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ABSTRACT: Herein we report the synthesis of new ditopic ligands, which consist of a phenoxy group and N,N,N’-
trisubstituted amidines linked by a methylene spacer (L1-L4). Their coordination chemistry has been
studied/investigated with Zn(ll) and Al(l11). Alkane elimination route between the phenol-amidine proligands (L1H-
L4H) and Et,Zn led to dinuclear complexes [(L1-L4)ZnEt], (1a-4a) in which the Zn centers are chelated by
phenoxyamidine ligands and bridged through the oxygen atom of the phenoxy groups. Salt metathesis reaction
between two equivalents of the sodium amidine phenate L1Na and ZnCl; led to a bis-chelate chiral spiro-complex
(L1,Zn) 1a’. Analogous alkane elimination route between AlMe; and the phenol-amidine proligands L1H-L4H
allowed the preparation of the mononuclear complexes [(L1-L4)AIMe;] (1b-4b). The phenoxyamidine-Al and Zn
complexes have been characterized by NMR spectroscopy, elemental analysis and/or high resolution ESI-MS. The
solid state structures of the proligands [L1H;][Br] and L2H as well as of six complexes have been established by
single crystal X-ray diffraction analysis. Fluxional properties of the proligands L1H-L2H and of the complexes 1a
and 2b have been investigated by VT NMR experiments. In the presence of an alcohol source, complexes 1a-4a
and 1b-4b were used as initiators for the controlled ring-opening polymerization (ROP) of rac-lactide to afford
atactic polylactic acid (PLA).

INTRODUCTION phenoxyamine (IV)® and phenoxyiminophosphorane
(V)° have been described. The phenoxy moiety has
also been combined with a great variety of N-
heterocycles to furnish ditopic ligands.!® These
variants have proven to be very effective, surpassing
in several cases the performances of the original
phenoxyimine derivatives. With this in mind, we seek
to develop a new class of ligand (VI) by replacing the
imine function of phenoxyimines with a N,N,N'-
trisubstituted amidine. The additional NR’, group in
the amidine moiety with respect to the imine function
should make it possible to generate a great diversity
of structures, provide additional steric bulk close to
the metal center and confer enhanced ni-donor ability
to the ligand. The methylene spacer as well as the
reversed orientation of the imino group (C=N) of the

Phenoxyimines (l), also known as hemisalen, are
among the most versatile ligands in coordination
chemistry and afford particularly efficient metal
complexes for catalytic purposes (Fig. 1).%*® These
ligands have also found applications in therapy* and in
preparation of liquid crystalline metal complexes.”
One advantage of these ligands, beside their ease of
access, is the possibility to fine-tune their
stereoelectronic properties by introducing different
substituents onto the phenoxy ring or at the nitrogen
atom of the imine function. Greater alterations of
these properties have been brought about by
replacing either the phenoxy or the imine moiety by
another donor group. As representative examples,
thiophenoxyimine (n),® anilidoimine (m,’



amidine moiety, compared to phenoxyimine, should
allow the formation of a 6-membered chelate ring
while preserving the E-configuration of the N,N,N"*-
trisubstituted amidine, which is more
thermodynamically favorable.?
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Figure 1. Phenoxyimines () and related ligands.

One should highlight that the coordination chemistry
of N,N,N’-trisubstituted amidine remains little
explored thus far.?? This might be explained by the fact
that this chemistry is dominated by the negatively
charged amidinate ligands for which N,N,N™-
trisubstituted amidine are de facto excluded.® Kirillov
and Carpentier described previously phenoxy-
amidinate ligand (VIl) and their group 4 and Rare-
Earth metal complexes.’ They also showed that the
protonated monoanionic form of this ligand (i.e.
phenoxyamidine) can coordinate both yttrium and
zirconium metal ions, the presence of the NH
functionality being a priori detrimental to olefin
polymerization activity. Herein we report the
synthesis of a series of phenoxyamidine ligands (VI)
bearing a N,N,N’-trisubstituted amidine and their
coordination  chemistry zinc(ll) and
aluminum(lll) metal ions. The catalytic activity of
these complexes in the ROP of rac-lactide was studied
and is also reported herein.?®

toward

RESULTS AND DISCUSSION

Synthesis of ligands and complexes. The phenol-
amidine proligands L1H-L4H were prepared by two
different methods depending on the amidine-carbon
substituent (Scheme 1).1¢

Scheme 1.
proligands?®
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2Reagents and conditions: (a) NEts (5 equiv.), DCM, 0
°Ctor.t., 16 h; (b) DCM, MW, 50 °C, 10 min.

For the benzamidine proligands L1H and L2H (method
a), Vilsmeier-type reagents were prepared from oxalyl
chloride and resulting
chlorobenziminium chloride salts were next reacted
with 2-hydroxybenzylamine in the presence of 5
equiv. of triethylamine in dichloromethane to afford
LIH and L2H proligands with good yield on a
(multi)gram scale. A 'H NMR stability study revealed
that L1H is not stable in CD,Cl, and leads to the
formation of 2-phenyl-4H-3,1-benzoxazine and
dimethylamine (Fig. S9, Sl). This intramolecular ring-
closing reaction is however rather slow and reaches
90% conversion after 15 days. The phenol-
formamidine and -acetamidine proligands L3H and
L4H (method b) were obtained in one step from 2-
hydroxybenzylamine and either N,N-
dimethylformamide dimethyl acetal or N,N-
dimethylacetamide dimethyl acetal under microwave
irradiation (10 min., 50°C).Y” No degradation of L2H-
L4H was observed in CDCl; at room temperature even
after a prolonged period of time. The amphoteric
character of the phenoxyamidine ligands was
evidenced from L1H, which was converted into
phenoxyamidinium bromide [L1H;][Br] by addition of
bromohydric acid or into sodium phenoxyamidine
L1Na using NaH as a base. The proligands L1H-L4H, as
well as the protonated and deprotonated form of L1H,
were characterized by NMR spectroscopy, IR
spectroscopy, exact mass and elemental analysis. The
IH NMR spectrum of the phenoxyamidine proligand
L1H (Fig. S1, SI) features a broad signal (Avi,= 99.12

suitable amide. The



Hz) centered at 6 = 2.85 ppm for the NMe; group,
which is splitted into two singlets at 6 = 2.91 and 3.48
ppm in the case of [L1H:][Br] (Fig. S17, SI) attesting of
the higher restricted rotation around the amidine
bond when protonated. The pyrrolidine ring protons
in L2H (Fig. S25, SlI) give four poorly resolved
multiplets also showing restricted rotation of the
heterocycle. The NMe; group in L3H (Fig. S35) gives a
slightly broadened singlet (Avy,= 6.02 Hz) at 6 = 2.88
ppm, while a sharp singlet at & = 2.95 ppm (Av2=
1.26 Hz) is observed in the case of L4H (Fig. S40, SI).*
Other signals in the 'H NMR spectra of L1H-L4H
appear well resolved with a characteristic sharp
singlet integrated for two protons for the methylene
linker at 4.3-4.6 ppm. The fluxional behaviors of L1H
and L2H were further probed by a variable
temperature H NMR study (Fig. S7 and S31).
Rotational barriers in L1H and L2H were calculated to
be 55.5(10) and 61.5(5) k) mol™® from Eyring equation,
significantly  higher than in N,N-dimethyl-N’-
benzylbenzamidine for which a rotational barrier of
50.2 kJ mol™ has been determined.’®? The restricted
rotation of the amidine bond is also reflected in the
13C NMR spectra of L1H and L2H which display a broad
signal at 6 = 38.5 ppm for the NMe; group in L1H and
four signals at § = 49.3, 46.9, 25.8 and 24.9 ppm for
the pyrrolidine ring in L2H at 298 K. Earlier studies
have shown that °N chemical shifts difference (A8*°N)
between the imino and the amino nitrogen atoms of
an amidine reflects the nitrogen lone pair
delocalization and can be correlated with the
substituted
amidines.?! The comparison of the A8¥®N values in
[L1H:][Br], L1H and N,N-dimethyl-N’-
benzylbenzamidine indicates a less delocalized n-
system in the latter (Fig.2). The pronounced
delocalization of the NR; lone pair in L1H is most
probably a consequence of an intramolecular
hydrogen bonding between the hydroxy group and
the amidine function (see below), and may account
for the restricted rotation of the amidine moiety.

rotational barrier for analogously
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Figure 2. °N chemical shifts (ppm) and A8™N values
for [L1H:][Br], L1H and related N,N-dimethyl-N’-
benzylbenzamidine.??

The IR spectra of L1H-L4H exhibit a very broad band
between 3000 and 2100 cm™ with the maximum near
2500 cm™ associated with phenol with hydrogen-
bonded OH stretch (Fig. S8, $33, S39 and S44). The
structures of [L1H;][Br] and L2H were confirmed by X-
Ray diffraction analysis (Fig. 3). [L1H2][Br] crystallizes
in the P-1 triclinic space group with two independent
molecules in the asymmetric unit while L2H crystalizes
in the Pbca orthorhombic space group. Both amidine
and amidinium moieties adopt (E) configuration. In
the solid state, they feature planar geometry as
reflected by the sum of angles around N atoms close
to 360° and torsional angles w(N1-C1-N2-C15) close
to 180°. For the two molecules, the amidine-carbon
phenyl is almost orthogonal to the N-C—N “amidine
plane” with a torsional angles ¢@(N1-C1-C9-C15) of -
99.8(3)° [-104.5(3)°] in [L1H.][Br] (the bracketed value
is given for the second independent molecule present
in the asymmetric unit) and 110.35(17)° in L2H.
Concerning the phenol group, it is also orthogonal to
the “amidine plane” for [L1H;][Br], while coplanarity
is observed for L2H due to hydrogen bonding between
the hydroxy group and the amidine function. The C-N
bond lengths in L2H (N2-C1 1.350(2) A; N1-C1
1.297(2) A) range between single and double bond
and are less differentiated than in analogously
substituted amidine, which is consistent with a
delocalized TEsystem.2? Expectedly, C-N bond lengths
are almost identical in [L1H,][Br] (N1-C1 1.323(3) A vs
N2-C11.313(3) A[1.320(4) Avs 1.315(3) A] ) due to a
more delocalized TEsystem for the amidinium moiety.
Noteworthy, the conformation of L2H observed in the
solid state seems to predominate in solution at low
temperature as attested by NOESY NMR experiment,
which showed through-space correlations at 250 K
between the phenolic proton and one pair of Hq
protons of the pyrrolidine ring (Fig. S28).



Figure 3. ORTEP views of [L1H;][Br] (left) and L2H
(right) and definition of torsion angles w and ¢. For
[L1H:][Br] both independent molecules exhibiting the
same conformation, only one molecule is
represented. Selected distances (A) and angles (deg):
[L1H:][Br] (bracketed data correspond to the second
independent molecule): C1-N1 1.323(3) [1.320(4)],
C1-N2 1.313(3) [1.315(3)], w -179.7(2) [172.9(2)],
© -99.8(3) [-104.5(3)], Zan: 359.9(3) [359.8(4)]. L2H:
C1-N1 1.2970(19), C1-N2 1.350(2), w 172.11(14), ¢
110.35(17), oz 359.6(2).

With these proligands in our hands, their coordination
chemistry with Zn(ll) was first studied through
reaction of equimolar amounts of L1H-L4H and Et;Zn
in hexane/THF or hexane/DCM at room temperature
(Scheme 2). X-Ray analysis of single crystals of 1a and
2a showed that dinuclear complexes (LZnEt), were
formed in these conditions (Fig. 4). 1a crystalizes in
the P-1 triclinic space group and two independent
half-molecules are present in the asymmetric unit; the
two molecules exhibiting very similar conformations.
2a crystalizes in the P2;/c monoclinic space group, one
half molecule is present in the asymmetric unit. All Zn
centers are coordinated in a pseudo tetrahedral
geometry by a phenoxyamidine ligand in a B?O,N’-
chelate fashion, one residual ethyl group and one
bridging oxygen atom of the second phenoxyamidine
ligand. The phenoxyamidine ligands form with the
Zn(Il) center 6-membered metallacycles in a boat-like
conformation in the case of 1a and half chair-like
conformation for 2a. This difference of conformation
between 1la and 2a arises from a torsion of the
phenylenemethylene linker in 2a putting the
phenylene ring into the plane defined by N, O and Zn
atoms and the methylene group outward. The
amidine moiety keeps the same conformation and
configuration as observed in [L1H2][Br] and L2H, thus

with one of the alkyl substituents of the amino group
on the metal side. It is worth noting that the
coordination to Zn(ll) has no influence on the relative
C—-N bond lengths of the amidine moiety: C1-N1
1.300(2) [1.308(2)] A, 1.303(2) A and C1-N2 1.356(2)
[1.358(2)] A, 1.343(2) A for 1a and 2a, respectively.
The bond lengths Zn—-0 and Zn—-N are in the range of
those observed in phenoxyimine Zn complexes.?® *H
NMR spectra of complexes 1a-4a show fluxionality in
solution with a broadening of most of the signals
except for the resonance associated with the
phenylene linker. DOSY NMR experiments were next
conducted on 1a to determine the nuclearity of the
complex in solution (Fig. S51 and tables S4-S5, SlI). 1a
revealed a diffusion coefficient of 1.22 x 10° m%s?
(CDCly, 298 K) in between the calculated value of the
monomer (1,53 x 10° m?2.s?) and the dimer (1,13 x 10°
° misl). This average suggests a
monomer/dimer equilibrium in solution with a fast
exchange at the NMR time-scale. Aiming to better
understand the structure of 1a in solution, we carried
out variable-temperature *H NMR study (Fig. 5).

value

Scheme 2. Synthesis of the (phenoxyamidine)Zn
complexes

(- CHaCHy) Et\ZF'O
R'ZN\fN
R
L1H-L4H 1a:R =Ph, R'=Me (66 %)
2a:R =Ph, R-R'=-(CHy) (44 %)
3a:R =H, R'= Me (83 %)
4a:R =Me, R' = Me(86 %)




Figure 4. ORTEP views of complexes 1a (left, only one
molecule is represented) and 2a (right) (hydrogen
atoms omitted for clarity). Selected distances (A) and
angles (deg): 1a (bracketed data correspond to the
second independent molecule): Zn—-0 2.0434(10)
[2.0345(11)], Zn-O' 2.0553(10) [2.0618(11)], Zn-N1
2.0647(13) [2.0617(13)], Zn—C17  2.0142(16)
[2.0366(15)], C1-N1 1.3004(19) [1.308(2)], C1-N2

1.3562(19) [1.358(2)], 0-Zn-O' 83.33(4) [82.65(4)],
N1-Zn—C17 131.73(6) [125.19(6)], w 165.43(16) [-
162.61(14)], @ 109.77(19) [-118.46(17)], Zan2 360.0(2)
[360.0(3)]. 2a: Zn—-O 2.0524(11), Zn—O' 2.0169(11),
Zn-N1 2.1069(12), Zn—C19 2.0104(16), C1-N1
1.3030(18), C1-N2 1.3426(19), 0-Zn—O' 82.04(4), N1-
Zn-C19 107.25(6), w 171.06(14), @ -84.7(2), Zow:
359.8(2).
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Figure 5. Variable-temperature 'H NMR spectra of 1a (600 MHz, CD,Cl,). Dynamic behavior of 1a and monomer-

dimer equilibrium.

Upon cooling, the benzylic CH; signal centered at 6 =
4.13 ppm broadens and decoalesces into AB system
(Tc = 292.5 K). A split of the signal of the methylene
protons of the ethyl zinc ligand was observed at lower
temperatures (Tc=272.5 K). This diastereotopic
splitting arises from steric constraints and restricted
movement of the phenylenemethylene linkers at low
temperature giving rise to sp’-sp® atropoisomerism
(motion and related signals labelled by “*” on Fig. 5).
Additional restricted rotation of the phenyl-amidine
bond gives rise to two resonances for the
diastereotopic ortho-phenyl protons (Tc = 277.5 K).
The energy barrier for the flipping motion of the 6-
membered metallacycle was estimated to 55.6(5) kJ
mol? from Eyring equation, which is consistent with

the non-persistence of the chiral bent structure of the
phenoxyamidine ethyl Zn fragment in the dinuclear
complex 1a at ambient temperature.?> Upon further
cooling (from 265 K), part of the signals decoalesces
giving rise to a new set of signals that can be
tentatively assigned to the monomeric complex
species (signals of the monomer labelled by “x” on the
spectrum registered at 230 K, Fig. 5).2* New ethyl zinc
ligand signals at & = 0.17 and 1.31 ppm are clearly
visible and correspond to a proportion of 33% of
monomer at 250 K that tends to decrease at lower
temperatures (21% at 200 K). With respect to the
restricted rotation around the amidine bond, NMe;
signal centered at 6 = 2.95 ppm collapses below 240 K
(Tc =237.5 K) and then split into two singlets (labelled



by “y” on Fig. 5). The corresponding smaller barrier
found in 1a (44.4(5)kl.mol?) compared to L1H
(55.5(5) kl.molY) might appear surprising at first sight,
but can be rationalized considering the hydrogen
bonding in the latter.

Previous studies have shown that phenoxyimine
ligands have a propensity to give rather homoleptic
zinc complexes (L.Zn) than heteroleptic complexes
(LZnX).2>?¢ This phenomenon was not observed with
L1H-L14H, so we check if
bis(phenoxyamidine)Zn homoleptic complex can
nevertheless be formed. To this end, we carried out
the reaction between sodium phenoxyamidine salt
LINa and ZnCl; in 2:1 ratio and got the
bis(phenoxyamidine)Zn complex 1a’ in 35% yield
after recrystallization (Scheme 3). Suitable crystals for
X-Ray diffraction study were obtained by layering
pentane to saturated dichloromethane solution of 1a’

(Fig. 6).

wanted to

Scheme 3. Synthesis of a (phenoxyamidine),Zn
complex

Ph
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Ph
L1Na 1a' (35 %)

Figure 6. ORTEP view of 1a’ (hydrogen atoms are
omitted for clarity). Selected distances (A) and angles
(deg), bracketed data correspond to the second ligand
labeled by “a”: Zn—-0 1.949(2), Zn—0a 1.940(2), Zn—N1
2.013(3), Zn-N1a 2.009(3), N1-C1 1.313(4) [1.311(4)],
N2—C1 1.351(4) [1.355(4)], O—Zn—0a 119.07(9), N1-
Zn—N1la 134.46(9), w 162.3(3) [-151.6(3)], ¢ 114.4(3)
[-121.9(3)], Zan2 359.6(4) [359.9(4)].

1a’ crystallizes in the P2;/c monoclinic space group. Zn
atom links two phenoxyamidine ligands in a pseudo

tetrahedral geometry giving rise to a chiral spiro-
complex with an approximate C2 symmetry. Both
metallacycles adopt a half chair-like conformation
similar to the one observed for complex 2a. The
chirality of the complex 1a’ is reflected in the *H NMR
spectrum by a diasterotopic splitting of the benzylic
CH, protons signals into a set of two doublets (AB spin
system, Fig. S68). Diastereotopicity is also observed
for the ortho-protons of the phenyl ring, due to the
restricted rotation of the phenyl-amidine bond.

Phenoxyamidine ligands were coordinated to Al(lll)
via an alkane elimination route similar to the one used
in Zn series. Thus, the phenol-amidine proligands L1H-
L4H were reacted with AIMes in THF or DCM at room
temperature to yield the phenoxyamidine dimethyl
aluminium complexes 1b-4b in 75 to 85% yields
(Scheme 4). Compared with Zn(ll) analogues, the *H
NMR spectra of Al(lll) complexes show sharper signals
along with a more upfield shielded signal of the
methylene linker (A8 = 0.2 ppm). A single 'H NMR
signal from NMe; group in complexes 1b, 3b and 4b
and only two signals for the pyrrolidine ring in 2b are
displayed on spectra, which is consistent with a fast
rotation around the amidine bond with respect to
NMR time scale at room temperature (Fig. $73, S79,
S85, S90). Consistently, phenyl-amidine bond
rotational barrier of 51.9(5) kJ mol! was determined
in complex 2b by VT NMR study (Fig. S83).2° X-Ray
diffraction study of complexes 1b (monoclinic, P2,/c)
and 2b (monoclinic, P2:/n) revealed a pseudo-
tetrahedral geometry around the Al atom, which
forms with the phenoxyamidine ligand a 6-membered
metallacycle in a boat like conformation (Fig. 7).

Scheme 4. Synthesis of the (phenoxyamidine)Al
complexes

i X
©\/\N//‘\NR'2 AlMes @\/\N/ NR',
T \
OH (- CHy) of/‘xl\Me
Me

L1H-L4H 1b:R=Ph, R'=Me (77 %)
2b: R = Ph, R-R'=-(CHp)4- (75 %)
3b: R = H, R' = Me (76 %)

4b: R = Me, R'=Me (85 %)
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Figure 7. ORTEP views of 1b (left) and 2b (right)
(hydrogen atoms omitted for clarity). Selected
distances (A) and angles (deg): 1b: Al-O 1.7769(13),
AlI-N1 1.9601(14), AI-C17 2.0051(19), AI-C18
1.9757(19), N1-C1 1.324(2), N2—-C1 1.337(2), O-AI-N1
96.58(6), C17-Al-C18 117.74(8), w 163.83(15), ¢
112.22(18), Zanz 360.0(2). 2b: AlI-0 1.7874(13), AI-N1
1.9674(15), AI-C19 1.9690(19), Al-C20 1.962(2), N1-
C1 1.314(2), N2—C1 1.334(2), O—Al-N1 97.06(6), C19-
Al-C20 119.06(9), w 170.82(15), ¢ 106.77(19), Zan:
359.9(2).

The geometry of the amidine fragmentis similar to the
one observed in Zn complexes 1a and 2a but with
smaller difference between C=N and C-N bond
lengths (Acy = 0.013(3) A and 0.019(3) A in 1b and 2b,
respectively). Analogous phenoxyimine dimethyl
aluminum complex reported by Nomura shows similar
tetrahedral geometry around Al, a nearly planar 6-
membered metallacycle, shorter Al-C bond lengths
and a longer AlI-N bond length probably due to the
less electron donating ability of imines with respect to
amidines.*

ROP of Lactide. The heteroleptic Zn(Il) and Al(lll)
complexes 1a-4a and 1b-4b, respectively, were tested
as ROP initiators for rac-lactide ROP in the presence of
1 equiv. of 'PrOH or BnOH as the alcohol source. The
results are compiled in Table 1. All Zn(ll) species
readily polymerize lactide (100 equiv) at room
temperature within 2 to 7 h to afford atactic PLA, as
deduced from NMR and SEC data (Fig. S101-106). The
phenoxyamidine Zn complexes 1la-4a give rise to
apparent TOF up to 50 mol of LA (mol of Zn)? h'l.
These values are higher than that of the phenoxyimine
chelate Zn complexes reported by Chisholm?®
(apparent TOF up to 6 mol of LA (mol of Zn)* h) but
do not compare with the most active Zn catalysts
reported to date.?’

Table 1. ROP of lactide mediated by 1a-4a and 1b-4b°

0
)’Krrr‘ 0
0 cat./ROH 4)%03\
nﬂﬁjﬁ(o R =Bn, iPr an
O rac-LA PLA
M
Ry Cat Tim T  Con v
n ROH e (°C v Z& b’
(h)y ) (%) Z
theo)
1 1a¢ PrO 2 RT 99 9300 1.5
H 3
(1420
0)
2 2a8  PrO 2 RT 96 14700 1.0
H 2
(1380
0)
3 2a8 BnO 7 RT 100 12700 1.0
H 8
(21430
0)
4 3a8 PrO 2 RT 96 15250 1.8
H 3
(1380
0)
5 4a¢ ‘PrO 2 RT 98 12900 1.6
H 5
(1410
0)
6 1b" PrO 24 70 94 4700 1.2
H 9
(1355
0)
7 |2b" PrO 24 70 56 7400 1.0
H 6
(8100)
8 2b" 'PrO 12 90 97 12900 1.0
H 5
(1400
0)
9 2b" BnO 10 90 100 12100 1.0
H 7
(1440
0)




10 |3b" PrO 24 70 89 3500 2.1

H
(1283
0)
11 |4b" PrO 24 70 98 6900 1.4
H
(1410
0)

“Polymerization conditions: [rac-LA]o = 1 M, 100 equiv
of rac-LA, 1 equiv of ROH (‘PrOH or BnOH) and 1 equiv
of metal catalyst. P“Reaction
9 Calculated using Mumeo = [rac-
LA]o/[catalyst]o x Ma x conversion. “Measured by GPC
in THF (30 °C) using PS standards and corrected by
applying the appropriate correcting factor (0.58). f
Measured by GPC in THF (30 °C). ¢ in CHxCl;, room
temperature. "in toluene. ' not optimized.

time. ‘Monomer

conversion.

A comparison between 1a, 3a and 4a shows that
modification of the ligand backbone has little
influence on activity. These results contrast with those
of Lin and co-workers, who has shown that tridentate
Schiff base Zn complexes bearing Ph or Me substituent
on the imine-carbon showed much higher catalytic
activities than salicylaldimine derivatives.?®?® For all
Zn(Il) species (1a-4a), the formed PLA is chain-length
controlled in good agreement with the expected
values, though narrow disperse PLA (D < 1.1) is only
produced with catalyst 2a, which incorporates a
phenyl group on the amidine carbon and a more
sterically hindered pyrrolidine-amidine moiety
(entries 2 and 3, Table 1). Kinetic data gathered for
catalysts 1a and 2a agree with a controlled ROP in
both cases, including: i) a linear correlation between
the PLA Mn values and lactide conversion as the ROP
proceeds (Fig. S98 and S100); ii) a reaction rate law
observed to be first order in monomer (Fig. S99).

'H NMR monitoring experiments of a 1/1 1a/'PrOH
mixture in CD,Cl, showed ethane evolution and the
formation of an alkoxy complex 1a” along with other
species that were identified as the homoleptic
complex 1a’ and EtZn(O'Pr) (Fig. $95-596). Both Zn—OR
species 1a” and EtZn(O'Pr) may account for the
observed lactide ROP activity of the 1a/'PrOH catalytic
system. X-Ray diffraction study conducted on a single
crystal of 1a” (triclinic, P-1) grown from the NMR
sample confirmed the formation of an alkoxy complex

revealing a dinuclear Zn complex bridged by the
oxygen atom of the isopropoxy groups (Fig. 8). The
geometry around the Zn atoms is pseudo tetrahedral.
Both (phenoxyamidine)Zn metallacycles feature boat
like conformation folded in the same direction. The
amidine moiety in 1a” is in E-configuration with planar
arrangement and with slightly smaller difference
between the C=N and C-N bond lengths (Acn =
0.036(3) and 0.030(3) A) than in 1a (Acy = 0.056(3) A).
In the case of 2a/BnOH, MALDI-TOF data of the
produced PLA are consistent with a BnO-end-capped
linear PLA. The latter is in line with a ROP process
occurring  through a
mechanism from an in situ formed Zn-OBn species
that acts as the actual catalyst.

coordination-insertion

Figure 8. ORTEP view of 1a” (hydrogen atoms are
omitted for clarity). Selected distances (A) and angles
(deg), bracketed data correspond to the second
moiety labeled by “a”: Zn—02 1.9548(11), Zn-02a
1.9561(13), zZn-01 1.9276(12) [1.9252(12)], Zn-N1
2.0090(14) [2.0043(13)], Zna-02 1.9514(12), Zna—-02a
1.9639(12), N1-C1 1.310(2) [1.314(2)], N2-C1
1.345(2) [1.343(2)], 02a-Zn—02 82.86(5), 02a—Zna—
02 82.75(5), 01-Zn-N1 99.24(5) [99.21(6)], w
170.67(16) [163.74(16)], ¢ 105.64(19) [110.91(19)],
Zanz 360.0(3) [360.0(3)].

When using catalyst 4a, the ROP of lactide proceeds
with a moderate control leading to the production of
broadly disperse PLA, which is likely due to the
formation of linear and cyclic PLA as deduced from
MALDI-TOF data (Fig. S105-S106). As summarized in
Table 1, Al(Ill) complexes 1b-4b all mediate the ROP of
lactide (70 °C or 90 °C, toluene) in the presence of
'PrOH/BNOH, albeit with a moderate activity
(apparent TOF up to 10 mol of LA (mol of Al)* h?)
comparable to those reported by Carpentier,®
Nomura,*® Chen,® Redshaw?! and Pappalardo®® with
Al(llI) Schiff base initiators.3? Similarly to the Zn(ll)



analogues, the pyrrolidine-incorporating derivative 2b
performs best whether regarding ROP control and
activity to afford narrow disperse and chain-length
controlled PLA in good agreement with the expected
PLA M,s (entries 7-9, Table 1). In contrast, PLAs with a
broader polydispersity (ranging from 1.29 t0 2.17) and
lower M, values than theoretically expected are
produced using less sterically hindered catalysts 1b,
3b and 4b in combination with 'PrOH (entries 6, 10
and 11, Table 1), indicating a poorly controlled ROP
process. The latter likely indicates an ill-defined ROP
catalytic system, presumably due to the sluggish
activation of Al dialkyl precursors 1b, 3b and 4b by
PrOH, as suggested by H NMR monitoring
experiments. Kinetic data for lactide ROP initiated by
2b/BnOH all support a well-controlled ROP process
(Fig. S108-S112) and MALDI-TOF data are consistent
with a BnO-ended linear PLA (5113 and S114). Overall,
within the ligand series, the better ROP performances
of the pyrrolidine-bearing metal complexes (2a and
2b) clearly indicate that substantial steric protection
of the Zn(l1)/Al(Ill) metal centers is beneficial to lactide
ROP control and the production of narrow disperse
PLA.

Conclusion

We have developed the synthesis of new ditopic
ligands, which combine a phenoxy group and a N,N,N’-
trisubstituted amidine spaced by a methylene linker.
The coordination chemistry of these ligands has been
investigated with Zn(ll) and Al(lll) metal ions resulting
variety of discrete metal complexes.
Phenoxyamidines behave as bidentate ligands
coordinated through O and N’ donor atoms. In the
solid state, phenoxyamidines feature planar geometry
and E-configuration with little difference between
C=N and C-N bond Ilengths highlighting the
conjugated character of the amidine function. In the
Zn(ll) and Al(lll) complexes, the amino NR’; group of
the amidine function does not bind to the metal but
provides steric bulk about it. NMR studies have shown
that the phenoxyamidine complexes are fluxional in
solution with both a flipping motion of the
metallacycle and the rotation about the C—N amidine
bond. With respect to lactide polymerization activity,
the heteroleptic phenoxyamidine Zn(ll)—/Al(Ill)—alkyl
complexes in combination with an alcohol source
were found all active in lactide ROP catalysis and

in a

afforded atactic PLA. A superior ROP control was
achieved with the more sterically protected Zn(ll) and
Al(Il1) complexes 2a and 2b.

EXPERIMENTAL SECTION

General consideration. All reactions, except when
indicated, were carried out under an atmosphere of
argon using conventional Schlenk techniques and Ar
glovebox. DCM, diethyl ether, THF, toluene, and
pentane were dried using a MBRAUN SPS 800.
Microwave experiments were performed on a
monowave 300 Anton-Paar apparatus (monomode
microwave) with infrared detection of temperature.
Analyses were performed at the “Plateforme
d’Analyses Chimiques de Synthése Moléculaire de
I’'Université de Bourgogne” and for some elemental
analyses also at the London Metropolitan University,
especially for sensitive compounds. The identity and
purity of the compounds were established using
elemental analyses, multinuclear NMR spectroscopy,
X-ray diffraction analysis, and high-resolution mass
spectrometry. NMR spectra (*H, 3C, ®N) were
recorded on Bruker 300 Avance lll, Bruker 500 Avance
I, or Bruker 600 Avance Ill spectrometers. All
acquisitions were performed at 300 K. Chemical shifts
are quoted in parts per million (8) relative to TMS (for
'H and ®3C). For H and ®3C spectra, values were
determined by using solvent residual signals (e.g.
CHClsin CDCls) as internal standards. Assighment of 'H
and 3C signals (when possible) was done through the
use of 2D experiences (COSY, HSQC and HMBC). High
resolution mass spectra were recorded on a Thermo
LTQ Orbitrap XL ESI-MS (ElectroSpray lonization Mass
Spectrometry).
derivatives were synthesized according to previously
reported procedure.®® All other reagents were
commercially available and used as received.

Chlorobenziminium chloride

X-Ray experimental procedure. Crystal of all
compound were selected and mounted on a mylar
loop with oil on either a'Bruker APEX-Il CCD'or a
‘Bruker D8 venture Photon 100" diffractometer.
Crystal were kept at 115 K or 100 K during data
collection. Using Olex2,3* the structures were solved
with the ShelXT3> structure solution program using
Direct Methods and refined with the XL refinement
package using Least Squares minimization. More

details can be found in the Supporting Information



and in the Crystallographic Information Files in which
are imbedded the .res and .hkl files.

Synthesis of (E)-N’-(2-hydroxybenzyl)-N,N-
dimethylbenzamidine L1H (light yellow solid, 1.9 g,
yield: 76 %). N,N-dimethylchlorobenziminium chloride
(1 equiv., 10 mmol, 2.12 g) was solubilized in DCM (30
mL) and cooled to 0 °C. Triethylamine (5 equiv., 50.0
mmol, 6.95 mL) was added, and then slowly 50 mL of
DCM solution of 2-hydroxybenzylamine (1 equiv., 10
mmol, 1.23 g). The mixture was stirred at 0°C for 15’
and then at r.t. for 1h30. After hydrolysis and
extraction with DCM, the combined organic layer was
dried (anhydrous MgS0.), filtered, and concentrated
in vacuo. The residue was washed successively with
ether and pentane to give LLH. HRMS (ESI-pos): calcd
for [CieH1sN2O]* [M + HJ*: 255.14919. Found:
255.14804 (-4.5 ppm). Elemental Analysis: calcd for
Ci6H1sN,0: C, 75.56; H, 7.13; N, 11.01 %. Found: C,
75.22; H,7.51; N, 10.78 %. *H NMR (600 MHz, CD,Cl,):
6 (ppm) =7.51-7.45 (m, 3H, m-Ph and p-Ph), 7.18-7.16
(m, 2H, 0-Ph), 7.04 (m, 1H, Ar Ha), 6.74 (d, *Jin = 8.2
Hz, 1H, Ar Hs), 6.66-6.62 (m, 2H, Ar Hsand Ar Hg), 4.23
(s, 2H, ArCH,), 2.85 (broad s, 6H, NMe,). 3C{*H} NMR
(151 MHz, CD,Cl,), & (ppm): 163.1 (Cq, C=N), 158.9 (C,,
C-0), 133.6 (Cq, i-Ph), 129.4 (CH, p-Ph), 129.4 (CH, m-
Ph), 127.8 (CH, o-Ph overlapping with Ar C,), 127.5
(CH, Ar Ce), 125.6 (Cq, Ar Ci), 118.7 (CH, Ar Cs), 116.7
(CH, Ar Cs), 55.0 (CH,, ArCH>), 38.5 (bs, CHs, NMe3). H
15N HMBC (600.23 MHz / 43.3 MHz, CDyCl,,): 8 H / &
N (ppm) = 4.23 / -179.6 (ArCH2/ N imino), 4.23 / -
301.1 (ArCH>/ N amino).

Synthesis of (E)-N’-(2-hydroxybenzyl)-N,N-
dimethylbenzamidinium bromide [L1H;][Br] (white
solid, 52 mg, 79 %). 50 ul of hydrobromic acid (48 wt.
% in H,0) were added to DCM solution (3 mL) of L1H
(50 mg, 0.2 mmol) cooled to 0 °C in an ice bath. The
mixture was stirred for 30 minutes at room
temperature, during which time a white precipitate
was formed. The supernatant was removed by
filtration and the residue was dried under vacuum to
give the amidinium salt [L1H,][Br]. HRMS (ESI-pos):
caled for [Ci6H19N2O — Br ]J* [M]*: 255.14919. Found:
255.14947 (1.1 ppm). Elemental Analysis: calcd for
Ci6H19BrN2O: C, 57.32; H, 5.71; N, 8.36 %. Found: C,
57.51; H,5.52; N, 7.99 %. 'H NMR (500 MHz, CDCls): &
(ppm) = 9.50 (broad, 1H, NH), 8.53 (broad, 1H, OH),
7.58 (m, 1H, p-Ph), 7.50 (m, 2H, m-Ph), 7.24 (m, 2H, o-

Ph), 7.16 (dd, ¥ = 8.1 Hz, “us = 1.2 Hz, 1H, Ar Hs),
7.04 (pseudo td, 3Juy = 7.8 Hz, Yuw = 1.7 Hz, 1H, Ar Ha),
6.58 (pseudo td, 3Juy = 7.4 Hz, “Jyu= 1.2 Hz, 1H, Ar Hs),
6.42 (d, YJun = 7.4 Hz, 1H, Ar He), 4.32 (d, ¥ = 4.8 Hz,
2H, ArCH,), 3.48 (s, 3H, NMe), 2.91 (s, 3H, NMe).
13C{1H} NMR (126 MHz, CDCls): & (ppm) = 165.1 (C,,
C=N), 155.3 (C,, C-0), 132.2 (CH, p-Ph), 129.9 (CH, m-
Ph), 129.7 (CH, Ar Ca), 129.4 (CH, Ar Cs) 127.7 (CH, o-
Ph), 127.0 (C, i-Ph), 122.5 (Co, Ar C1), 119.7 (CH, Ar Cs),
117.6 (CH, Ar C3), 46.5 (CH, ArCH,), 42.6 (CHs, NMe),
41.0 (CHs, NMe). H N HMBC (600.23 MHz / 43.3
MHz, CD,Cl,): 8 H / & 1N (ppm) = 4.32 /-254.4 (ArCH,
/ N imino), 3.48 / -254.4 (NMe / N imino), 3.48 / -
274.0 (NMe / N amino), 2.91 / -274.0 (NMe / N
amino).

Synthesis of L1Na (white solid, 0.83 g, yield: 70 %). N’-
(2-hydroxybenzyl)-N,N-dimethylbenzamidine L1H (1
equiv., 4.3 mmol, 1.1 g) and NaH (2 equiv., 95 % purity,
8.6 mmol, 208 mg) were suspended in THF (20 mL)
and stirred 2 h. Stirring was stopped and a resulting
white salt was let to settle. The supernatant was
cannulated with a borosilicate filter. The filtrate was
concentrated to give a white solid which was washed
with DCM (2 x 10 mL) to give the product as a white
solid. Elemental Analysis: calcd for Ci6H17N2NaO: C,
69.55; H, 6.20; N, 10.14 %. Found: C, 68.48; H, 6.32; N,
10.24 %. *H NMR (500 MHz, THF-ds): & (ppm) = 7.44
(m, 2H, m-Ph), 7.41 (m, 1H, p-Ph overlapping with m-
Ph), 7.04 (m, 2H, 0-Ph), 6.75 (pseudo td, 3/uy = 7.6 Hz,
“Jun = 2.0 Hz, 1H, Ar Ha), 6.44 (d, 3un = 8.0 Hz, 1H, Ar
Hs), 6.21 (dd, un = 7.2 Hz, Yun = 2.0 Hz, 1H, Ar Hg),
5.97 (pseudo t, 3wy = 7.1 Hz, 1H, Ar Hs), 4.13 (s, 2H,
ArCH,), 2.46 (s, 6H, NMe,). *C{*H} NMR (126 MHz,
THF-ds): & (ppm) = 170.7 (Cq, C—0), 163.4 (Cq C=N),
136.5 (Cq, i-Ph), 130.6 (Cq, Ar Ci), 130.4 (CH, Ar Ce),
129.2 (CH, 0-Ph), 129.1 (CH, m-Ph), 129.0 (CH, p-Ph),
128.5 (CH, Ar Cs), 119.8 (CH, Ar Cs), 110.7 (CH, Ar Cs),
54.7 (CH3, ArCH,), 38.4 (CHs, NMe,).

Synthesis of (E)-N’-(2-
hydroxybenzyl)pyrrolidinylbenzamidine L2H (white
powder, 2.45 g, yield: 87 %). Same procedure than for
L1H using pyrrolidinylchlorobenziminium chloride
instead of N,N-dimethylchlorobenziminium chloride.
HRMS (ESI-pos): calcd for [CisH2:N,0]" [M + H]*:
281.16484. Found: 281.16277 (-1.9 ppm). Elemental
Analysis: calcd for C;sH20N20: C, 77.11; H,7.19; N, 9.99
%. Found: C, 76.94; H, 7.41; N, 9.88 %. H NMR (500



MHz, CDCls), 6 (ppm): 11.81 (broad, 1H, OH), 7.50-
7.46 (m, 3H, m-Ph and p-Ph), 7.19 (m, 2H, o-Ph), 7.07
(m, 1H, Ar H4), 6.85 (d, 3JH.H =8.0 HZ, lH, Ar H3), 6.67-
6.61 (m, 2H, Ar Hsand Ar He), 4.33 (s, 2H, ArCH,), 3.62
(broad, 2H, NCH,CH5), 3.03 (broad, 2H, NCH,CH,), 1.97
(broad, 2H, NCH»CH,), 1.82 (broad, 2H, NCH,CH,).
3C{!H} NMR (126 MHz CDCls), & (ppm): 160.3 (Co,
C=N), 158.5 (Cq, C-0), 133.7 (Cq, i-Ph), 129.4 (CH, p-
Ph), 129.2 (CH, m-Ph), 127.8 (CH, Ar Cs), 127.4 (CH, Ar
Ce), 127.2 (CH, 0-Ph), 125.1 (Cq, Ar Ci), 118.6 (CH, Ar
Cs), 117.0 (CH, Ar Cs), 53.8 (CH,, ArCH,), 49.3 (CH,,
NCH,CHa), 46.9 (CH2, NCH2CHa), 25.8 (CH2, NCH2CH,),
24.9 (CH,, NCH,CH,). *H **N HMBC (600.23 MHz / 43.3
MHz, CDCls, 250 K): & *H / & N (ppm) = 4.33 / -194.4
(ArCH2/ N imino), 1.96 / -274.1 (NCH,CH,/ N amino),
1.79/-274.1 (NCH,CH,/ N amino).

Synthesis of (E)-N’-(2-hydroxybenzyl)-N,N-
dimethylformamidine L3H (pale yellow solid, 0.642 g,
yield: 90 %). N,N-Dimethylformamide dimethylacetal
(1 equiv., 97 % purity, 4.00 mmol, 0.491 g) in DCM (8
mL) was added to 2-hydroxybenzylamine (1 equiv.,
4.00 mmol, 0.493 mg) in a microwave vial. The yellow
solution was stirred 10 min under MW irradiation at
50 °C. Volatiles were evaporated then DCM/pentane
mixture (25 mL) was added. The brown solid was
filtered and the solvent evaporated to afford the
product L3H. HRMS (ESI-pos): calcd for [CioH1sN2O]*
[M + HI*: 179.11789. Found: 179.11699 (-5.0 ppm).
Elemental Analysis: calcd for CioH14N20: C, 67.39; H,
7.92; N, 15.72 %. Found: C, 67.55; H, 7.80; N, 15.55 %.
'H NMR (600 MHz, CDCl3): § (ppm) = 9.89 (broad, 1H,
OH), 7.34 (s, 1H, CH formamidine), 7.11 (pseudo td,
3JHH =7.8 HZ, 4JHH =1.7 HZ, 1H, Ar H4), 6.95 (dd, 3JHH =
7.5 Hz, “Jun 1.6 Hz, 1H, Ar He), 6.84 (dd, 3Jun = 8.1 Hz,
4JHH =1.2 HZ, 1H, Ar H3), 6.76 (pseudo td, 3JHH = 74, 4JHH
= 1.2 Hz, 1H, Ar Hs), 4.59 (s, 2H, CH,), 2.88 (s, 6H,
NMe,). 3C{*H} NMR (CDCls, 151 MHz), & (ppm): 157.7
(Cq, Ar C-0), 154.6 (Cq, C=N), 127.9 (CH, Ar C,), 127.0
(CH, Ar C3), 125.6 (Cq, Ar C1), 118.9 (CH, Ar Cs), 116.8
(CH, Ar Cg), 58.7 (CH3, ArCH,), 40.1 (broad, CHs, NMe3),
34.7 (broad, CHs;, NMe;). HMBC (600.23 MHz / 43.3
MHz, CDCl3): 6 *H / & *N (ppm) = 7.32 / -185.3 (HC=N
/ N imino), 7.32 / -307.7 (HC=N/ N amino), 4.59 / -
185.3 (ArCH>/ N imino), 2.88 / -307.7 (NCH3/ N imino).

Synthesis of (E)-N’-(2-hydroxybenzyl)-N,N-
dimethylacetamidine L4H (pale yellow solid, 0.650 g,
yield: 85 %). Same procedure than for L3H using N, N-

Dimethylacetamide dimethylacetal instead of N,N-
Dimethylformamide dimethylacetal. HR-MS (ESI-pos):
calcd for [C11H17N2O]* [M + H]*: 193.13354. Found:
193.13303 (-2.6 ppm). Elemental Analysis: calcd for
C11H16N,0: C, 68.72; H, 8.39; N, 14.57 %. Found: C,
68.56; H, 8.79; N, 14.53 %. *H NMR (500 MHz, CD,Cl,):
8 (ppm) =11.47 (broad, 1H, OH), 7.05 (m, 1H, H.), 6.96
(m, 1H, Hs), 6.73-6.69 (m, 2H, Hs and Hg), 4.58 (s, 2H,
CH,), 2.95 (s, 6H, NMe,), 2.00 (s, 3H, CH3 acetamidine).
13C{*H} NMR (151 MHz, CD,Cl,), & (ppm): 160.0 (Cq, Ar
C-0), 158.9 (Cq, C=N), 127.3 (CH, Ar Cs overlapping
with ArCs), 124.3 (Cq, Ar C1), 118.1 (CH, Ar Csss), 116.5
(CH, Ar Csg), 53.6 (CH2, ArCH,), 38.2 (CHs, NMe,), 12.6
(CHs, acetamidine). HMBC (600.23 MHz / 43.3 MHz,
CDCl3): 6 *H / & 5N (ppm) = 4.58 / -183.1 (ArCH,/ N
imino), 2.95 / -299.4 (NMe / N amino), 1.99 / -183.1
(acetamidine / N imino), 1.99 / -299.4 (acetamidine /
N amino).

Synthesis of 1a (orange crystals, 230 mg, yield: 66 %).
THF solution (20 mL) of L1H (1 equiv., 1.00 mmol, 254
mg) was slowly added to a Schlenk flask containing a
diethylzinc solution (1 equiv., 1 M in hexanes, 1.00
mmol, 1.00 mL). The mixture was stirred for 2 h at rt.
The volatiles were evaporated. The residual solid was
recrystallized by layering technique wusing a
DCM/pentane system. After several days, the complex
1a was obtained as orange crystals (230 mg, 66 %).
Elemental Analysis: calcd for C3sH44N4O2Zn3: C, 62.17;
H, 6.38; N, 8.06 %. Found: C, 61.95; H, 6.46; N, 7.97 %.
'H NMR (500 MHz, THF-ds): 6 (ppm) = 7.51 (broad, 4H,
m-Ph), 7.49 (broad, 2H, p-Ph overlapping with m-Ph),
7.13 (broad, 4H, o-Ph), 6.95 (pseudo t, 3y = 7.7 Hz,
2H, Ar Hi), 6.69 (d, 3Juy = 8.0 Hz, 2H, Ar Hs), 6.40
(pseudo t, 3Jun = 7.3 Hz, 2H, Ar Hs), 6.28 (d, 3Juu = 7.3
Hz, 2H, Ar Hg), 4.13 (broad, 4H, ArCH,), 2.95 (broad,
12H, NMe3), 1.04 (t, 3Ju = 8.1 Hz, 6H, CH2CHs), 0.01 (q,
3Jun = 8.1 Hz, 4H, CH,CHs). 3C{*H} NMR (THF-ds, 126
MHz,): & (ppm) = 168.9 (Cq, C=N), 164.5 (C, C-0),
134.5 (Cq, i-Ph), 130.5 (CH, p-Ph), 130.1 (Cq, Ar Ci),
129.5 (2 overlapping CH, m-Ph and Ar Cs), 129.3 (CH,
0-Ph), 129.0 (CH, Ar C4), 120.2 (CH, Ar C3), 116.4 (CH,
Ar Cs), 55.0 (CH,, ArCH,), 40.2 (CHs, NMe3), 13.3 (CHs,
ZnEt), 0.5 (CH,, ZnEt).

Synthesis of 2a (white crystals, 108 mg, yield: 44 %).
Diethylzinc solution (1M in hexanes, 0.655 mL, 0.656
mmol, 1lequiv.) was slowly added into DCM solution of
L2H (183.8 mg, 0.656 mmol, 1equiv.). The mixture was



stirred 2 h at room temperature. The volatiles were
evaporated and the residual solid was purified by
recrystallization using a DCM/diethyl ether biphasic
system. Elemental analysis: calcd for CaoHigN4O2Zn3:
C, 64.25; H, 6.47; N, 7.49 %. Found: C, 62.45; H, 6.84;
N, 7.54 %. 'H NMR (500 MHz, CD,Cl,), & (ppm): 7.50
(broad, 6H, Ph), 7.09 (broad, 4H, Ph), 7.04 (pseudo t,
3Jun = 7.8 Hz, 2H, Ar Hsoverlapping Ph), 6.67 (d, 3Juu =
7.9 Hz, 2H, Ar Hs), 6.47 (pseudo t, 3Jun = 7.3 Hz, 2H, Ar
Hs), 6.30 (d, *Jun = 7.3 Hz, 2H, Ar He), 4.12 (broad, 4H,
ArCH,), 3.35 (broad, 8H, NCH,CH,), 1.80 (broad, 8H,
NCH,CH,), 1.07 (broad, 6H, CH,CHs), 0.00 (broad, 4H,
CH,CHs). 3C{*H} NMR (126 MHz, CD,Cl,), & (ppm):
164.9 (Cq, C=N), 164.1 (C,, C-0), 135.1 (Cq, i-Ph), 129.8
(Cq, Ar Cy1), 129.7 (CH, Ar Cg), 129.3 (2 overlapping CH,
Ph), 128.8 (CH, Ar Cs), 127.9 (CH, Ph), 119.9 (CH, Ar C),
116.1 (CH, Ar Cs), 53.9 (CH,, ArCH,), 49.8 (CHa,
NCH,CH,), 25.6 (CHz, NCH,CH.), 13.2 (CHs, ZnEt), 0.6
(CH,, ZnEt).

Synthesis of 3a (white solid, 340 mg, yield: 83 %). L3H
(1 equiv., 1.50 mmol, 267 mg) was dissolved in DCM
(15 mL), and added to diethylzinc solution (1 equiv., 1
M in hexanes, 1.50 mmol, 1.50 mL). The mixture was
stirred 2 h at rt. The volatiles were evaporated, and
the residual solid was washed with pentane (2 x 5 mL)
to give 3a. Elemental Analysis: calcd for
C24H36N402Zn5: C, 53.05; H, 6.68; N, 10.31 %. Found: C,
52.66; H, 6.75; N, 10.02 %. *H NMR (500 MHz, CD,Cl,):
6 (ppm) = 7.49 (s, 2H, CH formamidine), 7.06 (pseudo
td, 3JHH =7.7 HZ, 4JHH =1.9 HZ, 2H, Ar H4), 6.98 (dd, 3JHH
=7.3 Hz, “un = 1.8 Hz, 2H, Ar He), 6.65 (d, 3Jun = 8.0 Hz,
2H, Ar Hs), 6.60 (pseudo t, Ju = 7.2 Hz, 2H, Ar Hs), 4.45
(broad, 4H, ArCH,), 3.05 (s, 12H, NMe,), 0.87 (t, 3w =
8.1 Hz, 6H, CH,CHs), -0.16 (g, 3w = 8.0 Hz, 4H,
CH,CHs). 3C{*H} NMR (126 MHz, CD.Cl): & (ppm) =
163.6 (Cq, Ar C-0), 158.5 (Cq, C=N), 129.8 (Cq, Ar Cy),
129.2 (CH, Ar C4), 128.8 (CH, Ar Cg), 120.1 (CH, Ar C3),
116.7 (CH, Ar Cs), 59.8 (CH,), 39.1 (bs, CHs, NMe>), 12.8
(CHs, ZnEt), 0.1 (CHa,, ZnEt).

Synthesis of 4a (white solid, 366 mg, yield: 86 %). L4H
(1 equiv., 1.50 mmol, 288 mg) was dissolved in DCM
(15 mL), and added to diethylzinc solution (1 equiv., 1
M in hexane, 1.50 mmol, 1.50 mL). The mixture was
stirred 2 h at rt. The volatiles were evaporated, and
the residual solid was washed with pentane (2 x 5 mL)
to give 4a as a white solid. Elemental Analysis: calcd
for C26HaoN40O2Zn3: C, 54.65; H, 7.06; N, 9.81 %. Found:

C, 54.57; H, 7.16; N, 9.71 %. *H NMR (500 MHz,
CD,Cl,): & (ppm) = 7.04 (pseudo t, 3y = 8.3 Hz, 2H, Ar
Ha), 7.02 (d, 3Jun = 8.3 Hz, 2H, Ar Hs overlapping with
Ar Ha), 6.64 (d, 3Ju = 8.0 Hz, 2H, Ar Hs), 6.59 (pseudo
t, 3Juy = 7.3 Hz, 2H, Ar Hs), 4.39 (s, 4H, ArCH,), 3.08 (s,
12H, NMe), 2.08 (s, 6H, CH3 acetamidine), 0.90 (t, 3/uu
=8.3 HZ, 6H, CHzCH3), -0.16 (q, 3JHH =8.3 HZ, 4H, CH;
CH,CH;). 3C{*H} NMR (126 MHz, CD,Cl,): 6 (ppm) =
166.9 (Cq, C=N), 163.9 (C4, Ar C-0), 129.7 (Cq, Ar Cy),
129.3 (CH, Ar Cas), 128.9 (CH, Ar Cus6), 120.1 (CH, Ar
Cs), 116.3 (CH, Ar Cs), 52.9 (CH,, ArCH,), 40.0 (CHs,
NMes,), 15.5 (CHs, acetamidine), 12.9 (CHs, ZnEt), -0.4
(CH,, ZnEt).

Synthesis of 1a’ (white crystals, 75 mg, yield: 35 %).
ZnCl; (1 equiv., 0.375 mmol, 53 mg) was suspended in
THF (7.5 mL) and cooled to -80°C. In another Schlenk
flask, phenate L1Na (2 equiv., 0.750 mmol, 207 mg)
was solubilized in THF (15 mL), cooled to -80°C and
slowly added to ZnCl,. After addition, the -80°C bath
was removed and the mixture stirred for 1 h at rt.
Stirring was stopped and a resulting white salt was let
to settle. The supernatant was cannulated with a
borosilicate filter. The filtrate was concentrated to
give the crude product as a white foam. It was further
purified by vapor diffusion recrystallization using a
toluene/pentane system to give the 1a’. HRMS (ESI-
pos): calcd for [C3;H3sN4O2Zn]* [M + H]*: 571.20460.
Found: 571.20325 (-2.4 ppm). Elemental Analysis:
caled for C3,H34N4O2Zn: C, 67.19; H, 5.99; N, 9.79 %.
Found: C, 66.32; H, 5.68; N, 9.46 %. 'H NMR (300 MHz,
CD,Cl,): & (ppm) = 7.61-7.50 (m, 4H + 2H, m-Ph and p-
Ph), 7.36 (m, 2H, 0-Ph), 7.06 (m, 2H, o-Ph), 7.01 (ddd,
3Jun = 8.1, 6.6 Hz, “Jun= 2.5 Hz, 2H, Ar H,), 6.62 (dd, 3/un
= 8.0 Hz, “Jun = 1.1 Hz, 2H, Ar Hs), 6.33-6.27 (m, 2H +
2H, Ar Hs and Ar Hs), 4.31 (d, 2Jun = 13.4 Hz, 2H, ArCH;
AB spin system), 3.91 (d, 2Juy = 13.4 Hz, 2H, ArCH, AB
spin system), 2.84 (s, 12H, NMe;). 3C{*H} NMR (126
MHz, CD,Cl,): & (ppm) = 169.2 (C,, C=N), 167.5 (Cq, Ar
C-0), 133.4 (C,, i-Ph), 130.7 (CH, p-Ph), 129.7 (CH, m-
Ph, 129.5 (CH, Ar Cs), 129.4 (CH, Ar Cg), 129.3 (CH, m-
Ph), 129.1 (CH, o0-Ph), 128.4 (CH, o-Ph), 127.6 (Cq, Ar
Ci1), 119.6 (CH, Ar Cs), 113.6 (CH, Ar Cs), 55.7 (CHa,
ArCH,), 40.1 (CHs, NMe).

Synthesis of 1b (yellow powder, 240 mg, yield: 77%).
THF solution (20 mL) of L1H (1 equiv., 1.00 mmol, 254
mg) was slowly added to a Schlenk flask containing
trimethylaluminium solution (1 equiv., 2 M in



hexanes, 1.00 mmol, 0.500 mL). The mixture was
stirred 2 h at rt. The volatiles were evaporated, and
the residual solid was washed with pentane (3 x 10
mL) to give 1b. Suitable crystal of 1b for X-ray
diffraction was obtained by vapor diffusion using a
DCM/pentane system. HRMS (ESI-pos): calcd for
[C17H20A|N20]+ [M bt CH3]+! 295.13855. Found:
295.13889 (-1.1 ppm). Elemental Analysis: calcd for
CisH23AIN2O: C, 69.66; H, 7.47; N, 9.03 %. Found: C,
69.71; H, 7.58; N, 9.37 %. *H NMR (500 MHz, THF-ds):
6 (ppm) =7.57 (m, 1H, p-Ph), 7.45 (m, 2H, m-Ph), 7.11
(m, 2H, o-Ph), 6.96 (pseudo td, 3Jun = 7.8 Hz, “Jun = 1.8
Hz, 1H, Ar Hy), 6.60 (dd, 3Jun = 7.9 Hz, *Jun = 1.2 Hz, 1H,
Ar Hs), 6.34 (pseudo td, 3y = 7.4 Hz, “Jun = 1.2 Hz, 1H,
Ar Hs), 6.05 (dd, 3Juy = 7.4 Hz, “un = 1.8 Hz, 1H, Ar He),
3.93 (s, 2H, ArCH,), 3.03 (s, 6H, NMe), -0.80 (s, 6H,
AlMe;). 3C{*H} NMR (126 MHz, THF-ds): & (ppm) =
173.3 (Cq, C=N), 162.0 (C, Ar C-0), 132.9 (Cq, i-Ph),
131.8 (CH, p-Ph), 129.7 (CH, m-Ph), 129.6 (CH, o-Ph),
129.4 (CH, Ar Ca), 128.8 (Cq, Ar Ci), 127.9 (CH, Ar Cg),
119.2 (CH, Ar Cs), 116.1 (CH, Ar Cs), 53.6 (CH2, ArCH,),
41.5 (CHs, NMe3), -8.9 (broad, CHs, AlMe,).

Synthesis of 2b (white powder, 119 mg, yield: 75 %).
Same procedure than for 1b. Elemental analysis:
calcd for [CyoH25AIN2O]: C, 71.41; H, 7.49; N, 8.33 %.
Found: C, 70.60; H, 7.41; N, 7.80 %. *H NMR (600 MHz,
CD,Cly,), & (ppm): 7.56 (m, 1H, p-Ph), 7.49 (m, 2H, m-
Ph), 7.08 (m, 2H, o-Ph overlapping with Ar H,), 7.06
(pseudo t, *Jun = 7.9 Hz, 1H, Ar Ha), 6.70 (d, i = 7.9
Hz, 1H, Ar Hs), 6.46 (pseudo t, 3Jun = 7.2 Hz, 1H, Ar Hs),
6.11 (d, 3Jun = 7.2 Hz, 1H, Ar Hg), 3.97 (s, 2H, ArCH,),
3.45 (broad, 4H, 2 NCH,CH,), 1.91 (broad, 4H,
NCH,CH-), -0.76 (s, 6H, CHs). 3C{*H} NMR (151 MHz,
CD,Cly), & (ppm): 169.6 (Cq C=N), 161.3 (Cq4, Ar C-O),
133.3 (C,, i-Ph), 130.9 (CH, p-Ph), 129.6 (CH, m-Ph),
129.4 (CH, Ar C4), 128.9 (Co, Ar C1), 128.1 (CH, 0-Ph),
127.9 (CH, Ar Cg), 118.7 (CH, Ar Cs), 116.6 (CH, Ar Cs),
52.8 (CH,, ArCH,), 51.6 (CH,, NCH,CH,), 25.6 (CH,,
NCH,CH,), -8.8 (broad, CHs, AlMe;).

Synthesis of 3b (beige solid, 320 mg, yield: 76 %). L3H
(1 equiv., 1.80 mmol, 321 mg) was dissolved in DCM
(9 mL), and added to trimethylaluminium solution (1
equiv.,, 2 M in hexanes, 1.80 mmol, 900 uL). The
mixture was stirred 2 h at rt. The volatiles were
evaporated, and the residual solid was washed with
pentane (2 x 5 mL) to give 3b. Elemental Analysis:
calcd for C12H1AIN2O: C, 61.52; H, 8.17; N, 11.96 %.

Found: C, 60.81; H, 8.10; N, 11.28 %. *H NMR (500
MHz, CD,Cl,): 6 (ppm) = 7.44 (s, 1H, CH formamidine),
7.15 (pseudo td, 3Juy = 7.7 Hz, Yun = 1.8 Hz, 1H, Ar Ha),
7.02 (dd, 3wy = 7.3 Hz, 4 = 1.8 Hz, 1H, Ar He), 6.75 (d,
3Jun = 8.0 Hz, 1H, Ar H3), 6.66 (pseudo t, 3Jun = 7.4 Hz,
1H, Ar Hs), 4.30 (s, 2H, ArCH5), 3.05 (s, 6H, NMe;), -0.81
(s, 6H, AlMe,). BC{*H} NMR (126 MHz, CD,Cl,): &
(ppm) = 160.7 (C;, Ar C-O overlapping with C=N),
160.5 (broad, C,, C=N overlapping with Ar C-0), 130.0
(CH, Ar C4), 128.4 (Cq, Ar C1), 127.6 (CH, Ar Ce), 119.2
(CH, Ar Cs), 117.3 (CH, Ar Cs), 58.2 (CH,, ArCH,), 42.2
(broad, CHs, NMe overlapping with NMe), 39.3 (broad,
CHs, NMe overlapping with NMe), -8.1 (broad, CHs,
A|MEZ).

Synthesis of 4b (beige powder, 320 mg, yield: 85 %).
Same procedure than for 3b. Elemental Analysis:
calcd for Ci3H2:AIN2O: C, 62.88; H, 8.52; N, 11.28 %.
Found: C, 62.05; H, 8.47; N, 10.36 %. HRMS (ESI-pos):
calcd for [C13H2AIN>O]* [M + H]*: 249.15420. Found:
249.15355 (-2.6 ppm). *H NMR (500 MHz, CD,Cl,): &
(ppm) = 7.11 (pseudo td, *un = 7.7 Hz, *Jun = 1.8 Hgz,
1H, Ar H4), 7.04 (dd, 3JHH =73 HZ, 4JHH =1.8 HZ, 1H, Ar
He), 6.69 (d, s = 8.0 Hz, 1H, Ar Hs), 6.63 (pseudo t,
3Jun = 7.3 Hz, 1H, Ar Hs), 4.23 (s, 2H, ArCH.), 3.09 (s,
6H, NMe;), 2.17 (s, 3H, CH3 acetamidine), -0.86 (s, 6H,
AlMe,). BC{*H} NMR (126 MHz, CD,Cl;): & (ppm) =
171.6 (Cq, C=N), 161.3 (Cq, Ar C-0), 129.7 (CH, Ar Ca),
128.4 (Cq, Ar Cy), 127.6 (CH, Ar Cs), 119.0 (CH, Ar Cs),
116.7 (CH, Ar Cs), 51.2 (CH,, ArCH,), 41.3 (CHs, NMe3),
16.7 (CHs, acetamidine), -9.5 (broad, CHs, AIMe,).
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