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Aluminum Compounds Containing n'- and/or n’-Bidentate Dianionic
Pyrrolyl-Methylamide Ligands
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Abstract: A series of dialuminum com-
pounds have been synthesized and
their reactivity and application for lac-
tide polymerization have been studied.
The reaction of AIH;NMe; with
[C,H;NH(2-CH,NH:Bu)] in diethyl
ether generated a dimeric aluminum
hydride compound, [{[C,H3N(2-
CH,NtBu)]AlH},] (1). The structure of
1 was confirmed by spectroscopy of a
deuterated analogue of 1 with an Al-D
function. Direct  treatment  of

[C,H;NH(2-CH,NH/Bu)] with LiAlH,
in diethyl ether resulted in colorless
crystals  of  [{Li[p-n'm*-C,H;N(2-
CH,NrBu)],Al},] (2) in 80 % yield after
recrystallization from a toluene solu-
tion. The p-n'm>-pyrrolyl protons ex-
hibit high-field shifts at 6=5.73, 6.15,
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and 6.72 comparable to a similar n’-
bonding mode in the literature. Treat-
ment of 1 with 1 equiv acetone oxime
or acetone in dichloromethane gave
[{[CH;N(2-CH,NrBu)]Al-
[€KO,kN-(ON=CMe,)]},] 3) and
[{[CH;N(2-CH,NBu)]Al(O—
CHMe,)},] (4) in 67 % and 60 % yield,
respectively. Compounds 1-4 have
been characterized by X-ray diffrac-
tometry and were used as catalysts for
e-caprolactone polymerization.

Introduction

Aluminum hydrides are widely used as reducing agents.!]
They also have various applications, such as alkyne and
olefin hydroalumination” and hydrogen storage.’! Hydri-
doaluminates are usually soluble in most ethereal solvents
but only marginally soluble in less polar organic solvents.
This has limited their application in organic synthesis.”
Therefore, discovery of new organoaluminum hydride com-
pounds with high solubility in common organic solvents is
important for organic synthesis and related applications.?
One way to increase the solubility of aluminum hydride is
to add an organic substrate to the aluminum atom, forming
organoaluminum compounds. Various methods have been
used to synthesize organoaluminum hydrides, which exist as
monomeric,’® dimeric,” or oligomeric® molecular struc-
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tures; LiAIH, and H;Al'NMe;"! are two important starting
materials for these syntheses. Aluminum hydrides react
readily with a variety of organometallic molecules such as
zirconocenes,"”! R,SbSiMe;, 'l and organic molecules such
as 1-octyne and bipyridine.'">'¥ We have been interested in
finding new organoaluminum hydrides with ketiminate or
donor-substituted pyrrole ligands, and have studied their re-
actions with PhNCO, CO,, H,O, and tertiary alcohols.'*!
Donor-substituted pyrrolyl ligands can bind to the metal
atoms in either a ' or a v’ fashion,>!°! but only a few ex-
amples exist in which the pyrrolyl units bind to metal atoms
in both ways simultaneously.'”) Herein we report the synthe-
sis, characterization, and reactions of donor-substituted pyr-
rolyl aluminum compounds with such ' and/or n* bonding
modes. We also studied their applicability to ring-opening
polymerizations of e-caprolactone.

Results and Discussion

Synthesis and characterization of 1-4: The reaction of
AlH;:NMe;, generated in situ from the reaction of LiAIH,
and Me;N-HCl, with [C,H;NH(2-CH,NHBu)] in diethyl
ether afforded the dimeric aluminum hydride [{[C,H;N(2-
CH,N/Bu)JAIH,}] (1) in 69% yield (Scheme1). The
"H NMR spectrum of 1 shows one set of resonances for the
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substituted pyrrolyl ligands with the methylene protons of
CH,N/Bu appearing as an AB system with two doublets at
0=4.43 and 3.90 ppm. The pyrrolyl protons are in the
normal n' model range (6=6.22, 6.67, and 6.88 ppm). The
terminal hydride was not observed in the 'H NMR spec-
trum, presumably due to the quadrupole interaction with
the aluminum nucleus (7=5/2)."1 However, the solid-state
IR spectrum supports the existence of a terminal AI-H in 1
as evidenced by the absorption at #=1912 cm™'. To confirm
the structure of 1, LiAlD, was used to prepare 1-D, in which
an Al-D function is present. The 'H and *C NMR spectra
of 1 and 1-D exhibit the same resonance pattern with very
similar chemical shifts. The Al-D stretching frequency of 1-
D is shifted to ¥=1388 cm™' owing to the isotopic effect,
which predicts it to be at ¥=1376 cm ™.

Direct treatment of [C,H;NH(2-CH,NH/Bu)] with 1 equiv
or an excess of LiAlH, in diethyl ether (Scheme 1) resulted
in an off-white residue after the solution had been filtered
through Celite and the solvent had been removed. The resi-
due was recrystallized from a toluene solution to afford col-
orless crystals of [{Li[u-n'n’-C,H;N(2-CH,N¢Bu)],Al},] (2)
in 80% yield. The 'H and “C NMR spectra of 2 exhibit a
symmetrical pattern with only one set of [C,H;N(2-
CH,N:Bu)] signals. The p-n':m’-pyrrolyl protons exhibit
high-field shifts at 0 =5.73, 6.15, and 6.72 ppm, comparable
to a similar n’-bonding mode in the literature.?”! Again, the
methylene protons of the CH,N/Bu gave a pseudo-AB spin
system showing two very close doublets at 0=3.99 and
4.03 ppm.

Compounds 1 and 2 are highly air- and moisture-sensitive.
Treatment of 1 with 1 equiv acetone oxime or acetone in di-
chloromethane gave [{[C,H;N(2-CH,N/Bu)]Al[xO,kN-(ON=
CMe,)]},] (3) and [{[C,H;N(2-CH,NrBu)]Al(O—CHMe,)},]
(4) in 67% and 60% yield, respectively (Scheme 2). Com-
pound 3 is highly thermolabile and decomposes at room
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temperature in solution within hours, forming unidentified
aluminum compounds. The 'H NMR spectra showed a t-
butyl resonance at d =1.13 and 0.91 ppm for 3 and 4, respec-
tively, and two doublets for the methylene protons of
CH,NtBu at 6=4.53 and 4.07 ppm for 3 and §=4.90 and
3.94 ppm for 4. The C NMR spectrum of 3 also showed a
singlet at 0 =157.07 ppm corresponding to the carbon atom
bound to the oximate group. Further study of the reactivity
of 3 is ongoing.*"!

Crystal structures of 1-4: Compounds 1-4 have been charac-
terized by X-ray crystallography. A summary of the data
collection and selected bond lengths and angles are given in
Tables 1 and 2. The 1 molecule (Figure 1) contains a center
of symmetry and contains an almost regular Al,N, square, in
which two t-butylamino groups bridge the two aluminum
atoms. The AI(1A)-N(2)-Al(1) and N(2A)-Al(1)-N(2)
angles are 90.4(1) and 89.6(1)°, respectively, and the Al(1)—
N(2) and AI(1)-N(2A) bond lengths are very similar
(1.963(1) and 1.957(1) A, respectively). The two aluminum
atoms adopt tetrahedral structures with the dianionic substi-
tuted pyrrolyl ligand bound to the aluminum atom at an
angle (91.4(1)°) that is much smaller than the tetrahedral
angle. The AlI-N(pyrrolyl) bond (1.834(1) A) is much short-
er than the bridging AI-N(amide) bonds (1.963(1) A).
Crystals of 2 were obtained from a saturated toluene solu-
tion at —20°C. Its molecule (Figure 2) contains two toluene
molecules in the unit cell. Compound 2 contains two bis(pyr-
rolylmethylamide)aluminate units linked by two lithium cat-
ions bonded to the pyrrolyl ligand C;H;N(2-CH,N/Bu) in a
n'm’ manner. Although pyrrolyl ligands can coordinate to
metals in a n' or 1’ fashion, only a few limited examples of
pyrrolyl ligands bound to two metals with 1> modes have
been structurally characterized.”? The dihedral angle be-
tween the two AIN,C, five-membered rings is 97.1°. The
lithium ions are coordinated to pyrrole rings in n° modes in
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Table 1. Summary of crystallographic data for 1-4.

1 2-2toluene 3 4
formula CisH3pALN, CsoH7,Al Li,Ng C,,Hy yALN4O, C,,H,,ALN,O,
FwW 356.42 853.00 498.58 472.58
T [K] 150(2) 150(2) 150(2) 150(2)
crystal system monoclinic monoclinic monoclinic triclinic
space group C2/c P2/c P2,/c P1
a[A] 17.4235(7) 19.015(4) 9.9108(11) 9.938(7)
b [A] 6.5794(3) 14.690(3) 13.1651(15) 9.957(7)
c[A] 17.2047(7) 18.149(4) 10.3241(12) 16.532(12)
a[°] 90 90 90 88.939(15)
£ 1°] 95.751(2) 90.672(13) 98.393(2) 73.097(13)
v [°] 90 90 90 60.083(13)
Vv [AY] 1962.35(14) 5069.3(17) 1332.6(3) 1340.7(17)
V4 4 4 2 2
0. [Mgm™] 1.206 1.118 1.243 1.171
u [mm™] 0.155 0.098 0.141 0.135
F(000) 768 1840 536 512
crystal size [mm] 0.35%0.32x0.28 0.35%x0.2x0.28 0.33x0.28x0.22 0.20x0.19x0.16
1 [A] 0.71073 0.71073 0.71073 0.71073
rflns collected 11028 45312 27924 17351
independent rflns 2607 9913 3564 5762
(Ri,;=0.0147) (R, =0.1447) (Ripy=0.1044) (Riny=0.0764)
data/restraints/parameters 2607/0/116 9913/0/573 3564/0/159 5762/0/299
goodness-of-fit on F? 1.051 1.001 0.941 0.973

Ry, wR, (I>20(1))
R,, wR, (all data)

0.0293, 0.0836
0.0313, 0.0850

0.0653, 0.1836
0.1370, 0.2151

0.0364, 0.0963
0.0569, 0.1012

0.0505, 0.1372
0.0939, 0.1781

FULL PAPER

a staggered sandwich geometry.
The pyrrolyl ligands are bound
to the hard lithium atoms simi-
larly to a m-fashion, quite differ-
ently from other n'-pyrrolyl
lithium compounds recorded in
the literature.”™ The measured
centroid distances between the
n’-pyrrolyl moiety and the lithi-
um atoms are around 2.22 A,
which is quite similar to the
values reported for other heter-
ocyclic lithium sandwich geo-
metries.”?")

Colorless crystals of 3 were
obtained from a saturated tolu-
ene solution at —20°C. The 3
molecule (Figure 3) can be re-
garded as an aluminum oxi-
mate. Oximates have several
possible bonding modes with
metals such as group 13,74
Zn,®! and others,* as shown
(a-d). Some metal oximates
have been reported and struc-

Figure 1. Molecular structure of 1. The thermal ellipsoids are drawn at

the 30% probability level and all hydrogen atoms except those directly

turally characterized.”?”) The structure of 3 retains an
ALN, core as in 1, the Al(1A)-N(2)-Al(1) and N(2A)-Al(1)-
N(2) angles being 91.7(1)° and 88.3(1)°, respectively. The
aluminum centers have tetrahedral geometries with the oxi-
mate fragments (O—N=CMe,) bound to the aluminum cen-
ters in a m’-fashion through the N and O atoms. This is the
first observation of a n? binding mode of an oximate in
group 13 chemistry. In all other known cases, the oximate
bridges two metal ions, but is always n'-bonded to one
atom. The O(1)-N(3)-C(11) bond angle (117.2(1)°) and

largest diff. peak, hole 0.302, —0.251 0.335, —0.363 0.452, —0.234 0.538, —0.716
[eA7]

Table 2. Selected bond lengths [A] and angles [°] for compounds 1-4.

1

Al(1)-N(2A) 1.957(1)  Al(1)-N(2) 1.963(1)
Al(1)-N(1) 1.834(1)

Al(1A)-N(2)-Al(1) 90.4(1) N(2)-Al(1)-N(2A) 89.6(1)
N(2)-Al(1)-N(1) 91.4(1) N(1)-Al(1)-N(2A) 117.1(1)

2

Al(1)-N(1) 1.891(3)  Al(1)-N(2) 1.804(3)
Al(1)-N(3) 1.881(3)  Al(1)-N(4) 1.790(3)
Al(2)-N(5) 1.883(3)  Al(2)-N(6) 1.803(3)
Al(2)~N(7) 1.878(3)  Al(2)-N(8) 1.797(3)
Li(1)~N(3)cent 1.955 Li(1)=N(7)cent 1.949
Li(2)~N(1)eent 1.932 Li(2)~N(5)cent 1.918
N(3)-Al(1)-N(4) 88.7(1) N(1)-Al(1)-N(2) 89.3(1)
N(7)-Al(2)-N(8) 88.5(1) N(5)-Al(2)-N(6) 89.6(1)
N(7)een-Li(1)-N3)eene ~ 152.7 N(1D)een-Li(1)-N(5) ey~ 144.1

3

Al(1)-N(1) 1.830(1)  Al(1)-N(2) 2.002(1)
Al(1)-N(3) 2.035(1)  Al(1)-N(2A) 1.942(1) bonded to aluminum are omitted for clarity.
Al(1)-0(1) 1.772(1)  O(1)-N(3) 1.440(1)
N(3)—C(11) 1.278(2)

Al(1A)-N(2)-Al(1) 91.7(1) N(2A)-Al(1)-N(2) 88.8(1)
O(1)-Al(1)-N(1) 120.6(1) N(2)-Al(1)-N(1) 89.8(1)
N(2)-Al(1)-0(1) 113.7(1) O(1)-N(3)-C(11) 117.2(1)

4

Al(1)-0(1) 1.701(2)  Al(1)-N(1) 1.855(2)
Al(1)-N(2) 1.956(3)  Al(1)-N(2A) 1.956(3)
Al(2)-0(2) 1.696(2)  Al(1)-N(3) 1.842(2)
Al(2)-N(4) 1.969(2)  Al(2)-N(4A) 1.974(3)
Al(1A)-N(2)-Al(1) 90.9(1) N(2A)-Al(1)-N(2) 89.1(1)
O(1)-Al(1)-N(1) 118.3(1) N(2)-Al(1)-N(1) 118.5(1)
N(2)-Al(1)-0(1) 108.6(1) N(2A)-Al(1)-N(1) 91.9(1)
N(2A)-Al(1)-O(1) 127.5(1) Al(2A)-N(4)-Al(2) 90.5(1)
0(2)-Al(2)-N(3) 118.4(1) N(4A)-Al(2)-O(2) 127.6(1)
N(4)-Al(2)-0(2) 108.7(1) N(4)-Al(2)-N(3) 118.3(1)
N(4A)-Al(2)-N(3) 91.5(1) N(4A)-Al(2)-N(4) 89.5(1)
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R R R R angles are relatively similar and
R . .
only one of them is described
)\R‘ /)\R, N7 "R //\ . //\R‘ y .
O—N —N I R _ and shown here (Figure 4). The
N/ o] o 0—N HO—N i

| /TN / 4 structure also contains an

M M M M M M' M 1
ALN, core with angles and
> ba di . b | ; d Lo (ll Nomod b Zl‘ J lengths close to a perfect

1°- bonding - i -u- i -k-O-, N -K-N- -H bonding mode .
M - bonding Tl k- bonding N N mode N ¢ square. The bite angles of

Figure 2. Molecular structure of 2. The thermal ellipsoids are drawn at
the 30 % probability level and all hydrogen atoms are omitted for clarity.

C(12A)

Figure 3. Molecular structure of 3. The thermal ellipsoids are drawn at
the 30% probability level and all hydrogen atoms are omitted for clarity.

Pale pink crystals of 4 were obtained from a toluene/pen-
tane mixed solution at —20°C. There are two independent
molecules in a unit cell. However, their bond lengths and

www.chemeurj.org
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[C4H;N(2-CH,N?Bu)] with alu-

minum atoms for 1 and 4
(91.4(1) and 91.9(1)°) are smaller than those for 2 and 3
((89.3(1) and 89.8(1)°), presumably because the ions in 2
and 3 have higher steric-congestion.

Figure 4. Molecular structure of 4. The thermal ellipsoids are drawn at
the 30 % probability level and all hydrogen atoms are omitted for clarity.

Ring-opening polymerization of e-caprolactone catalyzed by
1, 2, 3, and 4: The conditions and results of the ring-opening
polymerizations of e-caprolactone using compounds 1, 2, 3,
and 4 as catalysts in dichloromethane (1, 3, and 4) or tolu-
ene (2) at room temperature are summarized in Table 3.
The range of the polydispersity index (PDI) of the poly(e-
caprolactone) product (1.29 to 1.75) was comparable to or a
little broader than that of the polymer obtained with other
aluminum compounds.””! Compounds 1-4 were all found to
catalyze the polymerization of e-caprolactone, but 3 and 4

Table 3. Polymerization of e-caprolactone using 1, 2, 3, and 4 as initiators
at room temperature.

Initiator” Monomer Product M,(obs)® M,/ Yield Activity!®!
(g] (gl M (%]

1 0.97 0.2314 25000 139 2075 2.75%10°

2 0.52 0.2951 25900 129 51.23 3.51x10°

3 0.69 0.7072 38900 175  97.56 8.40x 10°

4 0.73 0.7581 48200 136 99.48 9.01x 10°

[a] [Al]*=initialized catalyst with [M]/[I]=100. [b] Obtained directly
from GPC data. [c] M,/M,=Weight-average molecular weight/number-
average molecular weight. [d] Yield [% ] = (Product[g]—initiator [g])/mon-
omer [g]. [e] Activity =product [g]/initiator [mol].
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showed higher reactivities and yields than 1 and 2. This is
consistent with the results reported in the literature that a
large number of metal alkoxides are active in ring-opening
polymerization.*”!

Conclusion

This work provides a good method for synthesis and charac-
terization of organoaluminum hydrides from aluminum tri-
hydride. Compound 1 shows good reactivity toward unsatu-
rated organofunctional groups such as C=0O or C=NOH to
form aluminum alkoxides or aluminum oximates. A further
study of the reactivity and reaction pathways of 1 with vari-
ous organic functional groups is in progress. The PDIs of the
poly-e-caprolactone polymerized using the aluminum com-
pounds synthesized are relatively broad, but fine tuning of
the steric properties of the aluminum alkoxides may make it
possible to obtain to obtain a better PDI value for the
polymers.

Experimental Section

General procedure: All reactions were performed under a dry nitrogen
atmosphere by using standard Schlenk techniques or in a glove box. Tolu-
ene and diethyl ether were dried by refluxing over sodium benzophenone
ketyl. CH,Cl, was dried over P,Os. All solvents were distilled and stored
in solvent reservoirs which contained 4 A molecular sieves and were
purged with nitrogen. 'H and C NMR spectra were recorded by using a
Bruker Avance 300 spectrometer. Chemical shifts for 'H and “C spectra
were recorded in ppm relative to the residual protons of CDCl; (6 =7.24,
77.0 ppm) and C,Dy (0= 7.15, 128.0 ppm). Elemental analyses were per-
formed by using a Heraeus CHN-OS Rapid Elemental Analyzer at the
Instrument Center of the NCHU. [C,H;NH(2-CH,NHBu)| was prepared
by a similar procedure to that reported in the literature." LiAlH,,
Me;N-HCl and acetone oxime (Aldrich) were used as received.

[{[C,H;N(2-CH,N7Bu) JAIH},] (1): A flask was charged with Me;N-HCl
(2.00 g, 20.9 mmol) and diethyl ether (20 mL) and cooled to 0°C. A
LiAlH, (0.95 g, 25.1 mmol)/diethyl ether (20 mL) suspension was added
to the solution dropwise and stirred for another 2 h after the addition
was complete. The solution was then filtered through Celite to yield a
Me;N-AlHy/diethyl ether solution, to which a [C,H,N(2-CH,NHBu)]
(3.19 g, 20.9 mmol)/diethyl ether (20 mL) solution was added dropwise
with stirring at 0°C. The mixture was allowed to warm to room tempera-
ture and was stirred for 12 h. The resulting suspension was vacuum-dried,
then the residue was extracted with toluene and filtered through Celite.
The filtrate was concentrated to a small amount and recrystallized to
generate 1 (2.56g, 68.6% yield). '"HNMR (C,D¢): 6=0.74 (s, 18H;
NBu), 3.90, 4.43 (dd, 4H; /yy=16.8 Hz, CH,N), 6.22, 6.67, 6.88 (m, 6 H;
pyrrolyl protons); “C NMR (C¢Dg): 0=28.7 (q, Joyy =126 Hz, NCMe,),
45.3 (t, Jey=138 Hz, CH,N), 56.6 (s, NCMe;), 104.4 (d, Joy =167 Hz, pyr-
role), 115.2 (d, Jey=170 Hz, pyrrole), 120.7 (d, Joy=180 Hz, pyrrole),
138.1 ppm (s, pyrrole); elemental analysis caled (%) C;gH;3N,AL
(356.42): C 60.66, H 8.48, N 15.72; found C 61.28, H 9.08, N 15.84.
{[C{H;N(2-CH,NrBu)]AID}, (1-D): The procedure was the same as for 1,
except that the LiAIH, was substituted with LiAID,.
[{Li[p-n"*-C,H;N(2-CH,NBw),AI}L,](2): A [C,H,N(2-CH,NH/Bu)]
(3.19 g, 20.9 mmol)/diethyl ether (25 mL) solution was added dropwise at
0°C to a 100 mL Schlenk flask charged with LiAlH, (1.25 g, 33 mmol)
and diethyl ether (25 mL). The mixture was stirred for another 8 h and
filtered through Celite. The volatiles were removed under vacuum and
the residue was recrystallized from a toluene solution to yield the final
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product (8.78 g, 80% yield). '"H NMR (C¢Dy): 6=1.16 (s, 26H; NtBu),
3.99, 4.03 (dd, 4H; CH,N), 5.73, 6.15, 6.72 ppm (m, 6H; pyrrolyl pro-
tons); *C NMR (C¢Dy): 6=30.2 (q, Jou=124 Hz, NCMe;), 42.9 (t, Jou=
134 Hz, CH,N), 50.7 (s, NCMe;), 102.2 (d, Joy=169 Hz, pyrrole), 111.3
(d, Jen=169 Hz, pyrrole), 119.6 (d, Jo; =182 Hz, pyrrole), 145.5 ppm (s,
pyrrole).

[{[C,H;N(2-CH,N7Bu) JAl[«O,kN-(O—N=CMe,)]},] (3): Acetone oxime
(0.2 g, 2.8 mmol)/CH,Cl, solution (20 mL) was added dropwise at —78°C
to a CH,Cl, (20 mL) solution of 1 (0.5 g, 1.4 mmol) in a 100 mL Schlenk
flask . The solution was stirred at room temperature for 1 h and volatiles
were removed under vacuum. The resulting solid was recrystallized from
a saturated toluene solution to generate final product (0.47 g, 67.2%
yield). "H NMR (C¢Dy): 6 =1.13 (s, 18 H; NtBu), 1.57 (s, 6H; ON=CMe),
1.69 (s, 6H; ON=CMe), 4.07, 4.53 (dd, 4H; %Jyy=16.7 Hz, CH,N), 6.29,
6.80, 6.99 ppm (m, 6 H; pyrrolyl protons); “C NMR (C¢Dy): 6= 15.4 (q,
Jen =130 Hz, ON=CMe), 21.0 (q, Joy =128 Hz, ON=CMe), 28.7 (q, Jou=
126 Hz, NCMe;), 44.2 (t, Joy=138 Hz, CH,N), 57.1 (s, NCMe;), 103.4 (d,
Jen=165 Hz, pyrrole), 114.1 (d, Joy=169 Hz, pyrrole), 1209 (d, Jey=
180 Hz, pyrrole), 137.8 (s, pyrrole), 157.1 ppm (s, ON=C); elemental anal-
ysis caled (%) CoHyNgO,Al (498.28): C 57.82, H 8.09, N 16.86; found C
67.19, H 7.62, N 17.09.

[{[C;H;N(2-CH,NrBu)]Al(O-CHMe,)]},] (4):  Acetone  (0.2mL,
2.8 mmol)/CH,Cl, solution (20 mL) was added dropwise at 0°C to a
CH,Cl, (20 mL) solution of 1 (0.5 g, 1.4 mmol) in a 100 mL Schlenk flask
. The solution was stirred at room temperature for 0.5 h and volatiles
were removed under vacuum. The resulting pale pink powder was recrys-
tallized from a saturated toluene/pentane mixed solution to generate
final product (0.40 g, 59.7% yield). "HNMR (C¢D): 6=0.91 (s, 18H;
NtBu), 1.19 (d, 6H; *Jyy=6.0 Hz, OCHMe,), 1.25 (d, 6 H; *Jyy;=6.0 Hz,
OCHMe,), 3.94, 490 (dd, 4H; “Jyy=16.7 Hz, CH,N), 427 (m, 2H;
OCHMe,), 6.22, 6.71, 6.92 ppm (m, 6H; pyrrolyl protons); *C NMR
(CsDg): 0=274 (q, Jeyu=125Hz, OCHMe,), 28.1 (q, Jey=128 Hz,
OCHMe,), 28.5 (q, Jen=126 Hz, NCMe;), 44.2 (t, Joy=140 Hz, CH,N),
56.6 (s, NCMe3), 64.9 (d, Joy =140 Hz, OCHMe,), 104.0 (d, /oy =166 Hz,
pyrrole), 115.0 (d, Joy=171 Hz, pyrrole), 120.4 (d, Joy =180 Hz, pyrrole),
1372 ppm (s, pyrrole); elemental analysis caled (%) C,H,ALN,O,
(472.58): C 61.00 ,H 8.96, N 11.86; found: C 60.66, H 9.03, N 11.66.

Polymerization: Polymerizations of e-caprolactone were carried out in
toluene solutions under a nitrogen-filled Schlenk line. In a typical reac-
tion, catalyst was first dissolved in CH,Cl, or toluene (2.5 mL) and e-cap-
rolactone monomer was added ([M]/[I]=100). The reaction mixture was
stirred to produce a gel- or solid-like polymer. The reaction was
quenched with acidified water (3% CH;COOH) and the resulting solid
was washed with hexane, dried and weighed for yield.

The molecular weight of the polymers was determined on gel permeation
chromatography (GPC) instruments (Waters, RI 2414 and pump 1515).
M, and M, values were determined from calibration plots established
with polystyrene standards.

Crystallographic structural determination of 1, 2, 3, and 4: Crystal data
collection, refinement parameters, and bond lengths and angles are listed
in Tables 1 and 2, respectively. The crystals were mounted in capillaries,
transferred to a goniostat and then observations were made at 150 K.
Data were collected on a Bruker SMART CCD diffractometer with
graphite-monochromated Moy, radiation. Structure determinations were
performed by using the SHELXTL package of programs. All refinements
were carried out by full-matrix least-squares methods using anisotropic
displacement parameters for all non-hydrogen atoms. All the hydrogen
atoms were included in calculated positions in the refinements.

CCDC 659272 (2), 659273 (4) and 659994 (5) contain the supplementary
crystallographic data for this paper. These data can be obtained free of
charge from The Cambridge Crystallographic Data Centre via
www.ccde.cam.ac.uk/data_request/cif.
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