol DMF/ H,0 (V1) 24h 72% 39388 215 91
18 10 mmol DEA/ H,O (1/1) 24 h 20% 33269 247 50
PDI = M,,/My; DEA = diethylamine.

EXPERIMENTALSECTION Complex 2

General Information

Sol ventsweredried by standardprocedures. IR spectra
werere corded on aBio-Rad FTS-40 spectrophotometer. The
NMR spectra were recorded on a Bruker ACE-200 or a
ACE- 300 spectrometer. For the **P NMR spec tra, the spec-
trom eter frequency at 81.015 MHz or 121.49 MHz wasem-
ployed and chemi cal shiftsaregiveninppmrel ativeto 85%
H3PO, in CDCl ;. Valuesupfield of thestandard aredefined as
negative. Thecor respondingfrequenciesfor>C NMR spec-
trawereat 50.32 MHz or 75.47 MHzfor respectivespectrom:
eters.

Complex1

[Rh(COD)CI]> (100 mg, 0.2 mmol) and P~N ligand
(150 mg, 0.41 mmol) weredissolved in 5 mL of THF and the
resultingyel low-orangesolutionstirredunder nitrogenat
roomtem per ature. Af ter LOmintherewasan or ange-red sus
pensionformed. Stirring contin uedfor 1 h, where upon more
solidfor mation wasob served. Theresulting mix turewas
evap o rated and washed with ether and dried un der vac uum
(180 mg, 90%). *H NMR (CDCl;): & 1.15 (s, 4H), 2.36 (s,
4H), 4.19 (s, 4H), 6.93-7.51 (m, 34H), 8.40 (s, 2H), 8.60 (d,
4H, J = 7.3 Hz); *PNMR (CDCl3): & 51.8 (Jrnp = 169 Hz).
Anal. Calcd for CssHs2N2Cl2P.Rh; (1115.74): C, 62.43; H,
4.70; N, 2.51. Found: C, 62.23; H, 4.59; N, 2.56.

[Rh(COD)CI], (100 mg, 0.2 mmol) and P~N ligand
(150 mg, 0.41 mmol) were dissolved in 5 mL of THF un der
COatmosphere. Theresultinglightyel low-orangesolution
wasstirred at roomtem per ature. Af ter 10 mintherewasayek
low solid for mation. Stirring contin ued for 1 h, where upon
moresolidfor mationwasob served. Theresulting mix ture
wasevap o rated and washed with ether and dried un der vac
uum (200 mg, 92%). IR (KBr): 1986 (C=0), 1606 (C=N);
'H NMR (CDCl,): fi 7.11-7.69 (m, 17H), 8.62 (m, 3H); 3P
NMR (CDCly): & 54.2 (Jgnp = 167 Hz). Anal. Calcd for
C26H20NCIOPRN: C, 58.72; H, 3.79; N, 2.63. Found: C,
58.58; H, 3.92; N, 2.49.

Complex 3

[Rh(COD)Cl]. (100 mg, 0.2 mmol) and P~N ligand
(150 mg, 0.41 mmol) were dissolved in 5 mL of THF un der
ni tro gen at mo sphere. 76 mg (0.2 mmol) of AgBF dissolved
in 2 mL of acetonitrilewasadded im medi ately to the above
reaction mix tureand stirred at roomtem per aturefor 30 min.
AgCl precipi tatewasfil teredandtheor ange-yellow solution
was evap o rated to dry ness and washed with ether, which re-
sulted in a yel low solid (220 mg, 83%). IR (KBr): 1606
(C=N)."HNMR (CDCly); §1.94 (s, 2H), 2.13 (s, 4H), 2.42 (s,
2H), 4.17 (s, 2H), 4.64 (s, 2H), 7.20-8.04 (m, 17H), 8.69 (d,
2H), 8.87 (s, 1H);**PNMR (CDCls): § 34.7 (Jrn-p = 154 HZ).
Anal. Calcd for C33H3,NPBF4Rh (663.3): C, 59.75; H, 4.86;
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N, 2.11. Found: C, 59.68; H, 4.91; N, 2.06. FABMS: 576.1
(M").

Poly mer ization of Phenylacetylene

To a25 mL round-bottom flask was charged with rho-
diumcatalyst (0.01 mmol), whichwasevacuated andflashed
with ni tro gen threetimes. Sol vent (10 mL) was added with
stir ringtodissolvethecat alyst and then phenylacetylene(1.1
mL, 10 mml) wasinjected through septum. Thereactionflask
wasim mersed into awater bath, which waskept at 30~C. Af-
ter reaction was stopped, the polymer was filtered and
re-dissolvedindi chloromethaneandprecipi tatedby addi tion
intomethanol. All resultsaresummarizedin Table3.
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