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Abstract: The isoselective ring-opening polymerization of rac-LA is a challenging goal. In this
work, a series of potassium amidate complexes (K1–K10) were easily prepared and characterized
using the 1H/13C NMR spectrum. The molecular structures of potassium complexes K2 and K10
were determined by X-ray diffraction, which showed that both were two-dimensional coordination
polymers due to the adjacent π interactions of the aryl. In the presence of benzyl alcohol (BnOH), all of
the potassium complexes exhibited a high catalytic activity toward the ring-opening polymerization of
L-lactide and rac-LA, yielding linear polylactides capped with BnO or CH3O end groups. A significant
solvent effect on the ROP of the L-LA was observed, with a superior efficiency in toluene than in
THF and CH2Cl2. These complexes are iso-selective and act as active catalysts for the controlled
ring-opening polymerization of rac-lactide, with a Pm from 0.54 to 0.76. This is a rare example of
simple alkali metal complexes for the isoselective ROP of rac-lactide. The substituent greatly affected
the monomer conversion and isoselectivities.

Keywords: potassium complexes; amidates; ring-opening polymerization; lactides; isoselective

1. Introduction

Polylactic acid (PLA), which is derived from biomass and can be completely degraded
to CO2 and water after use, is the representative biodegradable material at present. The
most commonly used method for aliphatic polyesters is the ring-opening polymerization
of cyclic esters catalyzed by metal catalysts [1–15]. However, the poor heat resistance, slow
crystallization, and brittle properties of PLA materials lead to their narrow processing
temperature window and limited application range [16–18]. Therefore, improvements to
the heat resistance of PLA are crucial to broaden its application [19–22]. Until today, the
stereocomplex PLLA, obtained by the melt blending of PDLA and PLLA in equal amounts
(i.e., a melting point of the mixture of up to 230 ◦C), is the most effective way to improve
the heat resistance of polylactide [23,24]. However, D-LA monomers or PDLA polymer are
very limited and costly. Therefore, the isoselective ROP of rac-lactide is very attractive and
also a challenging goal [25,26]. Presently, Sn(Oct)2 is mostly employed for the industrial
production of PLA due to its good moisture stability and solubility; however, it cannot
be applied to the stereoselective ROP of rac-LA, as it lacks the defined and bulky stereo
configuration around the active center [27,28]. Therefore, there have been many works
that have focused on the design of a metal catalyst to initiate the stereoselective ROP of
rac-LA [4,25,26,29–34].

In 1996, Spassky’s group discovered the first enantiomerically pure Al complexes A
(Scheme 1), which showed very good selectivity for the ROP of rac-lactides, producing
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stereoblock PLA with high melting points (Tm = 187 ◦C) [35]. Since then, the isoselective
ring-opening polymerization of rac-LA has become very popular, and many studies on
the stereoselective ROP of rac-LA (Pm up to 0.99) have been realized using Al, Zn, and
Y complexes bearing the special ligands that provide high-performance PLAs with good
thermal stability (Tm > 200 ◦C), and Al complexes are the most reported [36–41]. However,
the limitation of the use of aluminum complexes is the toxicity of the Al elements; for
instance, aluminum derivatives are suspected to be involved in Alzheimer’s disease and
have also shown a very slow polymerization rate. In order to overcome these issues, many
groups have explored initiators with less toxic metals, such as magnesium and alkali metal
complexes, for the ring-opening polymerization of lactides [42].
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In recent years, the isoselective ROP of rac-lactides using crown ether alkali metal
complexes have made great progress [43–49]. For example, the crown ether alkali metal
complexes B (Scheme 1) have shown good efficiency in the ROP of rac-lactide, affording
isotactic-enriched polylactide (PLA) [50]. Although quinolin-8-olate ligands exerted a
relatively low degree of steric hindrance, the catalysts C still maintained stereoselective
polymerization in toluene at room temperature or 0 ◦C, with the Pm ranging from 0.66 to
0.75 [48]. Moreover, the isoselectivity can also reach the high value of Pm = 0.84 by using
complexes D [47]. Ion-paired potassium amidinate complexes E were able to efficiently
catalyze the ROP of rac-lactide at low temperature, and the isoselectivity reached its highest
value of Pm = 0.88 at −70 ◦C [51]. These results imply that alkali metal complexes show
great potential for realizing the goal of the highly active and highly stereoselective ROP of
rac-lactide. In addition, a series of potassium complexes F could initiate the polymerization
of rac-LA to achieve high monomer conversions within several minutes in the presence
of iPrOH, but it afforded atactic PLA with slightly isotactic-enriched microstructures [52].
Our group developed a family of sodium 2-arylimino-8-quinolates complexes that have
shown good activity toward the ring-opening polymerization (ROP) of rac-lactide but
without selectivity [53]. Recently, our group reported a series of simple potassium amidate
complexes G that showed good efficiency for the ROP of L-lactides [54]. Some crystal
structures, especially, clearly showed π interactions of the aryl with the K atom, resembling
“CpM”, a sandwich form (Cp: cyclopentyl, M: metal). At the same time, the crown ether
alkali metal complexes can also be regarded as “CpM” due to the similar role of the
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crown ether in the “Cp”. Considering the potentially important role of the “Cp” group,
in this paper, a series of potassium amidates with larger conjugated aryls were designed
and evaluated for the ROP of L-lactides and rac-lactide. The crystal structure showed π
interactions between the K and the aryl ring, and some complexes showed good activity
and stereoselectivity for the ROP of rac-lactide. These details are discussed further in
this work.

2. Results and Discussion
2.1. Synthesis and Characterization of K1–K10

A series of benzamide containing polycyclic aryls, L1–L10, were readily prepared by
the reaction of the corresponding arylamines with benzoyl chloride. Compounds L1–L10
have not been reported before and hence full details of synthesis were shown in the
experimental section. Treatment of L1–L10 with 2 equivalents of potassium tert-butoxide
(KOtBu) at ambient temperature in THF afforded the corresponding potassium complexes
as solid with a good yield (Scheme 2). All complexes were characterized by 1H/13C NMR
spectroscopy (showed in Figures S1–S10). As a matter of course, the NMR spectra of the
complexes were recorded in d6-DMSO because their solutions in other solvents proved
to be unstable (CDCl3 and d6-benzene). The absence of a -NH signal (around δ 10.0) in
their 1H NMR spectra gave support for the full conversion of L1–L10 to K1–K10 (K11 was
prepared according to the literature [54]).
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The single crystal of K2 and the single crystal of K10 were obtained by laying n-hexane
to their THF solution, and their structures were shown in Figures 1 and 2. The selected bond
lengths and bond angles are shown in Tables 1 and 2. The crystal structure showed that
there was a strong interaction between the K center with Aryl(N) from another molecular,
which was clearly demonstrated by the bond distances [3.149–3.496 Å] of C8-K, C9-K, C11-
K, C12-K, and C17-K. As shown in Figure 1, due to the interaction between the potassium
with the carbon of aryl from another aryl ring, each potassium was high-coordinated by
arene, one Caryl, and N from another amidate; this type of alkali metal-π interaction has
been reported in the literature on the topic several times [54]. Therefore, the molecules
were packed in two-dimensional form, generating a polymeric structure (Figure 1b).
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Table 1. The selected bond length and bond angles of K2 and K10.

Bond Lengths of K2 (Å) Bond Lengths of K10 (Å)

K1-O1 2.598(2) K1-C11 3.413(3) K1-O1 2.593(4) K1-C21 3 3.058(5)
K1-O1 1 2.598(2) K1-C12 3.232(3) K1-N1 1 2.693(4) K1-C22 3 3.239(5)
K1-C8 3.249(3) K1-C17 3.149(3) K1-C8 3 3.180(5) K1-O1 3 2.633(4)
K1-C9 3.496(3) K1-N1 1 2.733(2) K1-C9 3 3.511(5) K1-N1 4 2.693(4)

Bond angles of K2 (◦) Bond angles of K10 (◦)
O1-K1-O1 1 80.39(7) O1-K1-K1 3 44.94(8)

O1 1-K1-N1 1 139.25(8) O1-K1-O1 3 89.01(11)
O1-K1-C8 53.33(7) O1-K1-N1 4 132.82(13)

O1-K1-K17 64.14(7) O1 3-K1-N1 4 111.91(12)
O1-K1-C9 70.39(7) O1-K1-C8 3 119.49(13)
O1-K1-C11 102.57(7) O1-K1-C9 3 141.63(13)
O1-K1-C12 89.92(7) O1-K1-C21 3 99.66(13)

O1-K1-C22 3 101.49(13)

The atoms labelled superscript ‘1′ ‘3′ and ‘4′ have been generated through symmetry.

The structure of K10 also showed the similar interaction between the K center with
pyrene group from another molecule, in which the interaction distances of K1-C83, K1-
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C93, K1-C213, and K1-C223 fall in the range of 3.058~3.511 Å. However, unlike K2, these
molecular chains are linked by hydrogen bonds, affording one dimension form, such as a
polymeric chain.

2.2. Ring-Opening Polymerization of L-LA by K1–K10

To allow a suitable set of polymerization conditions to evaluate all potassium com-
plexes, the ROP of L-LA was firstly investigated by using K2 under various conditions
such as different temperature, run time, [L-LA]:[K] ratio, and solvent. The results are listed
in Table 2.

When increasing the temperature from 30 ◦C to 50 ◦C, the monomer conversion using
K2 was shown to increase from 42% to 96% in 15 min (runs 1–3, Table 2). The molecular
weight of the polylactide (PLA) gradually increased from 0.88 to 1.87 × 104 g mol−1 while
the molecular weight distribution (Mw/Mn) became broader (from 1.73 to 2.04), suggesting
more transesterificationn at a higher temperature [55,56]. The polymerization was then
monitored between 5 min and 15 min, with the temperature maintained at 50 ◦C. The
monomer conversion notably increased from 77% to 96% over longer run times (runs 3–5,
Table 2) and the molecular weight of the PLA also increased from 1.23 to 1.87× 104 g mol−1

but with a quite broad distribution (PDI = 1.93~2.59).
By fixing the time of 15 min and the temperature of 50 ◦C, the BnOH effect was

investigated on the polymerization of L-LA. Without BnOH, the K2 showed good activity
for ROP of L-LA with 94% conversion, similar to that (96%) with 1 equivalent BnOH,
producing the PLLA with a much higher molecular weight (3.85 vs. 1.87× 104 g mol−1).

Table 2. Ring-Opening polymerization of L-lactide by K1–K10 a.

Run Cat LA:K:BnOH T/◦C t/min Solvent Conv. b

(%)
Mncalcd

c

(×10 4 g mol−1)
Mn

d

(×10 4 g mol−1) PDI d

1 K2 500:1:1 30 15 Toluene 42 3.06 0.88 1.73
2 K2 500:1:1 40 15 Toluene 88 6.33 1.50 1.77
3 K2 500:1:1 50 15 Toluene 96 6.93 1.87 2.04
4 K2 500:1:1 50 10 Toluene 87 6.27 1.28 1.93
5 K2 500:1:1 50 5 Toluene 77 5.59 1.23 2.59
6 K2 500:1:0 50 15 Toluene 94 6.79 3.85 1.49
7 K2 500:1:2 50 15 Toluene 100 3.62 1.05 1.74
8 K2 500:1:5 50 15 Toluene 100 1.49 0.96 1.34
9 K2 500:1:10 50 15 Toluene 100 0.73 0.87 1.32
10 K2 750:1:1 50 15 Toluene 68 7.31 3.38 1.93
11 K2 1000:1:1 50 15 Toluene 55 7.93 4.18 1.65
12 K2 1000:1:1 50 30 Toluene 59 8.48 4.52 1.79
13 K2 1000:1:1 50 60 Toluene 61 8.76 4.78 1.75
14 K2 1000:1:1 50 120 Toluene 68 9.86 6.27 1.64
15 K2 500:1:1 50 15 THF 43 3.14 7.32 1.67
16 K2 500:1:1 50 15 Hexane 0
17 K2 500:1:1 50 15 DCM 41 2.97 5.02 1.87
18 K1 500:1:1 50 10 Toluene 78 5.61 2.20 1.70
19 K3 500:1:1 50 10 Toluene 92 6.61 1.88 1.90
20 K4 500:1:1 50 10 Toluene 71 5.11 1.45 1.54
21 K5 500:1:1 50 10 Toluene 85 6.13 2.30 1.68
22 K6 500:1:1 50 10 Toluene 95 6.85 2.46 1.81
23 K7 500:1:1 50 10 Toluene 78 5.63 1.38 1.67
24 K8 500:1:1 50 10 Toluene 73 5.30 2.34 1.63
25 K9 500:1:1 50 10 Toluene 97 7.00 1.87 1.93
26 K10 500:1:1 50 10 Toluene 82 5.94 1.70 2.02

a Conditions: 20 µmol (pre)cat., 2 mL toluene (total). b Determined by 1H NMR spectroscopy. c Mn

(calcd) = M(LA) × conversion × ([LA]0/[BnOH]0) +MBnOH. d GPC data were recorded in THF vs. polystyrene
standards using a correcting factor of 0.58 [57].
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When increasing the BnOH amount to 10 equivalents, the monomer conversion was al-
most a 100% conversion, but the molecular weight decreased from 3.85 to 0.87 × 104 g mol−1

and the molecular weight distribution was broad. All the GPC traces showed bimodal
distribution and the peak of lower molecular part increased with the increase in the BnOH,
indicating the chain transfer role of BnOH.

Subsequently, with the temperature kept at 50 ◦C and the run time at 15 min, the
polymerizations using K2 were performed by varying the molar ratio of [L-LA]:[K]:[BnOH]
from 500:1:1 to 1000:1:1. The results showed a sharp decrease in monomer conversion
from 96% to 55% but with the molecular weight of the PLLA increasing from 1.87 to
4.18 × 104 g mol−1 (runs 3, 10–11, Table 2), which can be explained by the higher monomer
concentration favoring monomer coordination and chain propagation [58–60].

As the solvent effect was clearly observed in our previous work [54], in this work, the
polymerization using K2 was also carried out in THF, n-hexane, and dichloromethane. The
results showed that the monomer conversion in toluene 96% was much higher than that
in polar solvents (CH2Cl2 and THF: 41–43%) (runs 3, 15, 17, Table 2). It was probably the
coordination competition between the monomer and THF to K that led to the lower activity
for ROP [61]. However, there was no monomer conversion in n-hexane (run 16, Table 2),
and the reason might be the aggregation form of complexes. Indeed, the GPC traces of the
PLLA in these polar solvents showed a broad distribution (Mw/Mn = 1.67–1.87), and the
molecular weight was much higher than that in toluene.

By fixing the molar ratio of [LA]:[K] = 500, all potassium complexes K1–K10 were
investigated for ring-opening polymerization of L-LA at 50 ◦C within 10 min. The results
showed that the substituents of R1and R2 have a strong influence on their catalytic activ-
ity. The conversions by K1–K4 are in the following order: K3(NO2) > K2(Br) > K1(H) >
K4(CHPh2), suggesting that the stronger electron withdrawing group of R1 on the naphthyl
led to higher activity. In contrast, another interesting point is that the stronger electron
donor R2 on the ortho-position of acetyl benzyl will result in higher activity, which was
demonstrated by the activity order: K6 (OCH3, 95%) > K5 (CH3, 85%) > K1(H,78%), K7(F,
78%). The reason for this is probably the electron withdrawing effect. The stronger electron
withdrawing group R1 on the para-position of naphthyl led to the lower electron density
of naphthyl, which resulted in the weak interaction between the aryl group and K, and
higher activity was thus achieved. However, the effect of substituent on the aryl (C=O)
was reversed. The stronger donor ability of R2 results in the stronger bond of O-K that will
also weaken the interaction between the aryl group and K, and, in turn, lead to the higher
activity. In addition, the molecular weight of PLLA by K7 was much lower than by K5, K6,
and K1. These results may be due to the easy interaction of F with the other aryl group
in K7. The conjugated aryl ring effect was also explored by replacing the naphthyl group
with flurorenyl (K8), anthracenyl(K9), and the pyrenyl group (K10). The results showed
that potassium N-(anthracenyl) benzamidate K9 showed much higher activity (97%) than
that (73~82%) by K8, K10, and K1. All obtained polymer possessed much lower molecular
weight than the calculated ones, which suggests the stronger side reaction, similar to the
most of the literature on potassium complexes for the ROP of cyclic esters.

2.3. Microstructure Analysis of PLLA

In order to obtain more information about the mechanism of L-lactide polymerization,
the end group of PLLA catalyzed by K2 was analyzed by using 1H NMR and Matrix-
Assisted Laser Desorption/Ionization Time of Flight Mass Spectrometry (MALDI-TOF
spectrometry). When BnOH was not used, the MALDI-TOF analysis of PLLA showed that
the polymer had two structural compositions, A and B, in which the peak A series can be
attributed to linear (C3H4O2) n + C3H4O2 + CH3OH+ Na+/K+, while B can be classified as
cyclic (C3H4O2)n + C3H4O2 + Na+/K+ (Figure 3). The interval between the peaks of the
two series were 72 Da, which is the molecular weight of half lactide, indicating that the
transesterification reaction occurred during the ring-opening polymerization. At the same
time, the 1H NMR spectra of the polymer showed a significant -OCH3 signal (as shown in
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Figure 4), which was consistent with the results of MALDI-TOF. The methoxyl group may
come from the quenching solvent of methanol [54].
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in which A was assigned to (C3H4O2)n + CH3OH + Na+/K+ and B to (C3H4O2)n +
PhCH2OH + Na+/K+; the presence the PhCH2O protons and CH3O protons in this polymer
were confirmed by 1H NMR spectrum (Figure S12). Evidently, intermolecular transesterifi-
cation is operational in the case of the A and B series. Moreover, when two equivalent BnOH
was employed (run 7, Table 2), two families of peaks were observed (Figure S13), in which
A was assigned as (C3H4O2)n + CH3OH + Na+/K+ and B to (C3H4O2)n +PhCH2OH +
Na+/K+, and the 1H NMR spectrum confirmed the presence of the BnOH methylene
protons and the CH3O protons (Figure S14). In order to make the mechanism clearer,
5 equivalent and 10 equivalent benzyl alcohols were added to the reaction. The MALDI-
TOF mass spectrum of resulting polymers showed two families of peaks, A and B, in which
A was assigned to (C3H4O2)n + PhCH2OH + K+/Na+ and B to (C3H4O2)n +CH3OH +
K+/Na+(Figure 5), and the presence of the PhCH2O protons and the CH3O protons in this
polymer were confirmed in the 1H NMR spectrum (Figure 6).
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Collectively, the results observed using K2 in the L-LA polymerizations that are
described above suggest that two mechanisms were involved (as shown in Scheme 3),
similar to previous reports [34,42,54,62,63]. One is that the K2 directly initiate the ring-
opening polymerization of L-LA, in which the CH3O- end group originated from the
methanol used to terminate the polymerization. Conversely, the other one followed the
“monomer activated mechanism (BnOH)” seen for most alkali metal systems [64–66], in
which L-LA can be activated following coordination to the metal center and is then ring-
opened via the nucleophilic attack of the benzyl alkoxide. When more BnOH was employed
in the catalytic system, polymerizations preferred to proceed in Path 2, producing the linear
PLLA (B/B* family).
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2.4. Ring-opening Polymerization of rac-Lactide by K1–K11
2.4.1. Polymerization Results of rac-LA in 60 min

As they displayed very good activity for the ROP of L-LA, their selectivity toward
ring-opening polymerization of rac-lactide was also investigated, and the results are
listed in Table 3. Considering the high molar ratio of monomer to K can lead to poor
controllability in polymerization, the ROP of rac-LA was first investigated by using
K2/BnOH at [rac-LA]/K = 100 and room temperature. The results showed 100 equivalent
rac-lactide can be fully converted into polymer by K2 at 20 ◦C in 60 min. If polymerization
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temperature decreased to 0 ◦C, the conversion decreased to 85%. Further decreasing the
temperature to−30 ◦C and−78 ◦C, there was no significant change of monomer conversion
(83~85%) in 60 min (runs 3, 5, 8, Table 3). However, without BnOH, the conversion sharply
decreased to 26% in 60 min at −78 ◦C, even extending the reaction time to 2 h, and only a
50% conversion rate could be achieved (run 11, Table 3). In addition, the obtained polymer
possessed very broad distribution (PDI = 4.52 (120 min) and 3.89 (60 min)).

Table 3. Ring-opening polymerization of rac-lactide a.

Run Cat LA:K:BnOH T/◦C t/min Solvent Conv. b

(%)
Mncalcd

c

(×10 4gmol−1)
Mn

d

(×10 4 g mol−1) PDI d Pm
e

1 K2 100:1:1 20 60 Toluene 100 1.45 0.64 2.10
2 K2 250:1:1 20 60 Toluene 77 2.78 1.27 1.81
3 K2 100:1:1 0 60 Toluene 85 1.24 0.43 2.23
4 K2 100:1:1 0 120 Toluene 100 1.45 0.61 1.85
5 K2 100:1:1 −30 60 Toluene 85 1.23 0.45 2.03
6 K2 100:1:1 −78 5 Toluene 54 0.78 0.26 1.79 0.76
7 K2 100:1:1 −78 10 Toluene 67 0.97 0.43 1.35 0.75
8 K2 100:1:1 −78 60 Toluene 83 1.21 0.58 1.72 0.61
9 K2 100:1:1 −78 120 Toluene 88 1.28 0.65 2.12
10 K2 100:1:0 −78 60 Toluene 26 0.38 0.38 4.52
11 K2 100:1:0 −78 120 Toluene 50 0.72 0.48 3.89
12 K2 100:1:2 −78 60 Toluene 54 0.79 0.25 1.33
13 K2 100:1:1 −78 60 hexane 54 0.79 0.56 1.41 0.58
14 K2 100:1:1 −78 60 THF 56 0.82 0.86 1.58 0.67
15 K2 100:1:1 −78 60 DCM 64 0.93 0.79 1.67 0.64
16 K1 100:1:1 −78 60 Toluene 95 1.38 1.21 1.91 0.59
17 K3 100:1:1 −78 60 Toluene 95 1.38 0.87 1.24 0.54
18 K4 100:1:1 −78 60 Toluene 82 1.19 1.23 1.17 0.67
19 K5 100:1:1 −78 60 Toluene 68 0.99 0.81 1.99 0.60
20 K6 100:1:1 −78 60 Toluene 83 1.21 0.75 1.83 0.61
21 K7 100:1:1 −78 60 Toluene 78 1.13 0.93 1.65 0.61
22 K8 100:1:1 −78 60 Toluene 67 0.97 0.66 1.21 0.56
23 K9 100:1:1 −78 60 Toluene 94 1.36 0.61 1.42 0.65
24 K10 100:1:1 −78 60 Toluene 85 1.23 0.60 1.56 0.68
25 K11 f 100:1:1 −78 60 Toluene 63 0.92 0.63 1.69 0.54

a Conditions: 20 µmol (pre)cat., 1 mL toluene (total). b Determined by 1H NMR spectroscopy. c Mn

(calcd) = M(LA) × conversion × ([LA]0/[BnOH]0) +MBnOH. d GPC data were recorded in THF vs. polystyrene
standards using a correcting factor of 0.58 [57]. e Determined by homonuclear-decoupled 1H NMR spectroscopy.
f This complex is from our previous work [54].

At −78 ◦C, the ROP of rac-LA were then investigated from 5 to 120 min, and the
results showed conversion gradually increased from 54% to 88%, with molecular weight
also increasing from 0.26 to 0.65 × 104 gmol−1 (runs 6–9, Table 3). Especially from 60
to 120 min, there was a slight increase in monomer conversion from 83% to 88%. It is
very interesting that the Pm values decreased from 0.76 to 0.61, indicating the selectivity
decreased due to more side reaction of transesterification in a longer time. Complex K2,
iso-selectivities of Pm = 0.76 (Figure 7) and 0.75 (Figure S28), were achieved when the ratios
of [rac-lactide]0:[K2]0: [BnOH]0 were 100:1:1 with 5 min or 10 min, respectively, in toluene
at −78 ◦C (runs 6, 7 in Table 3).

The solvent effect was also investigated within 60 min. The results showed that
conversion (54~56%) in other solvents such as hexane, THF, or dichloromethane are much
lower than (83%) in toluene (runs 8, 13–15, Table 3). However, the isoselectivity in THF
(Pm = 0.67) or dichloromethane (Pm = 0.64) are both higher than in the toluene (Pm = 0.61),
suggesting the polarity of the solvent effect on steroselectivity toward the ROP of rac-LA.
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Figure 7. (a) 1H NMR spectrum of rac-LA obtained by K2 (run 6, Table 3); (b) Homonuclear-decoupled
1H NMR spectroscopy of rac-LA obtained by K2 (run 6, Table 3). The Pm values were determined for
all tetrads based on Bernoulli statistics, and their average value was used.

In order to better investigate the effect of different substituents on the polymerization
selectivity, we studied the catalytic properties of different catalysts for rac-lactide at −78 ◦C
and 60 min. Generally, all these complexes K1–K10 showed better activity than K11 bearing
phenyl ring, which to some extent indicates that the bigger conjugated aryl ring may help
to increase activity. Among those complexes, K1, K3, and K9 showed good catalytic
activity with over 90% conversion, much higher than other complexes. In contrast, K5
and K8 exhibited much lower activity (conversion 67–68%) than others. All the obtained
polymers have much lower molecular weights than those calculated, indicating that the
polymerization reaction is less controllable. The isoselectivities of ROP of rac-LA were also
greatly influenced by the substituents. K9, K10, and K4 showed much better selectivity
with Pm values (0.65~0.68) than others (Pm ranging 0.54~0.61). The reason is probably
the bigger π-conjugated aryl group of anthracenyl (K9), as the pyrenyl group (K10) favor
the monomeric potassium species generation and act as a “CpM” model to influence the
coordination of different monomer coordination and insertions. The polymer by K8 and K3
showed almost no selectivity with low Pm values (0.54 and 0.56). The reason may be due to
the flurorenyl group of non-conjugated aryl ring that could not support the monomeric
“CpM” form of K8 and thus led to the poor selectivity. While for K3 containing the strong
electron withdrawing group of NO2, the reason is that they are very easy to form one-
dimension polymeric potassium complexes, as in our previous report without π-interaction
of K with aryl ring, and this thus led to poor selectivity. Similar to our previous report
that the potassium containing NO2 group exhibited good activity for ROP of L-LA [54], in
this case, K3 also exhibited much better activity for ROP of rac-LA than others. Complex
(K4 and K10) showed higher selectivity (Pm = 0.67) than other complexes (K6, K7, K8)
(Pm = 0.59–0.61).

2.4.2. Results of ROP toward rac-LA in 5 min

Due to the longer time increasing the occurrence of transesterification and lowering
the selectivity, and in order to more clearly clarify the substituent effect of potassium
complexes on the selectivity of ROP of rac-LA, all potassium complexes K1–K10 were
further investigated for the ROP of rac-LA in the short time of 5 min and results were
collected in Table 4.
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Table 4. Ring-opening polymerization of rac-lactide a.

Run Cat LA:K:BnOH Conv(%) b MnCalcd
c Mn d PDI d Pm

e

1 K1 100:1:1 26 0.38 0.19 1.13 0.66
2 K2 100:1:1 54 0.78 0.26 1.79 0.76
3 K3 100:1:1 54 0.78 0.89 1.44 0.65
4 K4 100:1:1 65 0.94 0.61 1.83 0.68
5 K5 100:1:1 35 0.51 0.39 1.77 0.66
6 K6 100:1:1 41 0.60 0.29 1.34 0.67
7 K7 100:1:1 30 0.44 0.46 1.82 0.63
8 K8 100:1:1 8 0.12 0.29 1.32 0.61
9 K9 100:1:1 80 1.16 0.37 1.45 0.72
10 K10 100:1:1 67 0.97 0.29 1.07 0.72

a Conditions: 20 µmol (pre)cat., 1 mL toluene (total), 5 min, −78 ◦C, b Determined by 1H NMR spectroscopy. c Mn

(calcd) = M(LA) × conversion × ([LA]0/[BnOH]0) +MBnOH. Unit: ×104 g mol−1, d GPC data were recorded in
THF vs. polystyrene standards using a correcting factor of 0.58 [57]. e Determined by homonuclear-decoupled 1H
NMR spectroscopy.

As shown in Figure 8, generally, the conversions by K1–K10 in 5 min were much lower
than that in 10 min, indicating that the longer time increased the monomer conversion.
It is very interesting to see that the K9 bearing anthracenyl group exhibited the highest
activity toward the ROP of rac-LA in 5 min, with more than 80% conversion. The K10
bearing pyrenyl group, meanwhile, showed lower activity than K9, but still a much higher
(conv. 67%) conversion than the K1–K7 bearing naphthyl group (conv. 26~65%), whilst
K8 exhibited the lowest activity with only a 8% conversion in 5 min, the same activity
order to its result in 60 min. On the other hand, these results further illustrated the bigger
pi-conjugated K9, and K10 can quickly initiate the ring-opening polymerization of rac-LA,
while the K1–K7 containing naphthyl group gradually initiated the polymerization.
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Figure 8. Comparing the conversion by K1–K10 in 5 or 60 min.

As the substituent of potassium complexes greatly affected their polymerization
activity, their influence on isoselectivity toward ROP of rac-LA was also investigated. We
found that, generally, the isoselectivity of PLA in 5 min were much better (Pm: 0.61~0.76)
than that obtained in 60 min (Pm: 0.54~0.68) (shown in Figure 9), which may be due to the
increasing side reaction in the longer time.
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Figure 9 also showed that the isoselectivity changes depended on the substituent.
For K4 containing the very bulk group of dibenzhydryl on naphthyl, there was almost
no change of Pm values (from 0.68 to 0.67), indicating that the bulky substituent greatly
affected the geometry of active species and suppressed the side reaction of transesterifi-
cation. In addition, another interesting thing to note is that the bigger conjugated aryl
substituted potassium complexes exhibited better isoselectivity toward the ring-opening
polymerization of rac-LA, which was demonstrated by the Pm values in 5 min: K9(An) ≈
K10 (Pyrene) > K1(Quin) > K8 (Flu). Within the longer time of 60 min, K9, K10 still showed
better isoselectivity than K1, K8, further indicating that the higher conjugated aryl ring
favor the selectivity. Within 5 min, the R2-substituted N-naphthalenyl benzimidate potas-
sium complexes showed similar selectivity (Pm = 0.63~0.66) towards the ROP of rac-LA,
with the slight trend of K6 (OCH3) > K5(CH3) > K1(H) > K7(F), indicating a little electronic
effect by p-substituent on the aryl.

As is well documented, the physical, mechanical, and degradation properties of poly-
lactide are intimately related to chain stereochemistry. Typically, isotactic PLLA is a highly
crystalline material with a Tm ≈ 170.0 ◦C, whereas atactic poly(D, L)-LA is amorphous
without a clear Tm [26,67]. Hence, melting transition temperatures have been used to
characterize the stereoregularity of polylactides to some extent. The DSC curves of polymer
obtained by K2, K3, K8, and K10 in 5 min showed that they have an obvious melting point
with Tm values from 130~172 ◦C (shown in Figure S29), indicating that all of them are
crystalline polymers, which is in line with their isotactic selectivity.

3. Experimental Section
3.1. General Procedures

All manipulations were performed under high purity nitrogen with a rigorous ex-
clusion of air and moisture using standard Schlenk techniques or glove-boxes. Toluene,
n-hexane, diethyl ether, and THF were dried over sodium benzophenone under reflux and
then distilled under nitrogen, and finally stored over activated molecular sieves (4 Å) for
24 h in a glove-box prior to use. L-LA was provided by TCI (Tokyo Chemical Industry,
Tokyo, Japan). tBuOK was purchased from J&K Scientific (Beijing, China) and used as
received. BnOH was provided by Aldrich (Tokyo, Japan). Naphthylamine, 4-brominated
naphthalamide, 9-aminofluorene hydrochloride, and 9-nitroanthracene were provided
by Ark Pharm(Shanghai, China). 1-pyrenamine was provided by TCI (Tokyo, Japan). 4-
nitronaphthylamine, diphenylmethanol, 4-methylbenzoyl chloride, and 4-methoxybenzoyl
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chloride 4-fluorobenzoyl chloride were provided by J&K Scientific (Beijing, China). Differ-
ential scanning calorimetry (DSC, TA2000) was performed under a nitrogen atmosphere
to record the melting temperatures of the polyethylenes. The testing program was set as
follows: a sample (4.0–6.0 mg) was heated to 200 ◦C at a heating rate of 20 ◦C per min for
5 min at the same temperature to remove its thermal history and then cooled to −50 ◦C at
the same heating rate. Elemental analysis was carried out with a Flash EA 1112 microana-
lyzer. The 1H and 13C NMR spectra were recorded on a Bruker DMX-400 instrument. The
MALDI-TOF spectra was recorded on Bruker autoflex III by the linear positive ion method.
The GPC measurements were performed using a system composed of a 390-LC multidector
(MDS), 209-LC pump injection module (PIM), and a PL-GPC 50 plus instrument. THF
was used as the eluent (flow rate: 1.0 mL/min, at 40 ◦C) and the molecular weights and
molecular weight distributions were calculated using polystyrene as the standard.

3.2. Synthesis and Characterization of L1–L10

Synthesis of N-naphthalen benzamide (L1): Naphthylamine (1.43 g, 10 mmol) was
added to a 100 mL round-bottom flask and dissolved in 50 mL of dichloromethane. The
resulting solution was stirred for 10 min with a subsequent dropwise addition of benzoyl
chloride (4.20 g, 30 mmol). The reaction was stirred for about 9 h. After it was filtered, the
white solid was obtained, and washed with anhydrous diethyl ether. Yield: 0.90 g, 36%. 1H
NMR (400 MHz, d6-DMSO, TMS): δ 10.41 (s, 1 H), 8.08 (d, J = 8.0 Hz, 2 H), 7.96 (s, 2 H), 7.85
(d, J = 8.0 Hz, 2 H), 7.62–7.52 (m, 7 H); 13C NMR (100 MHz, d6-DMSO, TMS): 134.1, 129.6,
128.7 127.8, 127.3, 126.7, 125.9, 122.4, 120.2.

Synthesis of N-(4-bromonaphthalen-1-yl)benzamide (L2): The experimental method
described for L1 was used in the preparation of L2 but using 4-brominated naphthalamide
(1.11 g, 5.0 mmol) and benzoyl chloride (2.10 g, 15 mmol). White solid was obtained. Yield:
0.79 g, 48%. 1H NMR (400 MHz, d6-DMSO, TMS): δ 10.53 (s, 1 H), 8.19 (d, J = 8.0 Hz, 1 H),
8.08 (t, J = 4.0 Hz, 3H) 7.94 (d, J = 8.0 Hz, 1 H), 7.74 (t, J = 8.0 Hz, 1 H), 7.68–7.59 (m, 2 H),
7.57 (t, J = 4.0 Hz, 3H); 13C NMR (100 MHz, d6-DMSO, TMS): 166.5, 134.5, 134.4, 132.0,
130.7, 129.9, 128.7, 128.2, 128.0, 127.2, 126.9, 124.8, 124.4, 119.5.

Synthesis of N-(4-nitronaphthalen-1-yl)benzamide (L3): The experimental method
described for L1 was used in the preparation of L3 using 4-nitronaphthylamine (0.99 g,
5 mmol) and benzoyl chloride (2.10 g, 15 mmol). White solid was obtained. Yield: 0.63 g,
43%. 1H NMR (400 MHz, d6-DMSO, TMS): δ 9.03 (d, J = 8.0 Hz, 1 H), 8.94 (s, 1 H), 7.77 (d,
J = 8.0 Hz, 1 H), 8.74 (d, J = 8.0 Hz, 1 H), 8.69 (t, J = 8.0 Hz, 1 H), 8.31 (d, J = 8.0 Hz, 1 H),
8.26 (d, J = 8.0 Hz, 1 H) 7.94–7.85 (m, 3 H), 7.72 (t, J = 8.0 Hz, 1 H); 13C NMR (100 MHz,
d6-DMSO, TMS): 167.5, 147.4, 136.1, 134.2, 132.0, 129.4, 128.8, 127.5, 126.6, 126.3, 123.5,
121.5, 117.6.

Synthesis of N-(4-dibenzhydrylnaphthalen-1-yl) benzamide (L4): Step 1: A mixture
of naphthylamine (4.2 g, 30 mmol), diphenylmethanol (6.7 g, 60 mmol), and a catalytic
amount of zinc chloride (0.52 g, 4.0 mmol) in HCl (20 mL) was refluxed for 3 h. After solvent
evaporation at reduced pressure, the residue was purified by column chromatography on
basic alumina with the eluent of petroleum ether and ethyl acetate (v:v = 30:1) to afford a
purple solid in 60% isolated yield. 1H NMR: (400 MHz, CDCl3, TMS): δ 7.95 (d, J = 8 Hz,
1 H), 7.86 (d, J = 8 Hz, 1 H), 7.45–7.37 (m, 2 H), 7.25 (d, J = 8 Hz, 5 H), 7.20 (t, J = 8 Hz, 2 H),
7.12 (d, J = 8 Hz, 5 H), 6.75–6.70 (m, 2 H), 6.18 (s, 1 H).

Step 2: The 4-dibenzhydrylnaphthalen (0.23 g, 1 mmol) was added to a 50 mL round-
bottom flask dissolved in 10 mL of toluene. The resulting solution was stirred for 10 min
with a subsequent dropwise addition of benzoyl chloride (0.40 g, 2.0 mmol). The reaction
was stirred about 8h at 80 ◦C. After it was filtered, the filtrate, a yellow solid, was obtained,
and it was washed with anhydrous ether. Yield: 0.30 g, 63%. 1H NMR: (400 MHz, d6-DMSO,
TMS): δ 10.39 (s, 1 H, N-H), 8.13–8.05 (m, 3 H, Ar-H), 8.02–7.98 (m, 1 H, Ph-H), 7.62–7.45 (m,
6 H, Ar-H), 7.33 (t, J = 8.0 Hz, 4 H, Ar-H), 7.23 (t, J = 8.0Hz, 2H, Ar-H), 7.15 (d, J = 8.0 Hz,
4 H, Ph-H), 6.73 (d, J = 8.0 Hz, 1 H, Ar-H), 6.44 (s, 1 H, Ar-H).
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Synthesis of 4-methyl-N-(naphthalen-1-yl) benzamide (L5): The naphthylamine
(2.8 g, 20 mmol) was added to a 50 mL round-bottom flask dissolved in 30 mL of toluene.
The resulting solution was stirred for 10 min with a subsequent dropwise addition of
4-methylbenzoyl chloride (3.98 g, 25.8 mmol). The reaction was stirred for about 8 h at
80 ◦C. After it was filtered, a white solid was obtained and washed with anhydrous ether.
Yield: 1.95 g, 53%. 1H NMR: (400 MHz, d6-DMSO, TMS): δ 10.37 (s, 1 H, N-H), 8.11 (d,
J = 8 Hz, 2 H, Ar-H), 7.99–7.95 (m, 1 H, Ar-H), 7.90 (d, J = 8 Hz, 1 H, Ph-H), 7.85 (d, J = 8 Hz,
1 H, Ph-H), 7.68–7.59 (m, 4 H, Ar-H), 7.36 (d, J = 8 Hz, 2 H, Ph-H), 2.41 (s, 3 H, CH3). 13C
NMR: (100 MHz, d6-DMSO, TMS): δ166.5, 142.1, 134.2, 132.1, 129.5, 128.8, 128.3, 127.4, 125.2,
125.1, 122.5, 21.5.

Synthesis of 4-methoxy-N-(naphthalen-1-yl) benzamide (L6): The naphthylamine
(2.1 g, 15 mmol) was added to a 250 mL round-bottom flask and dissolved in 30 mL toluene.
The resulting solution was stirred for 10 min with a subsequent dropwise addition of
4-methoxybenzoyl chloride (2.8 g, 16.4 mmol). The reaction was stirred for about 8 h at
room temperature. After it was filtered, the filtrate, a white solid, was obtained, and it was
washed with anhydrous ether. Yield: 1.54 g, 77%. 1H NMR: (400 MHz, d6-DMSO, TMS):
δ 10.27 (s, 1 H, N-H), 8.09 (d, J = 8 Hz, 2 H, Ar-H), 7.98 (d, J = 8 Hz, 2 H, Ph-H), 7.85 (d,
J = 8 Hz, 1 H, Ar-H), 7.59–7.53 (m, 4 H, Ar-H), 7.09 (d, J = 8 Hz, 2 H, Ph-H), 3.86 (s, 3 H,
OCH3). 13C NMR: (100 MHz, d6-DMSO, TMS): δ 166.0, 162.4, 134.6, 134.2, 130.2, 129.8,
127.1, 126.6, 126.5, 126.3, 126.0, 124.4, 123.9, 114.1, 55.9.

Synthesis of 4-fluoro-N-(naphthalen-1-yl) benzamide (L7): The naphthylamine (2.1 g,
15 mmol) was added to a 250 mL round-bottom flask dissolved in 30 mL of toluene.
The resulting solution was stirred for 10 min with a subsequent dropwise addition of
4-fluorobenzoyl chloride (2.8 g, 17 mmol). The reaction was stirred for about 4h at 80 ◦C.
After it was filtered, the filtrate, a white solid, was obtained, and it was washed with
anhydrous ether. Yield: 1.49 g, 37.4%. 1H NMR: (400 MHz, d6-DMSO, TMS): δ 10.32 (s,
1 H, N-H), 8.12(d, J = 8 Hz, 2 H, Ar-H), 8.01 (d, J = 8 Hz, 2 H, Ph-H), 7.85 (d, J = 8 Hz, 1
H, Ar-H), 7.62–7.53 (m, 4 H, Ar-H), 7.11 (d, J = 8 Hz, 2 H, Ph-H). 13C NMR: (100 MHz,
d6-DMSO, TMS): δ 168.3, 165.1, 137.6, 137.9, 137.8, 126.6, 126.3, 125.8, 124.7, 122.5, 122.1,
121.6, 120.4, 117.2.

Synthesis of N-(9H-fluoren-9-yl)benzamide (L8): Step 1: 9-aminofluorene hydrochlo-
ride (1.27 g, 5.0 mmol) was added to a 100 mL round-bottom flask, dissolved in 10 mL
of acetic acid. Adjusting the pH of solvent into pH = 7 with 5% NaOH, excess solvent
was removed in a vacuum. 20 mL DCM was added to the flask and stirred for 30 min.
The white solid was obtained after it was filtered. Yield: 0.99 g, 91%. 1H NMR (400 MHz,
d6-DMSO, TMS): δ 9.24 (s, 1 H), 8.03 (d, J = 8.0 Hz, 2 H), 7.92 (d, J = 8.0 Hz, 2 H), 7.52 (t,
J = 8.0 Hz, 2 H), 7.41 (t, J = 8.0 Hz, 2 H), 5.38 (s, 1 H)

Step 2: 9-aminofluorene (0.43 g, 2.0 mmol) was added to a 250 mL round-bottom
flask dissolved in 50 mL of toluene. The resulting solution was stirred for 10 min with a
subsequent dropwise addition of benzoyl chloride (0.70 g, 5.0 mmol). The reaction was
stirred for about 9 h. After it was filtered, the filtrate, a white solid, was obtained and
washed with anhydrous ether. Yield: 0.46 g, 71%. 1H NMR (400 MHz, d6-DMSO, TMS): δ
9.08 (d, J = 8.0 Hz, 1 H, N-H), 7.96 (d, J = 8.0 Hz, 2 H, Ar-H), 7.91 (d, J = 8.0 Hz, 2 H, Ar-H),
7.52 (d, J = 8.0 Hz, 3 H, Ar-H), 7.48–7.42 (m, 4 H, Ar-H), 7.33 (d, J = 8.0 Hz, 2H, Ph-H), 5.40
(s, 1 H, C-H); 13C NMR (100 MHz, d6-DMSO, TMS): 167.5, 145.2, 140.5, 131.7, 130.0, 128.6,
128.2, 127.9, 126.2, 125.1, 120.9, 120.5, 55.0.

Synthesis of N-(anthracen-9-yl)benzamide (L9): Step 1: the suspension of 9-nitroanthra
cene (0.11 g, 0.50 mmol) in glacial acetic acid (4 mL) was heated at 80 ◦C for 1.5 h. To the
resulting homogeneous solution, a slurry of anhydrous SnCl2 (0.49 g, 2.5 mmol) in conc. HCl
(2 mL) was added via a dropping funnel over 10 min at 80 ◦C and the mixture was stirred
for 2 h at 80 ◦C. The precipitate was filtered and washed with conc. HCl (3 × 20 mL). The
solid was washed with 5% aq. NaOH and washed with sufficient water. The orange solid
was dried in air shortly and at 50 ◦C in vacuo for 6 h. The product was obtained as orange
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powder (0.65 g, 67%). 1H NMR (400 MHz, d6-DMSO, TMS): δ 7.98–7.92 (m, 4 H), 7.88 (s, 1 H),
7.45–7.39 (m, 4 H)

Step 2: 9-aminoanthracene (0.038 g, 0.20 mmol) was added to a 50 mL round-bottom
flask and dissolved in 20 mL of toluene. The resulting solution was stirred for 10 min with
a subsequent dropwise addition of benzoyl chloride (0.084 g, 0.6 mmol). The reaction was
stirred for about 12 h at 120 ◦C. After filtration, a yellow solid was obtained, and washed
with anhydrous diethyl ether. Yield: 0.031 g, 52%. 1H NMR (400 MHz, d6-DMSO, TMS): δ
10.75 (s, 1 H, N-H), 8.88 (d, J = 8.0 Hz, 2 H, Ph-H), 8.76 (d, J = 8.0 Hz, 2 H, Ar-H), 8.63–8.45
(m, 3 H, Ph-H), 8.08–8.01 (m, 7 H, Ar-H); 13C NMR (100 MHz, d6-DMSO, TMS): 167.7, 139.9,
134.2, 132.1, 128.8, 128.2, 127.5, 125.4, 124.9, 122.1, 118.0, 117.2.

Synthesis of N-(Pyrene-1-yl)benzamide (L10): 1-pyrenamine (0.11 g, 0.50 mmol) was
added to a 50 mL round-bottom flask and dissolved in 20 mL of toluene. The resulting
solution was stirred for 10 min with a subsequent dropwise addition of benzoyl chloride
(0.21 g, 1.5 mmol). The reaction was stirred for about 12 h at 120 ◦C. After filtration, a white
solid was obtained, and it was washed with anhydrous diethyl ether. Yield: 0.03 g, 27%.
1H NMR (400 MHz, d6-DMSO, TMS): δ 8.14 (d, J = 8.0 Hz, 4 H), 7.94 (d, J = 8.0 Hz, 2H), 7.81
(t, J = 8.0 Hz, 2 H, Ph-H), 7.66–7.60 (m, 4 H, Ar-H), 7.49 (t, J = 8.0 Hz, 2H, Ph-H); 13C NMR
(100 MHz, d6-DMSO, TMS): 166.7, 134.2, 132.1, 128.8, 127.7, 127.5, 122.5, 121.2.

3.3. Synthesis of Potassium Complexes

Synthesis of N-(naphthalen-1-yl)benzamide potassium (K1): The N-(naphthalen-1-
yl)benzamide L1 (0.25 g, 1.0 mmol) and potassium tert-butoxide (0.22 g, 2 mmol) was
added into 20 mL tetrahydrofuran, and then the mixture was stirred for 12 h at room tem-
perature. After that, the mixture was concentrated and n-hexane was added to precipitate
the compounds. The white precipitate was obtained and washed with toluene and diethyl
ether. The final product K1 (0.22 g, 0.75 mmol) was obtained as a white solid in a yield 75%.
1H NMR (400 MHz, d6-DMSO, TMS): δ 8.72 (d, J = 8.0 Hz, 1 H), 8.25 (d, J = 8.0 Hz, 2 H),
8.13 (d, J = 8.0 Hz, 1 H), 7.62 (d, J = 8.0 Hz, 1 H), 7.30–7.20 (m, 6 H), 7.07 (d, J = 8.0 Hz, 1 H);
13C NMR (100 MHz, d6-DMSO, TMS): 165.6, 150.5, 144.2, 133.8, 130.8, 127.8, 126.8, 126.4,
126.3, 125.1, 123.8, 121.8, 116.3, 115.4.

Synthesis of N-(4-bromonaphthalen-1-yl)benzamide potassium (K2): The N-(4-bro
monaphthalen-1-yl)benzamide L2 (0.33 g, 1.0 mmol) and potassium tert-butoxide (0.22 g,
2.0 mmol) was added into 15 mL tetrahydrofuran, and then the mixture was stirred for 12 h
at room temperature. After that, the mixture was concentrated and n-hexane was added to
precipitate the compounds. The white precipitate was obtained and washed with toluene
and diethyl ether. The final product K2 (0.29 g, 0.79 mmol) was obtained as white solid in a
yield of 79%. 1H NMR (400 MHz, d6-DMSO, TMS): δ 8.78 (d, J = 8.0 Hz, 1 H), 8.24–8.21 (m,
2 H), 8.15 (d, J = 8.0 Hz, 1H), 7.92 (d, J = 8.0 Hz, 1 H), 7.57–7.49 (m, 2 H), 7.42–7.31 (m, 4 H);
13C NMR (100 MHz, d6-DMSO, TMS): 167.1, 148.8, 142.9, 132.8, 132.0, 130.5, 128.4, 127.3,
126.6, 126.0, 125.6, 123.9, 118.6, 109.1.

Synthesis of N-(4-nitronaphthalen-1-yl)benzamide potassium K3): The N-(4-nitrona
phthalen -1-yl) benzamide L3 (0.29 g, 1.0 mmol) and potassium tert-butoxide (0.22 g,
2.0 mmol) was added into 15 mL tetrahydrofuran, and then the mixture was stirred 12 h at
room temperature. After that, the mixture was concentrated and n-hexane was added to
precipitate the compounds. The white precipitate was obtained and washed with toluene
and diethyl ether. The final product K2 (0.21 g, 0.72 mmol) was obtained as black solid in
a yield of 72%. 1H NMR (400 MHz, d6-DMSO, TMS): δ 8.90 (d, J = 8.0 Hz, 1 H), 8.86–8.84
(m, 2 H), 8.75 (d, J = 8.0 Hz, 1 H), 8.64 (s, 1 H), 8.25–8.23 (m, 1 H), 7.82–7.75 (m, 4H), 7.53
(t, J = 8.0 Hz, 1 H), 7.33 (t, J = 8.0 Hz, 3 H); 13C NMR (100 MHz, d6-DMSO, TMS): 159.1,
148.5, 132.6, 131.0, 130.9, 130.0, 129.4, 128.9, 128.2, 127.6, 127.3, 126.2, 124.9, 124.3, 124.1,
124.0, 110.9.

Synthesis of N-(dibenzhydrylnaphthalen-1-yl) benzamide potassium (K4): The N-
(dibenzhydrylnaphthalen-1-yl)benzamide L4 (0.30 g, 1.0 mmol) and potassium tert-butoxide
(0.22 g, 2.0 mmol) was added into 30 mL tetrahydrofuran, and then the mixture was stirred
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for 12 h at room temperature. After concentration, the n-hexane was added to precipitate
the compounds. The white precipitate was obtained and washed with dichloromethane
and diethyl ether. The final product K4 (0.30 g, 0.77 mmol) was obtained as a white solid
in a yield of 77%. 1H NMR: (400 MHz, d6-DMSO, TMS): δ 8.77 (s, 1 H), 8.21 (d, J = 8.0 Hz,
2 H), 7.95 (t, J = 8.0 Hz, 1 H), 7.81 (d, J = 8.0 Hz, 1 H), 7.31–18 (m, 11 H), 7.13 (d, J = 8.0 Hz,
4 H), 6.64 (d, J = 8.0 Hz, 1 H), 6.20 (s, 1 H). 13C NMR (100 MHz, d6-DMSO, TMS): 166.4,
145.1, 132.6, 129.8, 128.6, 128.0, 127.3, 126.4, 126.2, 125.1, 123.7, 122.8, 52.5.

Synthesis of 4-methyl-N-(naphthalen-1-yl) benzamide potassium (K5): The 4- methyl-
N-(naphthalen-1-yl)benzamide L5 (0.50 g, 2.0 mmol) and potassium tert-butoxide (0.44 g,
4.0 mmol) was added into 30 mL of tetrahydrofuran, and then the mixture was stirred for
12 h at room temperature. After concentration, the n-hexane was added to precipitate the
compounds. The white precipitate was obtained and washed with dichloromethane and
diethyl ether. The final product K5 (0.30 g, 1.12 mmol) was obtained as a white solid in yield
of 56%. 1H NMR: (400 MHz, d6-DMSO, TMS): δ 8.38 (s, 1 H), 8.08 (s, 2 H), 7.89 (s, 1H), 7.77 (s,
1 H), 7.37 (s, 4 H), 7.21 (s, 2 H). 13C NMR (100 MHz, d6-DMSO, TMS): 166.5, 134.5, 130.6, 128.6,
128.5, 127.9, 126.4, 125.6, 124.8, 124.6, 21.5.

Synthesis of 4-methoxy-N-(naphthalen-1-yl) benzamide potassium (K6): The 4- met
hoxy-N-(naphthalen-1-yl)benzamide L6 (0.50 g, 2.0 mmol) and potassium tert-butoxide
(0.44 g, 4.0 mmol) was added into 30 mL of tetrahydrofuran, and then the mixture was
stirred for 12 h at room temperature. After concentration, the n-hexane was added to precipi-
tate the compounds. The white precipitate was obtained and washed with dichloromethane
and diethyl ether. The final product K6 (0.39 g, 1.32 mmol) was obtained as a white solid
in a yield of 65%. 1H NMR: (400 MHz, d6-DMSO, TMS): δ 8.57 (d, J = 8 Hz, 1 H), 8.15
(d, J = 8 Hz, 2H), 8.02 (d, J = 8 Hz, 1 H), 7.65 (d, J = 8 Hz, 1 H), 7.32–22 (m, 2 H), 7.17 (d,
J = 8 Hz, 1 H), 6.86 (d, J = 8 Hz, 2 H). 13C NMR: (100 MHz, d6-DMSO, TMS): δ 163.4, 163.2,
161.6, 132.2, 131.7, 131.4, 131.0, 130.7, 129.3, 128.1, 126.5, 126.3, 126.0, 125.4, 124.4, 123.8,
116.1, 112.9.

Synthesis of 4-fluoro-N-(naphthalen-1-yl) benzamide potassium (K7): The 4- fluoro-
N-(naphthalen-1-yl)benzamide L7 (0.60 g, 2.0 mmol) and potassium tert-butoxide (0.44 g,
4.0 mmol) was added into 30 mL of tetrahydrofuran, and then the mixture was stirred for
12 h at room temperature. After concentration, the n-hexane was added to precipitate the
compounds. The white precipitate was obtained and washed with dichloromethane and
diethyl ether. The final product K7 (0.40 g, 1.34 mmol) was obtained as a white solid in a
yield of 67%. 1H NMR: (400 MHz, d6-DMSO, TMS): δ 8.71 (d, J = 8 Hz, 1 H), 8.30–8.27 (m,
2 H), 8.15 (d, J = 8 Hz, 1 H), 7.63 (d, J = 8 Hz, 1 H), 7.30–7.21 (m, 3 H), 7.11–7.06 (d, 3 H);
13C NMR: (100 MHz, d6-DMSO, TMS): δ 165.8, 165.5, 163.4, 134.2, 131.4, 131.3, 131.0, 130.9,
129.7, 128.5, 126.8, 126.5, 126.4, 125.9, 124.4, 123.8, 115.9, 115.7.

Synthesis of N-(9H-fluoren-9-yl)benzamide potassium (K8): The N-(9H-fluoren-9-
yl)benzamide L8 (0.28 g, 1.0 mmol) and potassium tert-butoxide (0.22 g, 2.0 mmol) was
added into 20 mL tetrahydrofuran, and then the mixture was stirred for 9 h at room tem-
perature. After that, the mixture was concentrated and n-hexane was added to precipitate
the compounds. The white precipitate was obtained and washed with toluene and diethyl
ether. The final product K8 (0.26 g, 0.82 mmol) was obtained as a white solid in a yield of
82%. 1H NMR (400 MHz, d6-DMSO, TMS): δ 8.06 (d, J = 8.0 Hz, 1 H), 7.94 (t, J = 4.0 Hz,
1 H), 7.86 (d, J = 8.0 Hz, 2 H), 7.52 (d, J = 8.0 Hz, 2 H), 7.44–7.37 (m, 2 H), 7.29–7.11 (m, 4 H),
6.83 (s, 1 H), 6.47 (s, 1 H); 13C NMR (100 MHz, d6-DMSO, TMS): 166.1, 128.4, 128.1, 127.2,
124.2, 120.2, 114.0, 113.8, 55.1.

Synthesis of N-(anthracen-9-yl)benzamide potassium (K9): the N-(anthracen-9-yl)be
nzamide L9 (0.30 g, 1 mmol) and potassium tert-butoxide (0.22 g, 2.0 mmol) was added
into 20 mL of tetrahydrofuran, and then the mixture was stirred for 12 h at room tempera-
ture. After that, the mixture was concentrated and n-hexane was added to precipitate the
compounds. The white precipitate was obtained and washed with toluene and diethyl
ether. The final product K9 (0.26 g, 0.82 mmol) was obtained as a yellow solid in a yield of
82%. 1H NMR (400 MHz, d6-DMSO, TMS): δ 8.56 (s, 4 H), 8.24 (d, J = 8.0 Hz, 2 H), 8.17 (d,
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J = 8.0 Hz, 2 H), 7.82 (d, J = 8.0 Hz, 2 H), 7.29 (t, J = 8.0 Hz, 1 H), 7.11 (d, J = 8.0 Hz, 2 H);
13C NMR (100 MHz, d6-DMSO, TMS): 167.1, 153.8, 144.1, 128.5, 127.4, 127.1, 125.7, 120.4,
125.4, 55.4

Synthesis of N-(Pyrene-1-yl)benzamide potassium (K10): The N-(Pyrene-1-yl)be
nzamide L10 (0.32 g, 1.0 mmol) and potassium tert-butoxide (0.22 g, 2.0 mmol) was added
into 20 mL of tetrahydrofuran, and then the mixture was stirred for 12 h at room tempera-
ture. After that, the mixture was concentrated and n-hexane was added to precipitate the
compounds. The white precipitate was obtained and washed with toluene and diethyl
ether. The final product K10 (0.28 g, 0.83 mmol) was obtained as a yellow solid in a yield of
83%. 1H NMR (400 MHz, d6-DMSO, TMS): δ 8.93 (d, J = 8.0 Hz, 1 H), 8.78 (d, J = 8.0 Hz,
1 H), 8.33 (d, J = 8.0 Hz, 2 H), 7.93–7.86 (m, 4 H), 7.81–7.78 (m, 2 H), 7.68 (d, J = 8.0 Hz, 1H),
7.36–7.30 (m, 3 H); 13C NMR (100 MHz, d6-DMSO, TMS): 167.0, 132.1, 132.0, 129.1, 128.5,
128.1, 127.9, 127.2, 125.8, 125.6, 124.3, 123.1, 122.4, 122.3, 122.1, 122.0.

3.4. General Procedure for the ROP of L- LA and rac-LA

All procedures using L-LA as the monomer were similar; a typical polymerization was
detailed as follows, using K2 as the representative precatalyst. Complex K2 (20 µmol) was
introduced to a Schlenk flask and a toluene solution of benzyl alcohol (0.2 mL, 100 µmol/mL
in toluene). The reaction mixture was stirred at room temperature for 5 min before the flask
was placed in a temperature-controlled oil bath preheated to the designated temperature,
and L-LA (0.72 g, 5.00 mmol) and toluene (0.8 mL) was promptly injected. After the mixture
was stirred for the designated time, the resulting viscous solution was transferred into a
beaker containing cold methanol (100 mL) and stirred. The resulting polymer was collected
on filter paper and dried under reduced pressure to provide the PLLA as a white solid. The
polymerizations using rac-LA as a monomer were conducted in a similar manner to that
described for L-LA.

3.5. Crystal Structure Determination

Single crystals of K2 and K10 suitable for X-ray structural analysis were grown from
a mixture of THF and n-hexane at room temperature. The single crystal X-ray diffraction
studies was performed on a Rigaku RAXIS Rapid IP diffractometer with graphite mono-
chromated Cu-Kα radiation (λ = 1.54184 Å) at 170(10) K. Reflections were merged by
SHELXL according to the crystal class for the calculation of statistics and refinement [68].
Intensities were corrected for Lorentz and polarization effects and empirical absorption.
The structures were solved by direct methods and refined by full matrix least-squares
on F2. All non-hydrogen atoms were refined anisotropically. Structure solution was
performed by using the OLEX2.solve, and refinement was performed by using the SHELXL
package [69,70]. Details of the X-ray structure determination and refinement are provided
in Table S1.

4. Conclusions

In summary, a series of potassium amidate complexes K1–K10 were prepared and
characterized by 1H/13C NMR. The crystal structure of K2, K10 showed that the interaction
between K and aryl ring generated a “CpM” form. All potassium complexes exhibited high
catalytic activity towards ring-opening polymerization of L-lactide, and the substituent
greatly affected their activity. When the molar ratio of [LA]:[K] was 500, at 50 ◦C, in the
presence of BnOH, the monomer conversion by these potassium complexes K1–K10 is
higher than 70% within 10 min, and the monomer conversion could reach 96% within
15 min. The structural analysis of the obtained PLLA shows that all of them had a linear
structure with CH3O- as the end group. In addition, these potassium complexes exhibited
moderate to good selectivity, with Pm ranging from 0.56 to 0.76 for ROP of rac-LA, and
substituent on the ligand and the reaction time greatly affected the monomer conversion
and isoselectivities.
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