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Scheme 2 Synthesis of NHC rare earth metal complexes 1-4.

Here we report the synthesis and characterization of
pyrimidinium based N-heterocyclic carbene rare earth metal
complexes as well as the comparison of activities with
imidazolinium based NHC counterparts toward the polymerization
of n-hexyl isocyanate. The mechanism of the initiation step of the
polymerization was also studied by NMR analysis.

Results and discussion

Synthesis and characterization of complexes 1-4

The ligand used in this work was designed and synthesized easily.
N,N'-bis(3,5-di-tert-2-hydroxyphenylmethyl)propylenediimine ~ was
obtained by the reaction of 3,5-di-fert-butylsalicylaldehyde with 1,2-
propanediamine in ethanol at reflux temperature, and then reduced
by NaBH, to give the corresponding diamine." Finally, the
bis(phenolate) NHC  precursor, N,N’-bis(3,5-di-tert-butyl-2-
hydroxyphenylmethyl)pyrimidinium chloride (L.1) was synthesized
by treatment of diamine with HCl and CH(OEt); at reflux

temperature (Scheme 1).
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Scheme 1 Synthesis of L1

Complex 1 was synthesized by treatment of L1 with 1 equiv of
KN(SiMe;), and half equiv of Nd[N(SiMes),] in THF at -30°C
(Scheme 2). The ORTEP diagram is depicted in Fig. 1 with the
selected bond lengths and angles. The ligand coordinates to Nd in a
tridentate mode, with two oxygens on the aryloxo groups and Ceypene
on the six-membered ring.

The geometry of the potassium atom is planar with two oxygens on
one ligand and one oxygen on THF molecule. The central metal Nd
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is six-coordinated by the geometry of distorted octahedron, with O1,
02, 04 and C45 (linking to N3 and N4) occupying the equatorial
positions and O3, Cl1 occupying the axial positions of the
octahedron. The similar structure of imidazolinium based NHC
complexes has been reported by us and here we employ the
complexes for comparison (Scheme 2, complexes 5-8). The
average bond length of Nd-C_ypene 2.759 A falls in the range of the
published literatures,’® ™ 3 5 glightly longer than that of the

imidazolinium based NHC Nd complex (2.716 A). The bond angle
0of N-Camene-N increases from 107.2° of imidazolinium based NHC
to 116.3° of pyrimidinium based NHC complex 1.

Fig. 1 X-ray structure of complex 1, with 30% probability thermal
ellipsoids. Hydrogen atoms and tert-butyl groups are omitted for
clarity.Selected bond distances (A) and angles (°) of 1: Nd1-01
2.226(2), Nd1-02 2.267(2), Nd1-03 2.315(2), Nd1-04 2.339(2), Nd1-
C11 2.750(4), Nd1-C45 2.767(3), K1-03 2.727(2), K1-04 2.766(2),
K1-05 2.696(3), N1-C11 1.346(4), N2-C11 1.335(4); O1-Nd1-02
102.87(8), 03-Nd1-04 89.20(8), C11-Nd1-C45 88.99(10), O1-Nd1-
C11 82.06(9), 02-Nd1-C11 80.13(9), O3-Nd1-C45 77.43(9), O4-Nd1-
C45 73.23(9), 03-K1-04 73.01(7), 03-K1-0O5 128.47(8), 04-K1-0O5
151.82(8), N1-C11-N2 116.3(3)

The average bond length of the Nd-O on the ligand which the
oxygens link to the potassium atom is 2.326 A, longer than the Nd-O
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distance (2.246 A) on the other ligand. The average bond length of
K-O is 2.729 A. The tridentate ligand bends to half a circle when
coordinated to the metal center and the ligand without the binding
force of potassium opens wider with the bond angle of O1-Nd1-O2
at 102.9° in contrast with the 89.2° of O3-Nd-O4.

Complex 2 was synthesized in a similar way. Suitable crystals for X-
ray diffraction were not obtained. NMR analysis could not be
performed on Nd complex 1 due to the paramagnetic properties and
complex 2 was characterized by 'H(C) NMR analysis. The
chemical shift of the '"H NMR spectrum moved downfield towards
the ligand with potassium ion due to the electron-withdrawing effect
of the alkali metals. The methene hydrogen [CH,-Ar] linking the
phenyl ring on the ligand with potassium ion showed high chemical
shift at 6 5.4-6.3 in comparison with that of § 2.8-3.8 the counterpart
at the other ligand. The formation of Y-C.ypene bond could be
observed obviously by "H(*C) NMR spectra. The resonance of the
hydrogen on the six-membered ring (C2) was at 8 8.72 in CDCl; and
the resonance peak diminished after deprotonation by KN(SiMe;),
and coordination with yttrium. The high C.,pene resonance appeared
at & 211.37 and 211.99. Complexes 1-2 were soluble in THF and
toluene and partially soluble in hexane.

ellipsoids. Hydrogen atoms and tert-butyl groups are omitted for
clarity. Selected bond distances (A) and angles (°) of 3: Sm1-03
2.183(3), Sm1-05 2.199(3), Sm1-01 2.199(3), Sm1-Cl1 2.851(11),
Sm1-Cl2 2.858(11), Sm1-CI3 2.872(11), N1-C11 1.312(6), N2-C11
1.306(6), 03-Sm1-05 102.86(11), 03-Sm1-01 101.60(11), O5-Sm1-
01 104.59(11), 03-Sm1-Cl1 96.70(8), 05-Sm1-Cl1 157.89(8), O1-
Sm1-Cl1 81.13(8), 03-Sm1-CI2 158.49(9), 05-Sm1-Cl2 81.38(8), O1-
Sm1-Cl2 97.58(8), Cl1-Sm1-CI2 76.66(3), 03-Sm1-CI3 83.02(9), O5-
Sm1-ClI3 96.38(8), 01-Sm1-Cl3 156.76(8), Cl1-Sm1-CI3 75.70(3), Cl2-
Sm1-CI3 75.53(3), Sm2-Cl1-Sm1 89.80(3), Sm2-Cl2-Sm1 89.52(3),
Sm1-CI3-Sm2 88.80(3), N2-C11-N1 124.7(4).

Complex 3 was synthesized by treatment of a stirring solution
of L1 with Sm[N(SiMej),]; or Sm[N(SiMe;3),]3-p-CIl-Li(THF); in
THF at room temperature for 1 day. Complex 3 was soluble in THF
and had a poor solubility in toluene and hexane. Without the addition
of strong base KN(SiMe;),, the hydrogen on the NHC ring of the
NHC precusor could not be abstracted. The two Sm metal centers
were also bridged by the three chloride ions from the ligand and
forming the pyrimidinium-bridged rare earth metal complex. The
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solid structures of complex 3 were detected by single-crystal X-ray
diffraction analysis. ORTEP drawing, bond lengths and angles are
compiled in Fig. 2. Three ligands coordinate to two metal centers in
a bidentate mode. The geometry at the metal center Sm is best
described as a trigonal antiprism, with three oxygens from the three
ligands on one plane and three chlorides on the other plane. On the
bridged six-membered ring, the bond angle of N1-C11-N2 is 124.7°,
larger than the 116.3° of complex 1, and larger than the 114.7° of
imidazolinium based NHC complex 5. In complex 3, the bond
angles of Sm1-Cl-Sm2 are between 88.8-89.8°, slightly smaller than
the 90.9-91.6° in imidazolinium based NHC Sm complex 8;¥ the
sum of CI-Sm1-Cl is 227.9°, larger than that of 223.9° in complex
and shows a more contact structure in complex 3. The hydrogens
(NCHN, NCHH-Ar) have some interactions with chlorides. C-
H:--Cl hydrogen bond lengths ranges from 2.64 to 2.83 A with the
bond angles of C-H:--Cl ranges from 137.6 to 158.1° in the solid
the C-H:---Cl
interactions.'® Complex 4 was synthesized by the same method with
complex 3, using Y[N(SiMejs),]; instead. "H(®*C) NMR analysis was
performed on complex 4 in THF-ds. The "H NMR spectrum shows
that the resonances of a half hydrogens on the methene (NCHH-Ar)
occur at § 6.47, 6.50 due to the C-H---Cl interaction, and the methine
H on the ring (NCHN) occurs at § 9.63. The resonance of the other
half hydrogens on the methene (NCHH-Ar) which do not participate
in the C-H---Cl interaction occur at & 3.57, 3.59. The *C NMR
spectrum shows that the resonance of the methine carbon (NCHN)
occurs at & 153.41.

All the complexes are air and moisture sensitive.

structure, showing some characteristics of

Polymerization of n-hexyl isocyanate

The relationship of structure and catalytic activity of these rare
earth metal complexes were studied and the polymerization data
were listed in Table 1. All of the polyisocyanates obtained showed
very high molecular weight (up to 10°) with narrow molecular
weight distribution (M,/M, = 1.7-2.3) when using toluene as the
solvent and the yield could exceed 60%. The pyrimidinium based
NHC rare earth complexes 1-2 and imidazolinium based NHC rare
5-7 exhibited high activities the
polymerization of n-hexyl isocyanate in comparatively mild

earth complexes toward
conditions compared with that of the anionic polymerizations.
However, non-NHC rare earth complexes 3, 4, 8 showed no activity,
which probably suggested the NHC moiety played an important role
in the polymerization. The polymerization rate was very fast with
considerable viscosity of the solution upon the addition of the
catalyst. Thus, adequate toluene solvent was considered to slow
down the polymerization process for the sake of a well dispersion of
the complexes in the polymerization system as well as a better
control of the polymerization and an easier comparison of the
structure and activity among the complexes. Complex 5 was
employed to optimize the polymerization condition of n-hexyl
isocyanate. Polymerization temperature exerted great influence on
the activity and lower temperature facilitated the polymerization
with -20 °C giving the highest polymerization yield (entry 11).
Polymerization of n-hexyl isocyanate could be performed at 0 °C
with relatively low yield as was observed in entry 9.
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Table 1 Polymerization of n-hexyl isocyanate catalyzed by complex 1-2, 5-7°

Entry Complex [[/[M], Temp.(°C) ¢ (min) yield® 10* Mn® M IM,C
1 1 1:700 20 1 28 58 221
2 1 1:700 220 5 57 59 2.20
3 1 1:700 220 10 60 62 221
4 1 1:700 -20 30 64 69 223
5¢ 1 1:700 -20 30 63 49 2.32
6 1 1:700 20 15 9 35 2.50
7 2 1:700 20 360 97 1.91
8¢ 2 1:700 20 5 15 83 1.85
9 5 1:700 0 30 18 80 1.80
10 5 1:700 -10 30 45 92 1.76
11 5 1:700 220 30 64 99 1.72
12 5 1:700 -30 30 59 97 1.71
13 5 1:700 -20 5 33 74 1.84
14 5 1:700 -20 15 48 98 171
15 5 1:700 20 120 60 98 1.77
16 5 1:500 -20 30 63 78 1.89
17 5 1:1000 -20 30 41 106 1.84
18 6 1:700 -20 120 10 93 1.84
19 6 1:700 -20 360 18 92 1.90
20 7 1:700 -20 30 34 102 1.80
21 7 1:700 20 60 59 101 1.78
22 7 1:700 20 120 62 97 1.83

General polymerization conditons: toluene as the solvent, [n-hexyl isocyanate] = 1 M. . ®Yield: (weight of polymer obtained)/(weight of
monomer used). “Measured by GPC relative to polystyrene standards. d[n-hexyl isocyanate] = 10 M, toluene as the solvent. *Polymerizedin

THF.

The polymerization of isocyanate displayed celling temperature
effects and monomer to trimer transformation might exist which
decreased the yield.”® The monomer/complex ratio could rise to 1000
with the yield exceeding 40% (entry 17). The polymerization yield
could reach 57% in 5 minutes catalyzed by the pyrimidinium based
NHC complex 1 (entry 2), exhibiting a higher catalytic activity than
the imidazolinium based one which might indicate the higher
activity of the pyrimidinium based NHC and the easier breakage of
the rare earth metal carbene bond. However, the polymers obtained
by complex 1 gave lower molecular weights and comparatively
the
polymerization decreased greatly using the polar solvent THF

wider molecular weight distributions. The activity of
instead which could be reasonably explained by the completion of
the THF molecule with monomer for coordination at the high
oxophilic affinitive metal center (entry 6)."”

The catalytic activities of the yttrium complexes were obviously
decreased due to the steric effect caused by the much smaller radius
of the metal and the pyrimidinium based NHC showed much steric
hindrance and reduced the activity. However, the yield could reach
15% in 5 minutes in a higher monomer concentration catalyzed by
the yttrium complex 2 (entry 8). For the imidazolinium based NHC
Sm complex, the catalytic activity was high but lower than that of
complex 5. The yield could exceed 60% within 2 hours by both Nd
complexes and small radius Sm complex. The magnitude of the
activity of different rare earth metal complexes was in line with the
radius of the rare earth metal (Nd > Sm > Y). Complexes with
suitable metal radius provided enough room for the coordination of

This journal is © The Royal Society of Chemistry 20xx

the monomers at the metal center.
Previously, lanthanum isopropoxide’® and phenolate rare earth

metal complexes'®

were found active for the polymerization of n-
hexyl isocyanate. Surprised by the inactivity of the bis(phenolate)
non-NHC rare earth metal complexes toward the polymerization of
n-hexyl isocyanate which suggested the Ln-O bond could not
catalyze the polymerization, we further researched the mechanism of
the initiation of polymerization by the NHC complexes. The
initiation step of the polymerization by the NHC complex 2 was
monitored by NMR analysis. The '"H NMR spectrum was shown in
Fig. 3 and the ligand with potassium ion was omitted for clarity. The
electron-withdrawing effect of potassium ion could be seen by
chemical shifts of hydrogen on the ligands, so the potassium ion
linked to the second ligand all the time. The function of NHC moiety
in the initiation was observed by the in situ '"H NMR analysis in
abstracting the one hydrogen after the bond breakage of the yttrium-
NHC. The most striking evidence of the hydrogen abstraction of
NHC was the hydrogen H* found at § 8.78 on the 'H NMR spectrum.
Meanwhile, the high resonance of the C.ypepe that was supposed to
appear at 8 211.68 and 216.89 in toluene-dg disappeared on the "*C
NMR spectrum (Fig. s11). This pattern of initiation was rare, but can
also be found in the initiation of L-Lactide polymerization by the
imidazolinium based NHC complexes 5-7 in which the free NHC
abstracted the methine hydrogen of L-Lactide.” For the convenience
of judgment of the signals of the hydrogen and carbon on the spectra,
two online 'H("*C) NMR spectra were performed with one of
complex nearly all participated in the initiation and the other of

J. Name., 2013, 00, 1-3 | 4
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complex a small amount participated. The two-dimensional NMR
spectra '"H-"H COSY and 'H-"*C HSQC were also performed on the
polymerization system with a small amount of complex participated
in the initiation (Fig. 4 and see supporting info, Fig.s12-14).

N-hexyl isocyanate was thought to provide the hydrogen
resource. After hydrogen-abstraction, the hydrogen left H' on the
chiral carbon occurred at  4.27, 4.02 and the methene signals were
coupled with protons H' (8 1.97) on adjacent carbon (Fig. 4). The
signals of the chiral carbon on the '*C NMR spectrum were at &
45.62, 44.87 (see details of comparison in supporting info, Fig. s 10-
11 and "H-"*C HSQC Fig. s14). The signal at § 3.25 was assigned to

H¥, which was coupled with H' and H’ on the "H-"H COSY spectrum.

The proposed mechanism was shown in Scheme 3, and the second
ligand with potassium ion of the complex was omitted for clarity.

h

bm reroL
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COMMUNICATION

The integration of abstracted hydrogen is in proportion (1:4) to that
of the hydrogen on the phenyl, so both the ligands participated in the
initiation. After abstraction, the carbanion was thought to be the
initiating species in the polymerization by—the—monemer
eoordination-insertion—antonic—mechanism. The polymerization was
terminated by adding excess methanol.

Small amount of n-hexyl isocyanate was found compared with
the "H NMR spectrum of the n-hexyl isocyanate in toluene-dy (see
supporting info, Fig. s7). The conversion of n-hexyl isocyanate to
cyclic trimer as a result of back-biting reaction was thought to
decrease the yield of polymerization. A large amount of trimers
existed in this system."*™ ' Some remaining unreacted NHC yttrium
complex existed in this system and could be identified.

thf

S ppm

Fig. 3 'H NMR spectrum of in situ polymerization of n-hexyl isocyanate initiated by complex 2 in toluene-d;s (*toluene, the ligand with K was

omitted for clarity).

o
RNCO ¢ o RNCO o H o o H o + _"17
T — N, — N, — N Ta
Ln? *Ln —
/. N=C=0 ! 0 N=C=0  MeOH
THF /| \ H2 N co H i

* The ligand with K participated in the initiation in the same method
and was omitted for clarity

Scheme 3 The proposed mechanism of the initiation by NHC rare earth metal complexes

This journal is © The Royal Society of Chemistry 20xx
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Fig. 4 '"H-'H cosy spectrum of in situ polymerization of n-hexyl
isocyanate initiated by complex 2 in toluene-ds.

Conclusions

The bis(phenolate) pyrimidinium based NHC rare earth metal
complexes and bis(phenolate) pyrimidinium-bridged rare earth metal
complexes were successfully synthesized and characterized by X-ray
diffraction analysis, "H(*C) NMR analysis and elemental analysis.
The imidazolinium and pyrimidinium based NHC rare earth metal
complexes had been applied in the polymerization of n-hexyl
isocyanate. The polymer obtained showed very high molecular
weight and narrow molecular weight distribution. The catalytic
activity was much affected by the radius of rare earth metal, solvent,
polymerization temperature and the structure of the ligand. The
pyrimidinium-bridged rare earth metal complexes were inactivity for
the polymerization. The mechanism of the initiation by NHC rare
earth metal complexes was studied, and NHC moiety played an

important role in the initiation step, which was evidenced by NMR

Experimental Section

General Procedures.

The syntheses of rare earth metal complexes and polymerization
were carried out under purified argon atmosphere using Schlenk
techniques. Hexane, THF and toluene were distilled from sodium
benzophenone ketyl before use. All other reagents and solvents were
commercially available. HN(TMS), was dried over CaH, and
distilled under vacuum. n-Hexyl isocyanate was dried over CaH, and
distilled under vacuum over three times. Metal analyses were
performed by complexometric titration. NMR spectra were recorded
on an Agilent 600MHz Direct Drive 2 spectrometer. Elemental
analyses were performed by direct combustion with a Flash EA-
1112
distribution were measured by GPC equipped with a RI (Waters

instrument. Molecular weight and molecular weight
2414) detector and a Waters 1525 isocratic high performance liquid
chromatography pump at 40 °C with THF as the eluent at a flow rate

of 1.0 mL min~'. The starting materials of Ln[N(SiMe;),]s-p-Cl-

This journal is © The Royal Society of Chemistry 20xx

Li(THF);*® and Ln[N(SiMe;),]5*' were synthesized according to
literature procedures. The yttrium complexes samples for NMR
analysis were prepared in a glovebox using dry and oxygen-free
NMR tubes. The in situ reaction of complex 2 and n-hexyl
isocyanate were performed at -20°C for several minutes in toluene-
dg sealed in dry and oxygen-free NMR tubes and measured on
Agilent 600MHz Direct Drive 2 spectrometer at room temperature.
Synthesis of L1. 1,2-propanediamine (1.65ml) in ethanol was
dropped in the ethanol solution of 3,5-di-fert-butylsalicylaldehyde
(9g) at reflux temperature for 2h, then reduced by NaBH, (5.8g),
adding 50ml THF and reflux overnight. The solution was evaporated
under vacuum and washed by water and extracted by CH,Cl,.after
evaporation, the resultant recrystallized in ethanol/ethyl acetate
mixture for twice. The white solid (4.95g, 10mmol) was dissolved in
ethanol/EtOAc and was treated with concentrate HCI (2.2ml, 22mol)
for half an hour. After evaporation, the white solid was reacted with
HC(OEt); (50ml) and HCOOH (9 drops) at 120°C for 1h. White
precipitation (3g) was formed and filtrated. The precipitation was
washed with ethyl ether three times. '"H NMR (600MHz, CDCl;) &
8.86 (1H, s, C2-H(imid)), 7.32 (2H, d, Ar-H), 6.93(2H, d, Ar-H ),
4.85(4H, s, CH,), 3.26(4H, t, NCH,CH;CH,N), 1.992H, q,
NCH;CH,CH;N) 1.42(18H, s, tBu),1.26(18H, s, tBu); *C NMR

(600MHz, CDCly) & 19.02(NCH,CH,CH,N); 30.35(-C(CHs),);
31.71(-C(CHa)3); 34.38(-C(CHj3)3); 35.27(-C(CH3)5);
42.25(NCH,CH,CH,N); 56.83(NCH,-Ar); 122.01(tBu-Ar);

125.33(tBu-Ar); 125.77(CH,-Ar);
152.76(NCHN); 153.59(0O-Ar).
Synthesis of L1,NdK(THF)(1). In a THF solution, L1
(0.37mmol) was reacted with Nd[N(SiMes),]; (0.18mmol) and
KN(SiMe;), (1.11mol) and stirred for 2h at -30°C and overnight at
room temperature. Then solvent was removed under vacuum and

140.72(H-Ar);  143.29(H-Ar);

extracted by hexane/THF solvent mixture. Blue block crystals were
obtained at room temperature in 1-2 days. Anal. Calcd for
C7,H 0sN4OsNdK: C, 66.90; H, 8.26; N, 4.59. Found: C, 67.18; H,
8.59; N, 4.47.

Synthesis of L1,YK(thf)(2). Following a similar procedure
described for complex 1. Treatment of a stirring solution of L3
(0.20g, 0.37mmol) in THF with Y[N(SiMes),]; (0.18mmol) and
KN(SiMej3), (1.11mol). The reaction mixture was stirred for 2h at -
30°C and overnight at room temperature, and then the solvent was
removed under vacuum and extracted by hexane/THF solvent
mixture. Colorless crystals were obtained at room temperature in 1-2
days. "H NMR (600M, C¢Dg) & 1.37, 1.38, 1.50 (36H, s , tBu);
1.52,1.55, 1.78, 1.97(36H, s , tBu); 1.40(4H, t , THF); 1.74(4H, s,
NCH,CH,CH,N); 2.28, 235, 242, 253, 2708H, m,
NCH,CH,CH,N); 2.84, 3.14, 3.47, 3.75, 5.46, 6.05, 6.07, 6.26(8H, b,
NCH,-Ar); 3.52(4H, m, THF); 6.70, 6.84, 6.95, 7.17(4H, b, Ar-H );
7.44, 7.60(4H, m, Ar-H); ®C NMR (600M, C¢Dg) & 25.81(THF);
19.86, 21.44(NCH,CH,CH,N); 31.06, 31.15, 31.48, 31.56 (-
C(CH,)5); 32.14, 32.20, 32.50, 32.52(-C(CHa)5); 34.05, 34.09, 34.16,
34.23(-C(CHs)3); 35.71, 35.73, 36.20, 36.24(-C(CHjs)3); 39.87, 40.03,
40.54, 40.65(NCH,CH2CH,N); 60.14, 61.01, 61.69, 62.01(NCH,-
Ar); 67.79(THF); 123.06, 123.74, 123.93, 124.43(tBu-Ar); 124.93,
125.13, 125.30, 125.46(tBu-Ar); 126.18, 126.44(CH,-Ar); 134.38,
134.59, 135.51, 136.20(H-Ar); 136.86, 137.86, 138.44, 138.82(H-
Ar); 162.45, 162.57, 163.53, 164.01(O-Ar); 211.14, 216.81 (carbene
C). Anal. Caled for C;,H;0sN4OsYK: C, 70.07; H, 8.65; N, 4.81.
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Found: C, 69.90; H, 8.82; N, 4.48.

Synthesis of L13Sm,Cl;(3). In a THF solution, L1 (0.20g,
0.37mmol) was reacted with Sm[N(SiMes),]; (0.24mmol) or
Sm[N(SiMe;),]3-p-Cl-Li(THF); (0.24mmol) and stirred overnight at
room temperature, and then the solvent was removed under vacuum
and extracted by hexane/THF solvent mixture. Colorless block
crystals were obtained at room temperature in 1-2 days. Anal. Calcd
for C102H153N6C11306Sm2: C, 62.30; H, 7.84; N, 4.27. Found: C,
62.42; H, 7.80; N, 4.24.

Synthesis of L13;Y,Cl3(4). In a THF solution, L1 (0.20g,
0.37mmol) was reacted with Y[N(SiMes),]; (0.24mmol) and stirred
overnight at room temperature, and then the solvent was removed
under vacuum and extracted by hexane/THF solvent mixture.
Colorless crystals were obtained at room temperature in 1-2 days. 'H
NMR (600M, THF-dg) & 0.97(54H, s ,tBu); 1.27(54H, s ,tBu);
1.76(6H, m, NCH,CH,CH;,N); 3.60, 3.23(12H, m, NCH,CH,CH,N);
3.57, 3.59(6H, s, NCH,-Ar); 6.47, 6.50(6H, s, NCH,-Ar); 6.95(6H, b,
Ar-H ); 7.03(6H, b, Ar-H ); 9.63(3H, s, C2-H(ring)); *C NMR
(600M, THF-dg) & 20.10(NCH,CH,CH,N); 30.60(-C(CHs;)3);
32.34(-C(CHz3)3); 34.41(-C(CHs)3); 35.71(-C(CHjs)3);
42 91(NCH,CH,CH;N); 56.62(NCH,-Ar); 123.96(tBu-Ar);
123.98(tBu-Ar); 125.70(CH,-Ar); 135.59(H-Ar); 138.89(H-Ar);
153.41(NCHN); 162.29, 162.32(0O-Ar). Anal. Caled for
C102H153N6CI11306Y2: C, 66.46; H, 8.37; N, 4.56. Found: C,
67.09; H, 8.45; N, 4.40.

Typical Procedure for the polymerization of n-hexyl
isocyanate. All the polymerizations were carried out in purified
argon atmosphere using Schlenk technique and the polymerizations
procedure catalyzed by complexes 1-2, 5-7 were similar. In a dry
and oxygen-free 20ml flask, n-hexyl isocyanate (about 0.4g) and
desired toluene was added. The flask was placed in a -20°C
atmosphere, and then desired amount of complex 1 was added and
the system became viscous very quickly. The reaction was quenched
by adding excess methanol after the prescribed time. The polymer
was precipitated and dried under vacuum and weighed.

X-ray Crystallographic Study. Single crystals of complexes 1
and 3 were sealed in liquid paraffin oil for determination of the
170K on a
CrysAlisPro, Oxford Diffraction Ltd. using graphite-monochromatic
Mo Ko radiation (4 = 0.71073 A). The data sets were corrected by
empirical absorption correction using spherical harmonics,
implemented in SCALE3 ABSPACK scaling algorithm. All
structures were solved by direct methods, and refined by full-matrix

single-crystal structures. Data were collected at

least-square methods based on IFI”. The structures were solved and
refined using SHELX-97 programs. All non-hydrogen atoms were
located successfully from Fourier maps and were refined
anisotropically. Crystal and refinement data for complexes 1 and 3

are given in Table s1.
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Polyhexyl isocyanantes catalyzed by N-heterocyclic carbene rare earth metal complexes show high
molecular weight with narrow molecular weight distribution.
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