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A se ries of phos phine-imine rho dium(I) com plexes have been pre pared and char ac ter ized by both spec -
tro scopic and X-ray sin gle crys tal anal y ses. Their ac tiv ity on cat a lytic poly mer iza tion of phenylacetylene is
in ves ti gated. The study of the sol vent ef fect on poly mer iza tion shows that aque ous me dium can in crease the
pro duc tiv ity of poly mer.

IN TRO DUC TION

Due to the high -con ju ga tion of the car bon chain, the
sub sti tuted polyacetylenes have been found many ap pli ca -
tions in var i ous ma te ri als.1-7 Thus, de vel op ment of new tran -
si tion metal com plexes for ca tal y sis of poly mer iza tion has
been draw ing much at ten tion.2-9 The rho dium(I) com plexes
ap pear to be re ac tive in poly mer iza tion of al kynes. Noyori
and his co work ers clearly dem on strate that the mech a nism
con tains mi gra tory in ser tion of alkyne into Rh-C bond in the
poly mer iza tion pro cesses,8 and ligand ef fect ap par ently can
pro vide cru cial role in such pro cess.

Re cently, we have de vel oped the phos phine-imine (P~
N) ligand and its pal la dium com plexes for cat a lytic coply -
merization of CO and eth yl ene.10 In this work, we re ported
the prep a ra tion of cationic phos phine-imine (P~N) rho dium
com plexes and their uses in the cat a lytic re ac tion of poly -
phenylacetylene for ma tion.

RE SULTS AND DIS CUS SION

Phos phine-imine Rho dium(I) Com plexes
The phos phine-imine ligand was pre pared ac cord ing to

the pro ce dure re ported pre vi ously.10  Prep a ra tion of the phos -
phine-imine rho dium(I) com plexes is il lus trated in Scheme I.
The re ac tion of [Rh(COD)Cl]2  with equimolar amount of
phos phine-imine (P~N) ligand led to the ligand sub sti tu tion
via disproportionation at the metal cen ter, giv ing the for ma -
tion of the rho dium com plex 1.

While treat ing the above re ac tion mix ture with sil ver
tetrafluoroborate at the same time, the cationic phos phine-

 imine rho dium(I) 3 was ob tained in stead of hav ing dou ble
chelation. Be sides the 31P NMR spec trum of com plex 1 shows
a sig nal at 51.8 with JRh-P = 169 Hz, in di cat ing a four- coor -
dinated rho dium spe cies, the de tailed mo lec u lar struc ture
was also con firmed by its X-ray sin gle crys tal log ra phy. As to
struc tural iden ti fi ca tion for 3, it has been achieved mainly by
spec tral meth ods. The value of JP=Rh = 154 Hz is in the typ i cal
range of a four-coordinated rho dium com plex11 as well as the
1H NMR sig nals due to COD have ev i denced the co or di nat -
ing en vi ron ment around the metal cen ter.

In the pres ence of car bon mon ox ide, the re ac tion of the
ligand P~N with [Rh(COD)Cl]2 in THF yielded the rho -
dium(I) car bonyl com plex 2. In fra red ab sorp tion of 2 at 1986
and 1606 cm -1  clearly showed the co or di na tion of a car bonyl
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(C O) and an imine (-N=C) to the metal cen ter. The cou pling
con stant (167 Hz) of rho dium-phosphorus is also an in di ca -
tion of four-coordinate rho dium ge om e try.11 The de tail struc -
ture of 2 was de ter mined by X-ray sin gle-crystal anal y sis.

Dis cus sion of Crys tal Struc tures
Sin gle crys tals suit able for X-ray anal y sis of com plexes 

1.1/2 CH2Cl2, 2.CH2Cl2 and 3 were ob tained in each case by
slow evap o ra tion of a di chloro methane/hex ane so lu tion un -
der ni tro gen at mo sphere. The crys tal data for these com -
plexes are sum ma rized in Ta ble 1, and se lected bond dis -
tances and an gles are given in Ta ble 2. ORTEP Plots of 1 ~ 3
are de picted in Figs. 1 ~ 3. In all in stances, the rho dium at oms 
dis plays a square-planar ge om e try with a P~N chelation. All
P-Rh and N-Rh dis tances in the range of 2.0 ~ 2.3 Å and 2.11
~ 2.14 Å re spec tively lie within the nor mal range. The C=N
dis tances are in a nar row range of 1.276(8) ~ 1.288(3) Å. The
an gles of P-Rh-N in the che lat ing ring of P-Rh-N-C9-C14 in
all com plexes lie in the range 78.6 ~ 81.9 , which is de vi ated
form the stan dard square-planar geomerty, pre sum ably due to 
the lim i ta tion of the o-phenyl ene back bone (C9-C14). In
com plex 2, the car bonyl ligand is trans to the imine moi ety.
The for ma tion of sin gle iso mer in di cates that the P~N ligand

ex hib its a ground-state se lec tiv ity to the stereoselectivity.
Sim i lar se lec tiv ity is also ob served in 1 of which only the cis
form is ob tained.

Poly mer iza tion of Phenylacetylene
The cat a lytic ac tiv ity in phenylacetylene poly mer iza -

tion of the pre pared phos phine-imine rho dium(I) com plexes
has been pre lim i nar ily ex am ined. In a typ i cal ex per i ment, a
round-bottom flask (25 mL) charged with cat a lyst (0.01
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Table 1. Crystal Data of Rhodium Complexes 1 ~ 3

1 2 3

Formula C59.33H54.67Cl4.67N2P2Rh2 C27H22Cl3NOPRh C33H32BF4NPRh
Diffractometer Bruker SMART Nonius CAD4 Nonius CAD4
Fw 1228.91 616.69 663.29
T 295K 295K 295K
Wavelength 0.71073 Å 0.71073 Å 0.71073 Å
Crystal system monoclinic triclinic triclinic
Space group C2/c P1- P1-
a, Å 40.593(1) 10.009(2) 9.926(1)
b, Å 21.4176(7) 10.724(2) 10.006(2)
c, Å 19.1768(6) 12.371(3) 15.587(2)

90 91.36(3) 92.68(1)
99.560(1) 102.24(3) 98.92(1)
90 92.28(3) 106.61(1)

V, Å3 16440.9(9) 1295.9(4) 1458.7(4)
Z 12 2 2
Dcalcd, Mg/m3 1.489 1.580 1.510
F(000) 7488 620 676
Crystal size 0.22 0.12 0.05 0.35 0.35 0.30 0.50 0.36 0.20

range 1.02 ~ 25.00 1.69 ~ 24.97 2.13 ~ 27.50
Refln Collected 36708 4551 6696
Independent refln. 14149 (Rint = 0.0645) 4551 (Rint = 0.0000) 6696 (Rint = 0.0000)
Refined method Full-matrix least-squares on F2

R [I > 2 (I)] R1 = 0.0807 R1 = 0.0255 R1 = 0.0319
wR2 = 0.1227 wR2 = 0.0836 wR2 = 0.0915

Table 2. Selected Bond Distances (Å) and Angles (deg)

Complex 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) 1.288(3)
C1-O - 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(1)



mmol) was evac u ated and flushed with ni tro gen for sev eral
times, then phenylacetylene along with sol vent was added.
The re ac tion was car ried out at 30 C for 12 h and a poly mer
was iso lated as an or ange solid by fil tra tion. It was found that
only com plex 3 shows its cat a lytic ac tiv ity to the poly mer iza -
tion of phenylacetylene, whereas com plexes 1 and 2 ap pear
no ac tiv ity at all.

As sum ma rized in the Ta ble 3, the cat a lytic ac tiv ity of
com plex 3 de pends on the sol vent. In tetrahydrofuran or
meth a nol, poly mer iza tion un der goes with mod er ate con ver -

sion. In con trast, no poly mer iza tion oc curs in di chloro meth -
ane and acetonitrile, which are good sol vents for dis solv ing
the cat a lyst. It is no ticed that the wa ter can also serve as the
me dium for poly mer iza tion, giv ing mod er ate yield, al though
the com plex and the poly mer are not sol u ble in wa ter. The
mixed sol vent of meth a nol/wa ter or dimethylformamide/wa -
ter pro vides mod er ate to ex cel lent con ver sion to the poly -
mers (en try 11 and 17). It has been re ported that wa ter-
 soluble rho dium com plexes can be ex cel lent cat a lysts for
poly mer iza tion of phenylacetylene in wa ter.9 The mixed sol -
vent for a better con ver sion is pre sum ably that the dis solved
rho dium com plexes could be feasibly ac ti vated. The se lec tiv -
ity of cis-stereochemistry in clined to the poly mers is ob -
served in all in stances. It seems that there is no ob vi ous cor re -
la tion of the ste reo-regularity of polyphenylacetylene with
the sol vent sys tems. In mixed sol vents, the se lec tiv ity of ste -
reo-regularity for the poly mer is gen er ally lower than the se -
lec tiv ity run in a sin gle sol vent. It sug gests that the true cat a -
lysts might be dif fer ent in dif fer ent sol vents.

In this work, we have re ported the syn the sis and struc -
tural char ac ter iza tion of the phos phine-imine (P~N) rho -
dium(I) com plexes. One of the rho dium(I) com plexes, that
con tains a P~N and a COD lig ands is an ef fec tive cat a lyst for
polyphenylacetylene for ma tion. Aque ous me dium serves a
good re ac tion enviornment and pro vides a con ve nient way of
sep a ra tion for the poly mers from the re ac tion mix ture.
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Fig. 1.  ORTEP plot of the cationic por tion of 1.

Fig. 2.  ORTEP plot of 2. Fig. 3.  ORTEP draw ing of cationic por tion of 3.



EX PER I MEN TAL SEC TION

Gen eral In for ma tion
Sol vents were dried by stan dard pro ce dures. IR spec tra

were re corded on a Bio-Rad FTS-40 spectrophotometer. The
NMR spec tra were re corded on a Bruker ACE-200 or a
ACE- 300 spec trom e ter. For the 31P NMR spec tra, the spec -
trom e ter fre quency at 81.015 MHz or 121.49 MHz was em -
ployed and chem i cal shifts are given in ppm rel a tive to 85%
H3PO4  in CDCl3. Values up field of the stan dard are de fined as 
neg a tive. The cor re spond ing fre quen cies for 13C NMR spec -
tra were at 50.32 MHz or 75.47 MHz for re spec tive spec trom -
e ters.

Com plex 1
[Rh(COD)Cl]2  (100 mg, 0.2 mmol) and P~N ligand

(150 mg, 0.41 mmol) were dis solved in 5 mL of THF and the
re sult ing yel low-orange so lu tion stirred un der ni tro gen at
room tem per a ture. Af ter 10 min there was an or ange-red sus -
pen sion formed. Stirring con tin ued for 1 h, where upon more
solid for ma tion was ob served. The re sult ing mix ture was
evap o rated and washed with ether and dried un der vac uum
(180 mg, 90%). 1H NMR (CDCl3):  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); 31P NMR (CDCl3):  51.8 (JRh-P = 169 Hz).
Anal. Calcd for C58H52N2Cl2P2Rh2 (1115.74): C, 62.43; H,
4.70; N, 2.51. Found: C, 62.23; H, 4.59; N, 2.56.

Com plex 2
[Rh(COD)Cl]2  (100 mg, 0.2 mmol) and P~N ligand

(150 mg, 0.41 mmol) were dis solved in 5 mL of THF un der
CO at mo sphere. The re sult ing light yel low-orange so lu tion
was stirred at room tem per a ture. Af ter 10 min there was a yel -
low solid for ma tion. Stirring con tin ued for 1 h, where upon
more solid for ma tion was ob served. The re sult ing mix ture
was evap o rated and washed with ether and dried un der vac -
uum (200 mg, 92%). IR (KBr): 1986 (C O), 1606 (C=N);
1H NMR (CDCl3):  7.11-7.69 (m, 17H), 8.62 (m, 3H); 31P
NMR (CDCl3):  54.2 (JRh-P = 167 Hz). Anal. Calcd for
C26H20NClOPRh: C, 58.72; H, 3.79; N, 2.63. Found: C,
58.58; H, 3.92; N, 2.49.

Com plex 3
[Rh(COD)Cl]2  (100 mg, 0.2 mmol) and P~N ligand

(150 mg, 0.41 mmol) were dis solved in 5 mL of THF un der
ni tro gen at mo sphere. 76 mg (0.2 mmol) of AgBF4  dis solved
in 2 mL of acetonitrile was added im me di ately to the above
re ac tion mix ture and stirred at room tem per a ture for 30 min.
AgCl pre cip i tate was fil tered and the or ange-yellow so lu tion
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). 1H NMR (CDCl3);  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); 31P NMR (CDCl3):  34.7 (JRh-P = 154 Hz).
Anal. Calcd for C33H32NPBF4Rh (663.3): C, 59.75; H, 4.86;
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Table 3. Polymerization of Phenylacetylene Catalyzed by Rhodium(I) Complex 3

Entry monomer solvent time Conv. MN PDI Ratio of cis

1 10 mmol THF 12 h 30% 26318 2.24 98
2 10 mmol CH2Cl2 12 h trace - - -
3 10 mmol CH3CN 12 h trace - - -
4 10 mmol MeOH 12 h 27% 29765 2.10 96
5 10 mmol MeOH 72 h 37% 26851 2.04 80
6 10 mmol Neat 24 h 20% 1800 2.57 41
7 10 mmol H2O 12 h 40% 16434 2.54 82
8 10 mmol H2O 24 h 47% 18882 2.41 91
9 20 mmol H2O 24 h 42% 10542 2.25 66
10 10 mmol MeOH/ H2O (9/1) 24 h 46% 26318 2.24 98
11 10 mmol MeOH/ H2O (1/1) 24 h 80% 27624 2.76 80
12 10 mmol MeOH/ H2O (3/7) 24 h 49% 13646 2.54 67
13 10 mmol iPrOH/ H2O (1/1) 24 h 21% 19816 3.64 61
14 10 mmol tBuOH/ H2O (1/1) 24 h 51% 27286 2.91 58
15 10 mmol tBuOH/ H2O (1/1) 12 h 50% 18880 4.43 70
16 10 mmol DMF/ H2O (2/3) 24 h 70% 29938 1.99 74
17 10 mmol DMF/ H2O (1/1) 24 h 72% 39388 2.15 91
18 10 mmol DEA/ H2O (1/1) 24 h 20% 33269 2.47 50

PDI = Mw/MN; DEA = diethylamine.



N, 2.11. Found: C, 59.68; H, 4.91; N, 2.06. FABMS: 576.1
(M+).

Poly mer iza tion of Phenylacetylene
To a 25 mL round-bottom flask was charged with rho -

dium cat a lyst (0.01 mmol), which was evac u ated and flashed
with ni tro gen three times. Sol vent (10 mL) was added with
stir ring to dis solve the cat a lyst and then phenylacetylene (1.1
mL, 10 mml) was in jected through sep tum. The re ac tion flask 
was im mersed into a wa ter bath, which was kept at 30 C. Af -
ter re ac tion was stopped, the poly mer was fil tered and
re-dissolved in di chloro methane and pre cip i tated by ad di tion
into meth a nol. All re sults are sum ma rized in Ta ble 3.
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