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ABSTRACT: The activity of several yttrium alkoxide and arylorxide complexes supported by a
ferrocene-based ligand incorporating two thiol phenolates, thiolfan (1,1°-di(2,4-di-tert-butyl-6-
thiomethylenephenoxy)ferrocene), was studied. The t-butoxide complex could only be isolated in the ate
form, while a monophenoxide complex could be obtained for OAr = 2,6-di-tert-butylphenolate. The
synthetic utility of these yttrium complexes has been demonstrated by the ring-opening polymerization of
cyclic esters with a high activity toward e-caprolactone and d-valerolactone being found for the yttrium

phenoxide complex.




INTRODUCTION

Polyesters such as polycaprolactone (PCL) and polyvalerolactone (PVL) are considered “green materials”
because they are biocompatible, readily biodegradable, and easily recyclable.!* The lack of toxicity of
PCL makes it attractive as a matrix for drug delivery systems, especially since it is considerably less
expensive than other biodegradable polyesters, such as polyglycolide, polylactide, or their copolymers.’
Although tin and aluminum compounds have been widely used as catalysts in the ring-opening
polymerization of cyclic esters,®’ rare earth metal complexes represent an attractive choice due to their
low toxicity, rich and diverse coordination chemistry, and high reactivity.®!” Among them, yttrium is
relatively inexpensive, readily available, and shows promising reactivity. Ligand design is crucial to the
activity of the resulting metal complexes. In our group, we have been interested in ferrocene-derived metal
complexes because the ferrocene group provides a strong electronic donation and a unique geometry for
the resulting metal complexes.!®-! Herein, we report the synthesis and characterization of new yttrium
complexes supported by ferrocene-based ligands that are extremely active catalysts for the polymerization

of e-caprolactone or d-valerolactone.

RESULTS AND DISCUSSION

Synthesis and characterization of metal complexes. The precursor Hz(thiolfan) (1,1°-di(2,4-di-
tert-butyl-6-thiomethylenephenol)ferrocene) was previously used by our group as a supporting ligand for
zirconium.* Its sodium salt was obtained by deprotonation with an excess amount of sodium hydride in
THF, and then used in situ, after filtration, in a reaction with an equivalent amount of YCI3(THF)s3 at
ambient temperature (Eq 1). After removing the volatiles under a reduced pressure, the residue was
extracted with toluene, and the filtrate was concentrated and layered with hexanes. Cooling down this
solution to -30 °C led to the precipitation of a pale yellow solid in high yield (84%). The product,
(thiolfan) Y CI(THF), was found to coordinate a THF molecule by NMR spectroscopy, but recrystallization

using the procedure described above afforded a THF free compound. The solid state molecular structure
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of [(thiolfan)YCl]z indicates a dinuclear complex (Figure 1); in solution, the structure has higher
symmetry than in the solid state as attested by the presence of only two t-butyl peaks found for the four t-
butyl groups. In addition, in (thiolfan)YCI (Figure 1), the two yttrium thiolfan fragments are held together
by bridging chloride ligands in such a way that each metal ion adopts a distorted octahedral geometry

with the two chlorides arranged cis to one another.
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Figure 1. Solid state molecular structure with thermal ellipsoids represented at 50% probability of one of
the two crystallographically independent molecules of [(thiolfan)YCl]z; hydrogen atoms omitted for
clarity. Selected distances (A) and angles (°): Y(1)-O(1), 2.072(3); Y(1)-O(2), 2.072(3); Y(1)-CI*,
2.6882(11); Y(1)-CI(1), 2.7115(12); Y(1)-S(1), 2.8702(11); Y(1)-S(2), 2.9713(12); O(1)-Y(1)-O(2),

112.32(10); O(1)-Y(1)-CI*, 97.86(7); O(2)-Y(1)-CI*, 90.80(7); O(1)-Y(1)-CI(1), 101.44(7); O(2)-Y(1)-



CI(1), 145.99(7); CI*-Y(1)-CI(1), 80.39(4); O(1)-Y(1)-S(1), 70.61(7); O(2)-Y(1)-S(1), 101.25(7); CI*-
Y(1)-S(1), 165.74(3); CI(1)-Y(1)-S(1), 93.44(3); O(1)-Y(1)-S(2), 155.77(7); O(2)-Y(1)-S(2), 75.31(7);

CI*-Y(1)-S(2), 105.15(3); CI(1)-Y(1)-S(2), 75.49(3); S(1)-Y(1)-S(2), 85.47(3).
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Scheme 1. Synthesis of yttrium complexes.

The stoichiometric reaction of potassium t-butoxide with (thiolfan)Y CI(THF) in toluene led to the
formation of a yellow compound in 46% yield (Scheme 1): the '"H NMR spectrum of the isolated product
showed two sets of t-butoxide peaks; X-ray diffraction analysis confirmed that the product is the ate
complex (thiolfan)Y(OtBu):K (Figure 2). The solid state molecular structure of (thiolfan)Y(OtBu)K
(Figure 2) shows a polymeric compound displaying potassium-arene interactions between repeating units,

18,23, 26,3335 and others.>*** The two t-butoxide ligands are

as observed for other ionic complexes by us
equivalent; potassium interacts with both an intramolecular alkoxide oxygen donor and in an n® fashion

intermolecularly with a phenyl aryloxide ring to form a one dimensional polymer. The solution structure
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of (thiolfan)Y(OtBu):K indicates that the polymer dissociates in solution, as attested by 'H NMR

spectroscopy (Figure S3).

Figure 2. Solid state molecular structure with thermal ellipsoids represented at 50% probability of
(thiolfan)Y (OtBu)2K; hydrogen atoms omitted for clarity. Selected distances (A) and angles (°): Y-O(2),
2.088(7); Y-O(2)#1, 2.088(7); Y-O(1), 2.190(5); Y-O(1)#1, 2.190(5); Y-S, 3.0180(18); Y-S#1, 3.0180(18);
O(2)-Y-O(2)#1, 107.7(5); O(2)-Y-O(1), 101.5(3); O(2)#1-Y-O(1), 91.7(3); O(2)-Y-O(1)#1, 91.7(3);
O(2)#1-Y-O(1)#1, 101.5(3); O(1)-Y-O(1)#1, 157.6(2); O(2)-Y-S, 165.5(3); O(2)#1-Y-S, 86.5(2); O(1)-Y-
S, 74.27(13); O(1)#1-Y-S, 88.46(12); O(2)-Y-S#1, 86.5(2); O(2)#1-Y-S#1, 165.5(3); O(1)-Y-S#1,

88.46(12); O(1)#1-Y-S#1, 74.27(13).

Compound (thiolfan)Y(OtBu):K was synthesized in high yield (94%) by adding two equivalents
of potassium t-butoxide; the one-pot synthesis from (thiolfan)Hz also works in high yield (84%). Removal
of potassium t-butoxide by adding THF or 18-crown-6 was not successful. However, potassium t-butoxide
likely dissociates by adding THF (Figure S12), since t-butyl proton signals are shifted greatly in the

corresponding 'H NMR spectrum and are no longer equivalent in solution. The addition of 18-crown-6



leads to a product in which all t-butoxide protons are equivalent in the corresponding 'H NMR spectrum
(Figure S13-14).

We also attempted to generate a salt free t-butoxide compound by starting from the corresponding
benzyl complex, however, only the formation of (thiolfan)YBn2K (Scheme 1, 81%) was observed.
Interestingly, (thiolfan)YBn2K crystallized as a cyclic tetramer (Figure 3), an unusual arrangement for ate
complexes.**** In (thiolfan)YBn2K, the potassium ion is bound to two benzyl ligands coordinated to

different yttrium centers and to a phenolate ligand to form a bent sandwich diarene potassium fragment.

Fe

Figure 3. Solid state molecular structure with thermal ellipsoids represented at 50% probability of
(thiolfan)YBn2K; hydrogen atoms omitted for clarity. Selected distances (A) and angles (°): Y-O(1),
2.100(3); Y-O(2), 2.182(3); Y-C(8), 2.471(5); Y-C(1), 2.475(5); Y-S(1), 3.0439(12); Y-S(2), 3.0488(13);
O(1)-Y-0O(2), 163.17(11); O(1)-Y-C(8), 94.47(14); O(2)-Y-C(8), 101.14(14); O(1)-Y-C(1), 91.34(13);

0(2)-Y-C(1), 94.06(14); C(8)-Y-C(1), 93.04(19); O(1)-Y-S(1), 71.40(8); O(2)-Y-S(1), 91.89(8); C(8)-Y-



S(1), 148.61(13); C(1)-Y-S(1), 114.58(13); O(1)-Y-S(2), 104.58(8); O(2)-Y-S(2), 73.70(8); C(8)-Y-S(2),

75.55(14); C(1)-Y-S(2), 160.91(11); S(1)-Y-S(2), 81.04(3).

In order to synthesize a neutral complex, NaOAr (OAr = 2,6-di-t-butylphenolate) was used leading
to (thiolfan)Y(OAr) (Scheme 1, 93%) as assessed by NMR spectroscopy (Figures S7-8) and X-ray
crystallography (Figure 4). Unlike [(thiolfan)YCl]2, (thiolfan)YOAr is a monomer in the solid state
(Figure 4), likely due to the steric hindrance of the OAr ligand. The solid structure of (thiolfan)YOAr
shows a distorted trigonal bipyramidal geometry at yttrium, as the bulky OAr ligand occupies almost half
of the space around yttrium (Figure 4).

Compound (thiolfan)Y[N(SiMes3)2] was prepared by a similar method to that used for the synthesis
of (thiolfan)Y(OAr) (Scheme 1, 81%), however, it could not be crystallized under similar conditions
(characterization was achieved by 'H, 3*C NMR spectroscopy, and elemental analysis). By adding t-
butanol to (thiolfan)Y[N(SiMes3)2], (thiolfan)Y(OtBu) was synthesized in situ as confirmed by 'H NMR
spectroscopy (Figure S15), however, attempts to isolate this product were unsuccessful because it
decomposed while being manipulated (Figure S16). Given the instability of (thiolfan)Y(OtBu), we

reasoned that smaller alkoxides would be even less stable and did not attempt their synthesis.



Figure 4. Solid state molecular structure with thermal ellipsoids represented at 50% probability of
(thiolfan)Y(OAr); hydrogen atoms omitted for clarity. Selected distances (A) and angles (°): Y-O(3),
2.059(3); Y-O(1), 2.072(3); Y-O(2), 2.079(3); Y-S(2), 2.8733(14); Y-S(1), 2.9605(14); O(3)-Y-O(1),
113.32(11); O(3)-Y-O(2), 103.55(12); O(1)-Y-O(2), 113.25(12); O(3)-Y-S(2), 137.27(8); O(1)-Y-S(2),
107.35(9); O(2)-Y-S(2), 70.59(8); O(3)-Y-S(1), 92.43(8); O(1)-Y-S(1), 74.92(8); O(2)-Y-S(1), 156.25(9);

S(2)-Y-S(1), 85.73(3).

Catalytic Behavior toward Ring-Opening Polymerization (ROP) of ¢-Caprolactone (e-CL)
and 5-Valerolactone (5-VL). The catalytic activity of the newly synthesized yttrium oxide complexes in
the polymerization of e-CL, 6-VL, and y-BL was examined since yttrium compounds are often reported
as efficient catalysts for the ring-opening polymerization of cyclic esters.” 217 2% 31. 4650 Compounds
(thiolfan)Y (OtBu)2K and (thiolfan) Y (OAr) exhibited high activity for the ring-opening polymerization of
e-CL and 8-VL, as '"H NMR spectroscopy showed a near-quantitative monomer conversion within a
relatively short time (Table 1). It is important to mention that (thiolfan)Y(OAr) has an extremely high

activity toward both monomers (Table 1, entries 2, 4-8, 10, 12) showing near completion within minutes
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regardless of whether THF or toluene was used. Unfortunately, the high activity leads to molecular
weights higher than expected, indicating that not all catalyst molecules initiate. We attribute these results
to the fact that the short reaction times do not allow all catalyst molecules to initiate and also to the fact
that the high molecular weight polymers trap the catalyst. This proposal is supported by the fact that
polymer molecular weights decrease somewhat with the decrease in reaction temperature (Table 1, entries
5 and 6 versus 2), and with the increase of monomer : catalyst ratios (Table 1, entry 10 versus 2).

The activity of (thiolfan)YOAr, which is capable to polymerize 1000 equivalents in 1 minute, is

much higher than that of industrially used Sn(oct)>>!->

and similar to that of other highly active yttrium
catalysts.>>® Although the OAr ligand is rather large and could have obstructed access of the monomer
to the metal center, it is likely that the high activity is a consequence of the flexibility of the coordination
sphere, in which the yttrium-sulphur distances are long, indicating weak bonds. Under similar conditions,
the ate complex (thiolfan)Y(OtBu):K was less active than (thiolfan)YOAr (Table 1, entries 1, 3, 9, 11).
Unfortunately, neither (thiolfan)Y(OtBu)2K nor (thiolfan)Y(OAr) is active toward y-BL*"® even at

elevated temperatures, as expected based on the relative thermodynamic stability of the five-membered

ring.>’

Table 1. Polymerization of cyclic esters by different yttrium catalysts.

0 0
O catalyst O> @ catalyst O
m (0
e-CL PCL 8-VL pvL "
entry | Monomer | Catalyst CL/VL:Y solvent temp time M,* PDI®
1 CL Y (OtBu),K 500:1 toluene 25°C | 5min | 232000 1.23
2 CL YOAr 500:1 toluene 25°C | 30sec | 224000 1.20
3 VL Y (OtBu),K 500:1 toluene 25°C | 2min | 195000 1.30
4 VL YOAr 500:1 toluene 25°C | 1min | 187000 1.29




5 CL YOAr 500:1 toluene 0°C | 10min | 198000 1.25
6 CL YOAr 500:1 toluene -30°C | 30 min | 204000 1.26
7 VL YOAr 500:1 toluene 0°C | 30min | 178000 1.30
8 VL YOAr 500:1 toluene -30°C | 90 min | 172000 1.33
9 CL Y (OtBu),K 1000:1 toluene 25°C | Smin | 122000 1.17
10 CL YOAr 1000:1 toluene 25°C | 1min | 157000 1.14
11 CL Y (OtBu),K 500:1 THF 25°C | 5min | 202000 1.24
12 CL YOAr 500:1 THF 25°C | 2min | 218000 1.19

Conditions: monomer (2.50 mmol or 5.0 mmol), catalyst (5 pmol), toluene or THF (5 mL), 25 °C. All
reactions were carried out to 99% conversion, which was calculated by integrating representative protons
from monomer and polymer. * Uncorrected Mn (g/mol) determined by GPC versus polystyrene standards.

Samples were run in chloroform with 0.25% triethyl amine. ® Polydispersity index (Mw/Mn).

The reaction time increases to 30 min (e-CL, Table 1, entry 6) or 90 min (6-VL, Table 1, entry 8)
when the temperature is lowered to -30 °C. A solvent dependence of the polymerization behavior was also
observed (Table 1, entries 10 and 11), the reactions in THF being slower for both complexes at 25 °C. All
gel permeation chromatography (GPC) curves of the isolated polymers are unimodal (Figures S21-24)

with narrow molecular weight distributions (polydispersity index, PDI = 1.1-1.4).

CONCLUSIONS

In conclusion, a series of novel yttrium complexes supported by an OSSO tetradentate dianionic
ligand based on ferrocene, (thiolfan)YCI(THF), (thiolfan)Y(OtBu):K, (thiolfan)YBn2K,
(thiolfan)Y(OAr), and (thiolfan)Y[N(SiMes3)2], was synthesized and characterized. Compounds
(thiolfan) Y (OtBu)2K and (thiolfan)Y(OAr) were found to be extremely active single-component catalysts
for the ring-opening polymerization of e-CL and 8-VL, affording high molecular weight polymers with
low polydispersity indices.
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EXPERIMENTAL SECTION

General Procedures. All experiments were performed under a dry nitrogen atmosphere using
standard Schlenk techniques or an MBraun inert-gas glove box. Solvents were purified using a two-
column solid-state purification system by the method of Grubbs® and transferred to the glove box without
exposure to air. NMR solvents were obtained from Cambridge Isotope Laboratories, degassed, and stored
over activated molecular sieves prior to use. Nuclear magnetic resonance spectra were recorded on Bruker
AV300 or Bruker AV500 spectrometers at 25 °C in CsDs. Chemical shifts are reported with respect to
solvent residual peaks, 7.16 ppm (Ce¢Ds). 2,6-di-tert-butylphenol and sodium hydride were purchased
from Sigma Aldrich and used as received. Potassium t-butoxide was purchased from Strem Chemicals

Inc., directly brought into a glovebox without exposure to air or moisture, and used as received. &-

Caprolactone, 6-valerolactone, and y-butyrolactone were dried over CaH2 overnight and distilled before
use. Potassium benzyl,®! NaOAr(THF),%? (thiolfan)H2,** and YCI3(THF)3** were prepared according to
literature procedures. CHN analyses were performed in house on a CE-440 elemental analyzer
manufactured by Exeter Analytical, Inc. Molecular weights of the polymers were determined by GPC-
LLS and GPC-MALS. GPC-LLS uses an Agilant liquid chromatograph equipped with an Agilant 2690
series pump and autosampler, two columns, Agilent, PLGEL 5um, MIXED-D, 300x7.5 mm, and two
detectors, Waters 2410 Differential Refractometer, Waters 2998 Photodiode Array Detector. GPC-MALS
uses Waters Alliance 2695 pump and two MZ-Gel SD columns, a Wyatt DAWN HELEOS-II, a Wyatt
Optilab rEX, Waters 2996 Photodiode Array Detector and a Wyatt ViscoStar viscometer. The column
temperature was set at 25 °C. A flow rate of 1.0 mL/min was used and samples were dissolved in
chloroform with 0.25% of triethylamine. Narrow molecular weight polystyrene standards were used for
calibration purposes.

Synthesis of (thiolfan)YCI. To a solution of (thiolfan)H2 (138 mg, 0.20 mmol) in THF (5 mL), a
slurry of sodium hydride (48 mg, 2.0 mmol) in THF (2 mL) was added slowly; the mixture was kept

stirring for 2 h at room temperature and filtered through glass fiber. The clear filtrate was then added
11



slowly to a slurry of YCI3(THF)3 (82 mg, 0.20 mmol) in THF (3 mL) at room temperature. The cloudy
mixture became clear then cloudy again after stirring at room temperature for 2 h. A clear yellow solution
was obtained after filtering through glass fiber and volatiles were removed under reduced pressure. The
crude product was redissolved in 2 mL of toluene, 3 mL hexanes was layered, and the mixture was kept
at -30 °C. After one day, the solution was filtered and (thiolfan)Y CI(THF) was collected as a pale yellow
powder on a medium frit. Yield: 148 mg, 84%. Single crystals of [(thiolfan)YCl]2 suitable for X-ray
diffraction were grown from a concentrated toluene/hexanes solution. '"H NMR (500 MHz, CsDs) §, ppm:
7.54,6.77 (d, 2H, “Jun = 2.4 Hz, CH of phenolate), 4.67 (broad, 4H, CpH), 4 protons on Cp are too broad
and likely overlap with other protons, 3.86 (broad, 4H, SCH2), 3.75 (broad, 4H, OCH2 on THF), 1.74 (s,
18H, C(CH3)3), 1.35 (broad, 4H, CH2 on THF), 1.29 (s, 18H, C(CH3)3). 3C NMR (125 MHz, C¢Ds) §,
ppm: 160.3, 138.6, 136.6, 129.3, 126.0 and 123.8 (C and CH on phenolate), 76.7, 71.6 (CH on Cp rings),
70.2 (CS on Cp rings), 74.2 (OC on THF), 43.7 (SCH2), 35.6, 34.2 (C(CH3)3), 31.9, 30.8 (C(CH3)3), 25.5
(C on THF). Elemental analysis (%): Calcd for C40Hs2C1FeO2S2Y: C, 59.37; H, 6.48. Found: C, 58.90; H,
6.67.

Synthesis of (thiolfan) Y (OtBu):K. To a solution of (thiolfan)YCI (120 mg, 0.15 mmol) in toluene
(3 mL), a slurry of potassium t-butoxide (34 mg, 0.30 mmol) in toluene (2 mL) was added slowly; the
mixture was kept stirring for 2 h at room temperature. A clear yellow solution was obtained after filtering
through glass fiber and volatiles were removed under reduced pressure. The crude product was redissolved
in 2 mL of toluene, 1 mL of hexanes was layered, and the mixture was kept at -30 °C. After overnight, the
solution was filtered and (thiolfan)Y(OtBu)2K was collected as a pale yellow microcrystalline solid on a
medium frit. Yield: 133 mg, 94%. Single crystals suitable for X-ray diffraction were grown from a
concentrated toluene/hexanes solution. 'H NMR (500 MHz, CsDs¢) §, ppm: 7.54 and 6.67 (d, 4H, *Juu =
2.5 Hz, CH of phenolate), 4.22, 3.89 (broad, 8H, CH on Cp rings), 3.69 (broad, 4H, SCH2), 1.91 (s, 18H,
C(CH3)3), 1.40 (broad, 18H, OC(CH3)3), 1.28 (s, 18H, C(CHs3)3). *C NMR (125 MHz, CsDs) 8, ppm:
162.0, 136.2, 127.4, 124.1 and 123.2 (C and CH on phenolate), 76.4 (broad, CH on Cp rings), 73.8 (CH

on Cp rings), 70.7 (broad, OC(CH3)3 or C on Cp rings), 69.9 (SCH2), 41.3, 35.8, 34.0 (C(CHz3)3), 35.4
12



(OC(CH3)3), 32.1, 31.2 (C(CH3)3). Elemental analysis (%): Calcd for C4sH70FeKO4S2Y: C, 60.11; H, 7.36.
Found: C, 60.23; H, 7.84.

Synthesis of (thiolfan)YBn:K. To a solution of (thiolfan)YCI (53 mg, 0.065 mmol) in toluene (5
mL), a slurry of potassium benzyl (17 mg, 0.13 mmol) in toluene (5 mL) was added slowly; the mixture
was kept stirring for 1 h at room temperature. A clear yellow solution was obtained after filtering through
glass fiber and volatiles were removed under reduced pressure. The crude product was redissolved in 1
mL toluene, 1 mL hexanes was layered, and the mixture was kept at -30 °C. After one day, the solution
was filtered and (thiolfan)YBn2K was collected as a yellow power on a medium frit. Yield: 53 mg, 81%.
Single crystals suitable for X-ray diffraction were grown from a concentrated toluene/hexanes solution.
'H NMR (500 MHz, C¢Ds) &, ppm: 7.53 and 6.59 (d, 4H, “Jux = 2.5 Hz, CH of phenolate), 7.00-7.07 (m,
4H, CH on benzyls), 6.90 (t, Jun = 3.0 Hz, 4H, CH on benzyls), 6.34 (t, Jun = 1.9 Hz, p-PhH), 3.72, 3.66
(broad, 8H, CH on Cp rings), 3.66 (broad, 4H, SCH2), 2.64 (broad, 4H, PhCH), 1.89 (s, 18H, C(CH3)3),
1.26 (s, 18H, C(CHs3)3). The '*C NMR spectrum was not recorded because of low solubility. Elemental
analysis (%): Calcd for CsaHecFeKO2S2Y: C, 65.18; H, 6.69. Found: C, 65.80; H, 6.94.

Synthesis of (thiolfan)Y(OAr). To a solution of (thiolfan)YCI (200 mg, 0.247 mmol) in THF (5
mL), a solution of NaOAr(THF) (75 mg, 0.25 mmol) in THF (5 mL) was added slowly; the mixture was
kept stirring for 1 h at room temperature. A clear yellow solution was obtained after filtering through glass
fiber and volatiles were removed under reduced pressure. The crude product was redissolved in 2 mL
hexanes and the mixture was kept at -30 °C. After one day, the solution was filtered and (thiolfan)YOAr
was collected as a yellow microcrystalline solid on a medium frit. Yield: 225 mg, 93%. Single crystals
suitable for X-ray diffraction were grown from a concentrated hexanes solution. 'H NMR (300 MHz,
CsDs) 8, ppm: 7.50 and 6.77 (d, 4H, *Jux = 2.5 Hz, CH of phenolate), 7.38 (d, *Jun = 1.8 Hz, 2H, m-CH
on OAr), 6.87-6.93 (m, 1H, p-CH on OAr), 4.00 (broad, CH on Cp rings and SCH2), 1.77 (s, 18H,
C(CH3)3), 1.69 (s, 18H, C(CH3)3 on OAr), 1.26 (s, 18H, C(CH3)3). *C NMR (125 MHz, CsDs) 8, ppm:

161.9, 160.2, 138.5, 137.7, 137.0, 125.8, 125.2, 124.3, 122.1, 117.5, 75.6, 74.5, 71.8, (CH and C on Cp
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rings), 42.8 (SCH2), 35.6, 34.9, 34.1 (C(CH3)3), 32.3,31.9, 30.6 (C(CH3)3). Elemental analysis (%): Calcd
for CsaH73FeO3S2Y: C, 66.25; H, 7.52. Found: C, 65.78; H, 7.67.

Synthesis of (thiolfan)Y[N(SiMe3):]. To a solution of (thiolfan)YCl (150 mg, 0.185 mmol) in
toluene (5 mL), a slurry of sodium hexamethyldisilazide (31 mg, 0.19 mmol) in toluene (5 mL) was
added slowly; the mixture was kept stirring for 30 min at room temperature. A clear yellow solution was
obtained after filtering through glass fiber and volatiles were removed under reduced pressure. The crude
product was redissolved in 2 mL hexanes and the mixture was kept at -30 °C. After one day, the solution
was filtered and (thiolfan)Y[N(SiMes)2] was collected as a yellow microcrystalline solid on a medium
frit. Yield: 140 mg, 81%. 'H NMR (500 MHz, CsDs) &, ppm: 7.50 and 6.73 (d, 4H, *Jun = 2.5 Hz, CH of
phenolate), 3.97 (broad, 8H, CH on Cp rings and SCH>), 3.71 (s, 4H, CH on Cp rings), 1.73 (s, 18H,
C(CHs)3), 1.27 (s, 18H, C(CHs3)3), 0.56 (s, 18H, Si(CH3)3). *C NMR (125 MHz, CsDs) &, ppm: 160.2
(CO on phenolate), 138.4, 137.0, 126.0, 124.2 and 122.6 (C on phenolate), 76.2 and 71.7 (CH on Cp
rings), 74.6 (SC on Cp rings), 43.4 (SCHz), 35.6 and 34.2 (C(CH3)3), 31.9 and 30.6 (C(CH3)3), 4.8 (C on
TMS). Elemental analysis (%): Calcd for C4sH70FeNO2S2Si2Y: C, 59.15; H, 7.55; N, 1.50. Found: C,
58.77; H, 7.86; N, 1.76.

Typical procedure for polymerization reactions. The procedures for the polymerization of -
caprolactone, d-valerolactone, and copolymerization of g-caprolactone with y-butyrolactone initiated by
(thiolfan)Y(OtBu)2K and (thiolfan)Y(OAr) were similar; a typical polymerization procedure is given
herein. A 20 mL vial equipped with a magnetic stirring bar was charged with the desired amount of
monomer and solvent. After the monomer was dissolved, a solution of the catalyst was added to the
previous solution by syringe in one portion. The mixture was immediately stirred vigorously for the
desired time; an increase in the viscosity of the solution was observed. The reaction mixture was quenched
by the addition of wet hexanes and then poured into cold methanol (20 mL) to precipitate the polymer,

which was dried under reduced pressure and weighed.
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X-ray crystallographic structure determinations. X-ray quality crystals were obtained from
various concentrated solutions placed in a -40 °C freezer in the glove box. Inside the glove box, the
crystals were coated with oil (STP Oil Treatment) on a microscope slide, which was brought outside the
glove box. The X-ray data collections were carried out on a Bruker SMART 1000 single crystal X-ray
diffractometer using MoK, radiation and a SMART APEX CCD detector. The data was reduced by
SAINTPLUS and an empirical absorption correction was applied using the package SADABS. The
structure was solved and refined using SHELXTL (Brucker 1998, SMART, SAINT, XPREP AND
SHELXTL, Brucker AXS Inc., Madison, Wiscosin, USA). Tables with atomic coordinates and equivalent
isotropic displacement parameters, with all the distances and angles and with anisotropic displacement

parameters are listed in the cif.
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A yttrium aryloxide complex supported by an OSSO tetradentate dianionic ligand based on ferrocene,
(thiolfan)Y(OAr), was found to be an extremely active single-component catalyst for the ring-opening
polymerization of &-CL and 3-VL, affording high molecular weight polymers with low polydispersity

indices.
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