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1. Thermogravimetric analysis
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Fig. S1. TG spectra of Rh2-L1 and Rh2-L2 complex.

According to TG analysis, the mass of Rho-Ln (n=1, 2) slightly decreased at 100 °C. This
indicates the presence of small amounts of solvent and water in the catalysts that are removed
from the samples at a temperature of 100 °C, at which the samples are treated in the TG for 1 h.
For both samples, the mass then decreases up to a temperature of ca. 450 °C, which refers to
the complete decomposition of the organic ligand systems. The rise of the curve between
500 °C to 650 °C refers to the formation of rhodium (I11) oxide at high temperature in oxygen
atmosphere. The Rh contents of catalysts (Rhz2-Ln) (n=1-2) were determined following the
procedure of Kaskel and co-workers.! Based on the residual mass at 650 °C, the rhodium (111)
oxide contents of the samples are 20.5% and 19.2%, respectively.

It has to be noted that this analysis does not consider the weight loss due to removal of the
solvent molecules at 100 °C. Assuming a weight loss of 4% due to solvent molecules the
corrected rhodium (I11) oxide contents of the samples are 21.4% and 20.0%. Since the catalysts
were used as obtained in the catalytic reaction, and these corrected values do not significantly
differ from the values calculated from the uncorrected residual mass at 650 °C, all Rh; contents
in the manuscript are based on the non-corrected rhodium (I11) oxide contents.



2. XRD
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Fig. S2. XRD patterns of the coordination polymers Rh,-L1 (a) and Rhz-L2 (b).



3. FT-IR
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Fig. S3. FT-IR spectra of Rh2(TFA)4 (a), H2L2 (b) and Rh2-L2 (c) complex.



4. Quantitative Analysis of solid-state 1°F NMR

The contents of fluorine in Rhz-Ln (n=1, 2) polymers were calculated from solid-state °F NMR
measurements in which BaF, was employed as standard. The *°F signal for the trifluoroacetate
groups in Rho-Ln (n=1, 2) polymers appear at around -74 ppm. Other signals in the *F NMR
spectra are attributed to BaF.. The integral area of the NMR signal is proportional to the number
of NMR active nuclei in the sample. Thus, the fluorine content in the Rho-Ln (n=1, 2) polymers
were calculated according to the procedure described in the following. The initial amounts of
samples for measuring *F MAS NMR are shown in Table S1. First, a mixture of the
coordination polymer Rh>-L1 or Rh2-L2, respectively, and BaF; as a standard was prepared. A
specific amount of this mixture (called sample) was then filled in the rotor for measurements.

Table S1. Initial amounts of samples

Rh2-L1 Rh2-1L.2

Masses (m) to prepare the mixtures of coordination polymer and BaF:

Rho-L1 0.0352 g Rhp-L2 0.0486 g
BaF> 0.0232¢g BaF> 0.0100 g
Rh;-L1+BaF> 0.0584 g Rh;-L2+BaF> 0.0586 g

Masses (m) to prepare rotors for NMR measurements

Rotor+cap 0.5163 g Rotor+cap 0.5163 g

Rotor+cap+sample 0.5348 g Rotor+cap+sample 0.5367 g

sample 0.0185 ¢ sample 0.0204 g
Rho-L1:

The mass of BaF; in the sample is:

0.0232 g

220 0.0185 g = 0.
005345 0.0185 g = 0.0073 g

Mpar, = BaF, ratio (%) X Mggmpre =

The mass of fluorine in BaF. in the sample is:

2 X Mg 0.0073 2 X 18.998 g:'mol!
= V. X
Mpar, &% 175.3238 g'mol'.

Mg (BarF,) = MBar, X =0.0016¢g

The mass of fluorine in Rh2-L1 in the sample is:

Area m Area —
F(BaFy) — F(BaFy) N mF(RhZ—Ll) — F(Rhy—L1)

X Mp(BaF,)

AreapRh,-L1)  MF(Rhy-L1) Arear(Bar,)



1.664 - 108

Mp(Rh,-11) = ©307.10° x 0.0016 g=5.0-10"°g

In the sample, the overall mass of Rhy-L1 is:

MRph,—11 = Msample — Mpar, = 0.0185g — 0.0073 g =0.0112 g

The fluorine ratio in Rho-L1 is:

5.0x1073

MF(Rhy-L1) x 100% = g« 100% = 0.45%

MRhy-L1 0.0112 g

The fluorine content in Rh»-L1 is:

mF(RhZ_Ll) _ 5.0 X 10_5 g

i o1 = =
Florine content (mol-g™) Man,—11 X My  0.0112g x 18.998 gmol?

~ 2.4-10"* mol-g!

Thus, the fluorine content in the Rhz-L1 coordination polymer is 0.24 mmol/g and
consequently the content of trifluoroacetate groups is 0.08 mmol/g since each trifluoroacetate
group contains three fluorine atoms.
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Taking the Rh> content for Rh2-L1 into account (0.81 mmol/g), the Rho/TFA ratio is 0.81/0.08
=10.1 for this catalyst. This means that only every 10th dirhodium unit contains one remaining
TFA group, and thus overall, only 100 / (4 - 10.1) ~ 2 % of the TFA groups in the catalyst are
preserved while 98% of the TFA groups are replaced during the formation process of the
coordination polymer Rho-L1.

Rho-L2:

The analysis for Rhz-L2 was performed in the same way. Thus, the content of fluorine in the
Rh2-L2 coordination polymer is 0.53 mmol/g and consequently the content of trifluoroacetate
groups is 0.18 mmol/g.

Taking the Rh; content for Rhz-L2 into account (0.81 mmol/g), the Rh2/TFA ratio is 0.76/0.18
= 4.2 for this catalyst. This means that only every 4th dirhodium unit contains one remaining
TFA group, and thus overall, only 100/ (4 - 4.2) =~ 6 % of the TFA groups in the catalyst are
preserved while 94% of the TFA groups are replaced during the formation process of the
coordination polymer Rho-L2.
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5. XPS
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Fig. S4. XPS spectra of Rh2(TFA)4 (a), Rhz-L1 (b) and Rh2-L2 (c) complex in wide scan
mode.



6. Calculation of turnover frequency (TOF)

The TOFs at certain reaction times (1.5 h and 3 h) for the Rh2-L1 catalyst in each recycle run
were calculated from the appropriate yields according to the procedure described in ref.

TOF = n(3- diazooxindole) * Yield / N(catalyst, exp) / t,

Where t is the reaction time, nN- diazooxindole) 1S the amount of 3-diazooxindole used in the
reaction, Neatalyst, exp) 1S the amount of dirhodium units calculated from the nominal
concentration of the weighted samples.

n(catalyst, exp) = n(catalyst) * (Rh% (nomlnal) / Rh% (TGA) )

Here Neatalysty is the amount of Rho-L1, which was chosen as 3.75 umol. Rh% (nominal) is the
theoretical Rh content and Rh% (TGA) is the experimental Rh content in the dirhodium
polymer, respectively.

Table S2. Calculation of the TOFs for Rho-L1 in each recycle run at 1.5 h and 3 h of reaction.

Time 15h 3h
Cycle no. Yield (%) TOF (h}) Yield (%) TOF (h})
1 65.9 17.4 95.0 12.5
2 65.4 17.2 95.0 12.5
3 63.5 16.7 93.0 12.2
4 60.6 16.0 95.0 12.5
5 61.9 16.3 89.0 11.7




7. Recycling tests

Table S3. Recycling test of Rhz-L1 catalyst in the asymmetric cyclopropanation reaction
between styrene and diazooxindole

Entry Catalyst  Cycle no. T(%rcr;;) ' Y(i;:) ;j ) dr® ?;) ;
1 Rho-L1 1 0 95 88:12 13
2 Rhz-L1 2 0 95 85:15 11
3 Rhz-L1 3 0 93 84:16 11
4 Rho-L1 4 0 95 82:18 8
5 Rho-L1 5 0 89 82:18 7

Reaction conditions: styrene (0.75 mmol) and diazooxindole (0.15 mmol) in DCE (3 mL) were
added to a two-necked round-bottom flask containing a magnetic stir bar under Ar atmosphere
at 0 °C, followed by addition of Rh,-L1(3.75 pumol) and stirred for 3 h.

a Overall yields of spiro-cyclopropyloxindoles. ® The diastereomeric ratio (trans:cis) dr was
determined by 'H NMR of the reaction mixture. ¢ The [ee] was analyzed for the trans-

enantiomers. It was calculated from data determined by chiral HPLC analysis.



8. ICP-OES

The leaching test was prepared according to a previous described procedure.?® In detail, the
filtrated solution from the leaching test (3 mL) was collected for ICP-OES measurement to
analyse the residual rhodium fraction. After the solvent was removed, the sample was heated
at 650 °C for 4 h, and the residue was dissolved in 3 mL aqua regia at 50 °C for 24 h. Then, the
sample was diluted with deionized water to obtain 25 mL solution of rhodium salts. The sample
was analysed by the AZBA GmbH, Berlin.

Table S4. ICP-OES for leaching solution (Probe I)

Probenbezeichnung: 19-03106-001: Probe |

Parameter

Methode

Einheit

BG

Messwert

Rhodium

DIN EN ISO 11885:2009-09

mg/l

0,05

< 0,05

The Rh content in the sample solution, determined by ICP-OES, was less than 0.05 ppm, i.e.
below the detection threshold of the ICP-OES.

10



9. Diastereomeric ratio (dr)

The diastereomeric ratio (dr) was determined by crude *H NMR analysis. The *H signals of
the two diastereoisomers show different chemical shift in the *H NMR spectra. For analysis
the signal group at 3.37 ppm, which refers to trans-cyclopropyloxindole and the signal group
at 3.19 ppm which refers to cis-cyclopropyloxindole were selected. The dr value was calculated

from the integral area of each signal group of H signals as dr = areaans : areacis.
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Rh2-L2 as catalyst

| [
J // /
i
Ea) £
‘ ‘ ‘ ‘ ‘ ‘. ‘ ‘ ‘ : 4‘0 3‘5 3‘.0 2‘5 2‘0 1‘5 1‘0 0‘5 U‘.U 0.5 1.0 1.5

r T T T
1.0 105 10.0 95 9.0 8.5 8.0 7.5

Rh2(S-PTPA)4 as catalyst

T T T T
10.5 10.0 9.5 9.0

12



10.Enantiomeric excess (ee)

The enantiomeric excess (ee) was determined by chiral HPLC with a Reprosil chiral OM-R
column [35% MeCN in water + 0.1% TFA, 1.0 mL/min, 45 min];

tr (Major enantiomer) = 35.2 min; tr (minor enantiomer) = 36.6 min. The ee% was calculated
according to Eq. S1.

Areamgjor—Areaminor

ee% = x 100% Eq. S1

Areamgqjort Areaminor
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Rh2-L1 as catalyst
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Rh2-L2 as catalyst
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Rh2(S-PTPA)4 as catalyst
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11. Liquid NMR Spectra

3-Diazooxindole (CDClIz as solvent)
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Trans-cyclopropyloxindol (CDCI;z as solvent)
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Chiral ligands (DMSO-ds as solvent)
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