
Introduction

Multi-component self-assembly is critical in the construc-
tion of functional hybrid structures from various building
blocks, constructing structurally complex and functional ar-
chitectures for various applications.1 The process of self-as-
sembly,2 where building units of a system are organized into
an ordered and/or functional structure, has attracted re-
searchers from a diverse range of disciplines that vary from
chemistry andmaterials science to engineering and technol-
ogy.3

The assembly through covalent bonds4 has the advantage
of being independent of and unaffected by solvent condi-
tions, such as solvent polarity and ionic strength.5 However,
the generation of covalent bonds often raises challenges due
to the compatibility of reagents and reaction conditions for
functional groups within building units.6 This issue often re-
sults in significant limitations in the diversity of assembling
functional groups. In contrast, using non-covalent bonds7

reduces the risk of their reaction compatibility due to their
mild assembly conditions. In addition, highly reversible
bonds allow multi-functional structures disassemble back
into individual building units, enabling the recycling of
these small units.8 Unfortunately, their inherent weaker
bond strengths, which are highly sensitive to environmental
conditions such as solvent polarity, temperature, ionic
strength, and pH, often severely limit their range of applica-
tions.9 To this end, reversible metal–ligand complexes10 have
higher stability under a broader range of reaction condi-
tions/environments and can be assembled in situ under
mild conditions. Most examples utilize combinations of
metal and achiral ligands for self-assembly, and a lack of se-
lectivities among achiral ligands often leads to challenges in
controlling the overall shapes and sizes of supramolecules.
To this end, we recently reported a versatile approach to
preparing resin-immobilized catalysts through metal–lig-
and complexes.11 Our unique approach utilizes the concept
of chirality-directed self-assembly12 where chiral bis(oxa-
zoline) (BOX) ligands with complemental chirality selec-
tively form a heterochiral Zn(II) complex,13 anchoring a cat-
alyst onto the resin. In other words, when equimolar
amounts of chiral BOX ligands with opposite enantiomers
were mixed in the presence of Zn(OAc)2, exclusive formation
of the heterochiral Zn(II) complex was observed. The high
selectivity toward the formation of the heterochiral Zn(II)
BOX complex arises from reduced steric crowding of the
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phenyl rings on the chiral BOX ligand around the Zn(II) cen-
ter.14 The Zn(II) center on the homochiral Zn(II) complex is
destabilized by adopting a distorted tetrahedral geometry
to accommodate two phenyl substituents in the same quad-
rant (Figure 1). The loaded catalyst can be altered in situ
through ligand exchange for 2-step sequential reactions us-
ing the same resin. The report demonstrated that resin-
bound catalysts could be easily recycled under mild condi-
tions without damaging resin functional groups, helping to
reduce the generation of microparticle wastes.

The concept of chirality-directed self-assembly was also
employed to quantitatively generate distinct Janus den-
drimers in situ from various dendron subunits attached to
chiral BOX ligands.15 The highly selective formation of the
heterochiral Zn(II) complex at the focal point of the Janus
dendrimer enables the exclusive formation of Janus den-
drimer upon mixing two distinct dendritic domains, each
functionalized by opposite enantiomer of BOX ligands. The
heterochiral Zn(II) BOX complex at the focal point was stable
under elevated temperature. However, the complex can be
reversibly disintegrated under mild conditions with the use
of EDTA.

These previous studies have led us to believe that resin
multi-functionalization is possible if we identify sets of chi-
ral BOX ligands that selectively form multiple Zn(II) BOX
complexes on the resin surface.1,5,16 In other words, to real-
ize the multi-functionalization of the solid support, the in-
teraction between the BOX ligand immobilized on the solid
support and added ligands must be highly selective
(Scheme 1A). Lack of such selectivity led to a non-selective
complexation, resulting in the generation of wasteful un-
bound catalysts (Scheme 1B); therefore, difficult to control
the relative ratio of the functional groups on the resin.
Hence, our goal here is to identify the optimum sets of chiral
BOX ligands generating highly selective Zn(II) BOX com-
plexes to establish a versatile one-pot approach for the mul-
ti-functionalization of solid support.

Results and Discussion

Comprehensive studies on the relative stability of various
homo- and heterochiral Zn(II) BOX complexes have not been
reported thus far (Scheme 1A vs. 1B). Therefore, we decided
to elucidate the efficiency in generating heterochiral Zn(II)
complexes to identify the correlation between the size of
chiral substituents and selectivity toward forming hetero-
chiral Zn(II) complexes (Table 1). For this investigation, the
ratio of heterochiral vs. homochiral Zn(II) BOX complexes
was measured using 1HNMR spectroscopy in CDCl3 (Fig-
ure 2).

The exclusive formation of the heterochiral Zn(II) com-
plex (SS,RR)-Zn(II) BOX (Ph/Ph) was observed when equimo-
lar amounts of (S,S)-BOX (Ph) and (R,R)-BOX (Ph) were used
(Table 1, entry 1; Figure 2, top). The ligand exchange process
was instantaneous, and no homochiral Zn(II) complexes nor
free ligands remained in the solutions. By contrast, when the
steric bulkiness was moved further away from the chiral
center on the oxazoline ring, as steric interactions among
chiral substituents in the homochiral Zn(II) complex is re-
duced, selectivity toward the heterochiral Zn(II) complex
was reduced. For instance, the benzyl-substituted chiral
BOXʼs Zn(II) complex reached equilibrium at ambient tem-
perature with 25% homochiral Zn(II) complexes remaining
in the solution (Table 1, entry 2; Figure 2, middle).17 Inter-
estingly, similar selectivity was obtained with methyl-sub-
stituted chiral BOX (Table 1, entry 3; Figure 2, bottom).

Figure 1 The difference in stability between heterochiral Zn(II) complex
(left) vs. homochiral Zn(II) complex (right). Scheme 1 Multi-functionalization of resins through A) selective

heterochiral Zn(II)-complexation (quantitative) vs. B) non-selective
complexation (with unbound homochiral Zn(II)-complexes).
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In addition, when equimolar amounts of (RR,RR)-Zn(II)
BOX (Bn) and (SS,SS)-Zn(II) BOX (Me) were mixed, the out-
come of selectivity toward generating the heterochiral Zn
(II) complex ((SS,RR)-Zn(II) BOX (Me/Bn)) was identical to
the cases with (SS,RR)-Zn(II) BOX (Me) and (SS,RR)-Zn(II)
BOX (Bn) (entry 4).18 These results indicate that steric effect
at the C1 position on the chiral substituent is significant in
the outcome of chiral discrimination processes.

Next, to probe stability differences among homochiral
Zn(II) complexes (Scheme 1B), a free ligand titration experi-
ment was conducted as shown in Table 2. When 1 equiv of
free (S,S)-BOX (Me) ligand was added to the homochiral (SS,
SS)-Zn(II) BOX (Ph), a mixture of three homochiral zinc com-
plexes, (SS,SS)-Zn(II) BOX (Ph), (SS,SS)-Zn(II) BOX (Ph/Me),
and (SS,SS)-Zn(II) BOX (Me), was formed in a ratio
1.0 :2.0 :1.4 in favor of (SS,SS)-Zn(II) BOX (Ph/Me) through a
rapid ligand exchange (entry 1 vs. 2).

Further addition of free (S,S)-BOX (Me) led to the com-
plete disappearance of (SS,SS)-Zn(II) BOX (Ph/Ph), leaving
two homochiral (SS,SS)-Zn(II) BOX (Ph/Me) and (SS,SS)-Zn(II)
BOX (Me) in solution with a ratio of 1 :2 :1 (entry 3). The
complete conversion to (SS,SS)-Zn(II) BOX (Me/Me) was
reached when 4 equiv of free (S,S)-BOX (Me) was added to
(SS,SS)-Zn(II) BOX (Ph) (entry 4).

To achieve the quantitative multi-functionalization of the
solid support (Scheme 1A), combinations of chiral ligands
must be carefully chosen to avoid generating wasteful un-
bound complexes. To this end, based on the results above,
the heterochiral Zn(II) complexes showed higher stabilities
than all of the homochiral Zn(II) complexes studied here. In-

Figure 2 1H NMR spectrum of the free ligand, homochiral Zn(II)
complex, and heterochiral Zn(II) complex of chiral BOX ligands (top: Ph-
substituted, middle: Bn-substituted, and bottom: Me-substituted).

Table 1 The efficiency of the generation of the heterochiral Zn(II)
BOX complexes using (S,S)- and (R,R)-BOX ligands with various sub-
stituents

Entry (R1/R2)a Heterochiral Zn(II)
complex (%)

Homochiral Zn(II)
complexes (%)

1 Ph/Ph >99  0

2 b Bn/Bn 77 23

3 b Me/Me 72 28

4 b Me/Bn 73 27

a Chirality color code: R1 = substituent on the (S,S)-BOX and R2 = substituent on
the (R,R)-BOX; b % ratio was calculated after 0:5 h of incubation at ambient tem-
perature. The ratio remained the same after 5 days at ambient temperature. Table 2 Ligand exchange experiments adding a free BOX ligand (S,

S)-BOX (Me) to the homochiral complex (SS,SS)-Zn(II)-(Ph/Ph)

Entry (S,S)-BOX (Me)

(equiv)

(SS,SS)-Zn(II) BOX % distribution a

(SS,SS)-Zn(II)
BOX (Ph/Ph)
(%)

(SS,SS)-Zn(II)
BOX (Ph/Me)
(%)

(SS,SS)-Zn(II)
BOX (Me/Me)
(%)

1 0 >99  0  0

2 1.0 23 45 32

3 2.0  0 32 68

4 4.0  0  0 >99

a Calculated based on 1H NMR integration of the homochiral Zn(II) complexes
without including free ligands.
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deed, the heterochiral (SS,RR)-Zn(II) BOX (Me/Ph) formed
quantitatively when opposite enantiomers of (RR,RR)-Zn(II)
BOX (Ph/Ph) and (SS,SS)-Zn(II) BOX (Me/Me) were mixed,
leaving no homochiral Zn(II) complexes remaining in the so-
lution (Figure 3-1).19

In contrast, using a pair of homochiral Zn(II) complexes,
(SS,SS)-Zn(II) BOX (Ph/Ph) and (SS,SS)-Zn(II) BOX (Me/Me),
similar experiments afforded a mixture of homochiral Zn(II)
complexes in solution (Figure 3-2). Combined results from
above, this result strongly indicates the higher stability of
heterochiral Zn(II) complexes over any combination of
homochiral Zn(II) complexes. To this end, when 2 equiv of
(RR,RR)-Zn(II) BOX (Ph/Ph) was added to this mixture of ho-
mochiral Zn(II) complexes, and all complexes were con-
verted to a combination of heterochiral Zn(II) complexes
((SS,RR)-Zn(II) BOX (Me/Ph) and (SS,RR)-Zn(II) BOX (Ph/Ph))
(Figure 3-3, Figure 4, top). In other words, the selective gen-
eration of heterochiral Zn(II) complexes can be accom-

plished by mixing (RR,RR)-Zn(II) BOX (Ph/Ph), (SS,SS)-Zn(II)
BOX (Ph/Ph), and (SS,SS)-Zn(II) BOX (Me/Me) in a 2 :1 :1 ra-
tio resulting in the selective formation of (SS,RR)-Zn(II) BOX
(Me/Ph) and (SS,RR)-Zn(II) BOX (Ph/Ph) in situ. Identical re-
sults were obtained through mixing combinations of free
ligands (R,R)-Zn(II) BOX (Ph), (S,S)-Zn(II) BOX (Ph), and (S,
S)-Zn(II) BOX (Me) in a 2 :1 :1 ratio along with Zn(OAc)2.
When the ratio of (SS,SS)-Zn(II) BOX (Ph) and (SS,SS)-Zn(II)
BOX (Me) was altered (2 :1), the final ratio of (SS,RR)-Zn(II)
BOX (Me/Ph) and (SS,RR)-Zn(II) BOX (Ph/Ph) was also al-
tered, identical to the initial mixture ratio of two homochiral
Zn(II) complexes. Within a temperature range tested
(25–125°C in DMSO-d6), no differences in thermal stability
between (SS,RR)-Zn(II) BOX (Me/Ph) and (SS,RR)-Zn(II) BOX
(Ph/Ph) were observed. In other words, both complexes
were intact at elevated temperatures, and no disintegration
of complexes was observed. These experiments suggest that
chirality-driven self-assembly can load multiple functional
groups quantitatively through metal–ligand complexes onto
the resin without generating wasteful unbound ligands.

To probe the applicability of the chirality-driven self-as-
sembly for the multi-functionalization of resin depicted in
Scheme 1A, we decided to use (R,R)-BOX-immobilized Wang
resin,20 which we have previously used to demonstrate a
single functionalization of resin through self-assembly. As
previously demonstrated, the functional loading capacity of
the (R,R)-BOX-immobilized Wang resin was calculated by
the standard Fmoc-quantification approach and determined
to be 0.28mmol/g.21 The generation of heterochiral Zn(II)
BOX on the resin was achieved by mixing (R,R)-BOX-immo-
bilized Wang resin with free (S,S)-BOX ligands in the pres-
ence of an equimolar amount of Zn(OAc)2. The formation of
heterochiral Zn(II) complexes on the resin was monitored
through FTIR analysis. Any unbound free ligand and free
Zn(II) complexes can be detected by 1HNMR spectroscopy
by analyzing the supernatant solution.

When the equimolar BOX ligand, (S,S)-BOX (Ph), was
added to the (R,R)-BOX (Ph)-functionalized Wang resin
along with Zn(OAc)2, no free ligands or unbound homochiral
Zn(II) BOX (Ph) complexes were detected in the supernatant
solution (CDCl3) (Table 3, entry 1). FTIR analysis shows that
the C=N stretch shifted from 1655 cm−1 (uncomplexed (R,R)-
BOX (Ph) on a resin) to 1601 cm−1 (complexed) (Figure 5A vs.
5B), and the results are consistent with previously observed
values.22,23 The functionalization of resin required Zn(OAc)2
as its absence results in quantitative recovery of (S,S)-BOX
(Ph) from the supernatant solution (entry 2). The resin-
bound heterochiral Zn(II) complex, (SS,RR)-Zn(II) BOX (Ph/
Ph), remained intact and the complex did not disintegrate
when the resin was heated up to 160°C for 72 h in d6-DMSO.
However, the treatment with EDTA disintegrated the com-
plex, and then the released (S,S)-BOX (Ph) was recovered
quantitatively from the supernatant solution.

Figure 3 Generation of two specific heterochiral Zn(II) BOX complexes
from three homochiral Zn(II) complexes.

Figure 4 Comparison of 1H NMR spectra: (SS,RR)-Zn(II) BOX (Ph/Ph)
(bottom), (SS,RR)-Zn(II) BOX (Me/Ph) (middle), and formation of two
specific heterochiral Zn(II) BOX complexes (top).
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The FTIR analysis of EDTA-treated resin shows the C=N
stretch at 1655 cm−1, indicating that the (R,R)-BOX (Ph) cova-
lently attached to the resin was not affected by the EDTA
treatment. In fact, the heterochiral Zn(II) BOX can be regen-
erated on the EDTA-treated resin by mixing an equimolar
amount of (S,S)-BOX (Ph) along with Zn(OAc)2. In sharp con-
trast to the formation of the heterochiral Zn(II) complex on
the resin, the efficiency in forming homochiral Zn(II) com-
plex, using (R,R)-BOX (Ph), on the resin was not efficient as
almost half of the added ligand formed unbound homochiral
Zn(II) complex in solution (entry 3). These results support
that using chiral BOX ligands with complemental chirality
led to quantitative loading of the functional group on the
resin.

Encouraged by the results above, a quantitative formation
of two distinct heterochiral Zn(II) complexes on the (R,R)-
BOX (Ph)-functionalizedWang resinwas investigated.When
0.5 equiv of each (S,S)-BOX (Ph) and (S,S)-BOX (Me) were
mixed with the (R,R)-BOX (Ph)-functionalized resin in the
presence of Zn(OAc)2, these added free ligands quickly dis-
appeared from the supernatant solution (Table 4, entry 1).
The FTIR analysis of the resin indicated a generation of two
heterochiral Zn(II) complexes on a resin with two C=N
stretches, 1598 cm−1 ((SS,RR)-Zn(II) BOX (Ph/Ph)) and
1593 cm−1 ((SS,RR)-Zn(II) BOX (Me/Ph)), shifted from
1655 cm−1 (uncomplexed (R,R)-BOX (Ph) on a resin) (Scheme
6D vs. 6B and 6C). We did not observe any thermal stability
differences on the resin between (SS,RR)-Zn(II) BOX (Ph/Ph)
and (SS,RR)-Zn(II) BOX (Me/Ph) through a temperature range
tested (up to 160°C in d6-DMSO). In addition, no ligand ex-
change took place when additional (S,S)-BOX (Ph) or (S,S)-
BOX (Me) was further mixed with the above dual-function-

alized resin. For example, when 10 equiv of (S,S)-BOX (Me)
was mixed with (SS,RR)-Zn(II) BOX (Ph/Ph)/(SS,RR)-Zn(II)
BOX (Me/Ph) dual-functionalized resin, no (S,S)-BOX (Ph)
was released into the supernatant solution after 72 h at am-
bient temperature. In addition, both FTIR C=N stretch signals
(1598 cm−1 and 1593 cm−1) remained the same after the re-
sulting resins were washed several times.

These observations have led us to believe the alteration of
the ratio of loading functional group can be possible by sim-
ply adjusting the mixture ratio of chiral BOX ligands. Indeed,
when a ligand mixture consisting of 1 :3 ratio of (S,S)-BOX
(Me) and Fmoc-functionalized (S,S)-BOX (Ph) was mixed
with (R,R)-BOX (Ph)-immobilized resin in the presence of
Zn(OAc)2, the ratio of bound ligands (> 98% saturation on
loading capacity) was identical (1 :3) to the added free lig-
and mixture (entry 3). An identical result was obtained
when the same mixture was used in excess molar amount
(entry 4). These results indicate that the ratio of loaded

Table 3 A single functionalization of Wang resin through chirality-
directed self-assembly

Entry Added free ligand a Product

Bound Unbound

1 (S,S)-BOX (Ph) >98% ND d

2 (S,S)-BOX (Ph) b ND d >98%

3 c (R,R)-BOX (Ph) 46% 54%

a Equimolar amounts (0.28mmol/g) of ligand and Zn(OAc)2 were added to the
suspended resin; b (S,S)-BOX (Ph) was mixed with suspended resin in the absence
of Zn(OAc)2; c No free ligand was observed in the supernatant solution.; d ND: not
detected.

Figure 5 FTIR comparison of A) (R,R)-BOX (Ph)-functionalized Wang
resin, B) (RR,SS)-BOX (Ph/Ph)-functionalized Wang resin, C) (RR,SS)-BOX
(Ph/Me)-functionalized Wang resin, D) (RR,SS)-BOX (Ph/Ph)- and (RR,SS)-
BOX (Ph/Me)-functionalized Wang resin.
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functional groups can be precisely controlled by altering the
mixture ratio of added functional groups.

Conclusions

In summary, the chirality-directed self-assembly of hetero-
leptic Zn(II) complexes can be used as a strategy to loadmul-
tiple functional groups on resin. Due to the high selectivity
toward forming heteroleptic Zn(II) complexes, this straight-
forward process can be used without purification because
there are no by-products formed. The selectivity toward the
formation of heterochiral Zn(II) core complexes was not in-
fluenced by the size of the chiral substituents on the BOX lig-
and. The resin-generated heteroleptic Zn(II) complexes are
stable at elevated temperatures; however, they can be easily
disassembled through treatment by EDTA for resin recycli-
zation. In theory, this methodology enables to functionalize
a range of solid supports such as graphene, metal nanopar-
ticles, and various polymer-based materials. Further studies
are currently in progress, including theoretical calculations
of various homo- and heterochiral BOX Zn(II) complexes.

Experimental Section

General Information: Solvents andmaterials were obtained
from commercial suppliers (Fisher Scientific, Sigma-Aldrich,
and Alfa Aesar) and used without further purification. Un-
less otherwise noted, all reactions were performed in stan-
dard dry glassware under an Argon atmosphere in dry sol-
vents. Evaporation and concentration of solvents were car-
ried out with Büchi Rotavapor R-200 attached to a Maxima-
dry vacuum pump. Roto-evaporation for all zinc complexes
was performed at ambient temperature, and the residue
was further dried under a high vacuum to obtain the com-
plexed products. THF used for the synthesis of substituted
box derivatives was dried using 4 Å molecular sieves. Pre-
parative separations were performed by silica gel gravity
column chromatography using Silica Flash P60. TLC analyses
were performed on Merck Kieselgel 60 F254 glass plates and
were visualized with UV light or stains (iodine, vanillin, nin-
hydrin). 1H NMR and 13C NMR spectra were recorded at 25 °C
on a Varian 400MHz spectrometer using CDCl3 and DMSO-
d6 as solvents, which were purchased from Sigma Aldrich
and Cambridge Isotope Laboratories, respectively. The sol-
vent signals were used as internal standards for both
1HNMR (CDCl3 δ = 7.26 ppm) and 13C NMR (CDCl3
δ = 77.20 ppm) recordings. 1H NMR data are reported as fol-
lows: chemical shift (reported in parts per million), multi-
plicity (s = singlet, d = doublet, t = triplet, quart = quartet,
quint = quintet, sext = sextet, sept = septet, br = broad, and
m =multiplet), integration, and coupling constants (re-
ported in hertz). Mass spectra were measured with a Ther-
mo Fisher Scientific Q Exactive Plus (ESI, APCI) spectrometer
and an ABI 4700 mass spectrometer. Infrared spectra were
collected on a Nicolet iS10 FTIR spectrometer using a Smart
iTR-attenuated total reflectance sampling accessory with a
single bounce ZnSe crystal plate. Polarimetry was measured
in a Perkin Elmer Model 341 polarimeter at 25 °C in a
100mm cell at 589 nm using CH2Cl2 as the solvent.
General Procedure for Preparation of Chiral BOX Ligands:
(R,R)- or (S,S)-BOX ligands were prepared according to the
published procedure.24

(R,R)- or (S,S)-BOX (Ph): To a solution of diethyl malonimi-
date dihydrochloride (90mmol) in dichloromethane
(600mL) was added the amino alcohol (98mmol, 2.2 equiv)
at room temperature. The reaction mixture was stirred
under reflux for 48 h, and water (150mL) was added to the
reaction mixture. The crude product was extracted using di-
chloromethane (3 × 100mL), and the combined organic
layers were washed with brine (2 × 200mL). Solvents were
evaporated under reduced pressure, and the crude product
was purified by column chromatography with DCM/MeOH
(19 :1) as the eluent to give pure chiral BOX ligands. (S,S)-
BOX (Ph): pale brown oil.; 1H NMR (400MHz, CDCl3): δ
7.35–7.17 (m, 10 H), 5.25 (dd, J = 9.8, 8.3 Hz, 2 H), 4.67 (dd,
J = 10.2, 8.4 Hz, 2 H), 4.17 (dd, J = 8.4, 7.9 Hz, 2 H), 3.57 (s, 2 H)

Table 4 A dual functionalization of Wang resin

Entry Added ligands a,b Product c

Bound Unbound

1 (S,S)-BOX (Ph) (0.5 equiv)

(S,S)-BOX (Me) (0.5 equiv)

>98% ND e

2 (R,R)-BOX (Ph) (0.5 equiv)

(R,R)-BOX (Me) (0.5 equiv)

32% 68%

3 (S,S)-BOX (Ph) (0.25 equiv)

(S,S)-BOX (Me) (0.75 equiv)

>98% ND e

4 (S,S)-BOX (Ph) (1.0 equiv)

(S,S)-BOX (Me) (3.0 equiv)

25%

(>98%)d
75%

a 1 equiv of free ligand = 0.28mmol per 1.0 g of BOX-functionalized resin; b Equi-
molar amount of Zn(OAc)2 was used in all cases. c Bound/unbound ligands are
calculated based on 1) quantification of bound ligands upon their detachment
from resin through EDTA treatment, and 2) quantification of unbound complexes
in the supernatant solution; d Based on resin loading capacity. e ND: not detected.
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ppm. 13C NMR (101MHz, CDCl3): δ 163.00, 142.03, 128.69,
127.58, 126.64, 75.31, 69.74, 28.39 ppm. MS (ESI):m/z calcu-
lated for C19H18 N2O2 [M + H]+, 307.1441; found, 307.1427.
General Procedure for Preparation of Homochiral Zn(II)
BOX Complexes: (SS,SS)-Zn(II) BOX (Ph) was prepared ac-
cording to the published procedure.24 To a solution of (S,S)-
BOX (Ph) (2.0 g, 6.53mmol) in dichloromethane (10mL) was
added Zn(OAc)2 (600mg, 3.26mmol) in methanol (5mL)
and the resulting reaction mixture was stirred for 1min
and solvents are removed under reduced pressure to give
2.1 g (> 95%) of pure (SS,SS)-Zn(II) BOX (Ph) as a clear crystal.
1H NMR (400MHz, CDCl3) δ 7.20–7.10 (m, 12 H), 6.88 (dd,
J = 6.2, 3.0 Hz, 8 H), 4.54 (t, J = 8.5 Hz, 4 H), 4.32 (t, J = 8.4 Hz,
4 H), 3.95 (s, 2 H), 3.77 (t, J = 8.4 Hz, 4 H) ppm. 13C NMR
(101MHz, CDCl3) δ 171.92, 141.03, 128.47, 127.64, 126.72,
73.34, 66.52, 54.30 ppm. MS (ESI): m/z calculated for
C38H35 N4O4Zn [M+H]+, 675.1993; found, 675.1802.
General Procedure for Preparation of Heterochiral Zn(II)
BOX Complexes: (SS,RR)-Zn(II) BOX (Ph) was prepared ac-
cording to the published procedure.24 To a solution of (S,S)-
BOX (Ph) (1.0 g, 3.26mmol) in dichloromethane (5mL) was
added (R,R)-BOX (Ph) (1.0 g, 3.26mmol) in dichloromethane
(5mL) at room temperature. Zn(OAc)2 (600mg, 3.26mmol)
in methanol (5mL) was added to the mixture, and the re-
sulting reaction mixture was stirred for 1min, and the sol-
vents were removed under reduced pressure to give pure
(SS,RR)-Zn(II) BOX (Ph) as white crystals. 1H NMR (400MHz,
CDCl3): δ 7.34–7.26 (m, 8 H), 7.25–7.18 (m, 4 H), 7.12–6.99
(m, 8 H), 4.05 (dd, J = 8.3, 5.2 Hz, 4 H), 3.89 (t, J = 8.7 Hz, 4 H),
3.38 (dd, J = 9.1, 5.2 Hz, 4 H) ppm.
General Procedure for Generation of Two Specific Sets of
Heterochiral Zn(II) Complexes: Mixtures of (SS,RR)-Zn(II)
BOX (Me/Ph) and (SS,RR)-Zn(II) BOX (Me/Ph) were prepared
in one pot by simply mixing (RR,RR)-Zn(II) BOX (Ph/Ph), (SS,
SS)-Zn(II) BOX (Me/Me) and (SS,SS)-Zn(II) BOX (Ph/Ph) in a
2 :1 :1 ratio. The mixture was a white powder. 1H NMR
(600MHz, CDCl3): δ 7.33–7.17 (m, 24 H), 7.10–7.03 (m,
8 H), 4.83 (dd, J = 8.9, 5.6 Hz, 2 H), 4.50 (t, J = 8.8 Hz, 2 H),
4.31 (dd, J = 8.6, 5.6 Hz, 2 H), 4.15 (s, 1 H), 4.06 (dd, J = 8.2,
5.3 Hz, 4 H), 3.89 (t, J = 8.7 Hz, 4 H), 3.87 (s, 2 H), 3.78 (t,
J = 8.1 Hz, 2 H), 3.64 (s, 1 H), 3.45 (t, J = 7.4 Hz, 2 H), 3.38 (dd,
J = 9.1, 5.2 Hz, 4 H), 2.69 (m, J = 6.7 Hz, 2 H), 0.97 (d, J = 6.3 Hz,
6 H) ppm.
Generation of Dual-Heterochiral Zn(II) Complexes on the
Wang Resin: The (R,R)-BOX-functionalized resin (R,R)-SI‑2
(3.00 g, 0.278mmol/g) was suspended in dry DCM and
stirred at ambient temperature for 1 h. To the solution was
added (S,S)-BOX (Ph) (128mg, 0.42mmol) and (S,S)-BOX
(Me) (76mg, 0.42mmol) in DCM (2mL), and the mixture
was stirred for 1min. A solution of Zn(OAc)2 (153mg,
0.84mmol) in MeOH (2.0mL) was added to the mixture
and stirred for 10min at room temperature. The resin was
removed by filtration and washed with DCM (3 × 10mL), fol-
lowed by diethyl ether (3 × 10mL). FTIR: 1598 cm−1 ((SS,RR)-

Zn(II) BOX (Ph/Ph)) and 1593 cm−1 ((SS,RR)-Zn(II) BOX (Me/
Ph)).
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