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1. General information

All manipulations were performed under nitrogen atmosphere, due to the sensitivity of 

the reagents and some products, using dual-manifold (N2/vacuum) Schlenk line and a 

glovebox MBRAUN. The solvents and reagents were obtained from Sigma Aldrich and 

were used without previous purification. The commercial anhydrous solvents were kept 

on activated molecular sieves (4 Å) under inert atmosphere. The precursor 2-

(diphenylphosphino)aniline was synthesized adapting a previously published 

experimental procedure.1 Guanidines were synthesized using a procedure previously 

published by our research group.2

NMR spectra were recorded on a Bruker Avance Neo 500 spectrometer, using standard 

TOPSPIN 4.0 software. The chemical shifts were assigned based on homo- and 

heteronuclear 2D NMR experiments (COSY, HSQC, HMBC). Elemental analysis data 

were recorded on a Foss-Heraeus CHNO-Rapid analyzer. 

2. Synthesis of 2-(diphenylphosphino)aniline precursor

In a Schlenk, CuI (0.193 g, 1 mmol), HPPh2 (3.825 mL, 22 mmol) and DMEDA (0.77 

mL, 7 mmol) were added in 40 mL of toluene, stirring for 10 minutes. Then, 2-iodoaniline 

(4.385 g, 20 mmol) and Cs2CO3 (13.050 g, 40 mmol) were added, stirring at 110 ºC for 

20h. H2O (20 mL) was added, and the suspension stirred for 30 min. Then, it was 

extracted with ethyl acetate (2x20 mL) and the organic phase was dried over MgSO4. The 

solvent was removed in vacuum forming a viscous residue, which was purified by 

chromatography in a hexane/ethyl acetate mixture (9:1). The solution was concentrated 

and kept at -20 ºC and white solid was obtained. Yield: 3.20 g, 58%. The 1H and 31P NMR 

data agree with those described in bibliography.

3. Synthesis and characterization of L1H, L2H, L3H, L4H.

In a Schlenk, the corresponding aniline (3.14 mmol), diisopropylcarbodiimide (3.14 

mmol) and ZnEt2 as catalyst (0.094 mmol, 1.1 M in toluene) were added to 10 ml of 

toluene. The reaction mixture was stirred at 70°C for 5h. The solution was concentrated; 

pentane was added and kept at -20ºC to obtain a white 

solid. Yield: 0.51 g (91%) for L1H, 0.69 g (93%) for 

L2H, 0.45 g (80%) for L3H, 0.92 g (90%) for L4H.

1H NMR (500 MHz, 298 K, C6D6) δ (ppm) = 7.26 (m, 

2H, H-arom.), 7.13 (m, 2H, H-arom.), 6.92 (tt, 1H, 



3JHH = 7.4, 3JHH = 1.2, H-arom.), 3.64 (m, 2H, HNCH(CH3)2), 3.43 (d, 2H, 3JHH = 7.2, 

HNCH(CH3)2), 0.89 (d, 12H, 3JHH = 6.4, HNCH(CH3)2).

13C{1H} NMR (126 MHz, 298 K, C6D6) δ (ppm) = 151.7 (s, C-arom.), 149.5 (s, CN3), 

129.6 (s, C-arom.), 123.7 (s, C-arom.), 121.3 (s, C-arom.), 43.2 (s, HNCH(CH3)2), 23.2 

(s, HNCH(CH3)2).

1H NMR (500 MHz, 298 K, C6D6) δ (ppm) = 7.53 

(m, 4H, H-arom.), 7.15-7.13(m, 1H, H-arom.), 7.04-

7.00 (m, 8H, H-arom), 6.94-6.91 (m, 1H, H-arom.),  

6.73-6.68 (m, 1H, H-arom.), 3.64 (m, 2H, 

HNCH(CH3)2), 3.37 (d, 2H, HNCH(CH3)2), 0.89 (d, 

12H, HNCH(CH3)2).

13C{1H} NMR (101 MHz, 298 K, C6D6) δ (ppm) = 

157.20 (s, CN3), 155.28 (s, C-arom.), 139.15 (s, C-

arom.), 126.4 (s, C-arom.), 124.9 (s, C-arom.), 122.1 (s, C-arom.), 116.3 (s, C-arom.), 

43.4 (s, HNCH(CH3)2), 23.2 (s, HNCH(CH3)2).

13F{1H} NMR (471 MHz, 298 K, C6D6) δ (ppm) = -125.27.

1H NMR (500 MHz, 298 K, C6D6) δ (ppm) = 7.53 (m, 

4H, H-arom.), 7.18 (m, 1H, H-arom.), 7.00-7.15 (m, 8H, 

H-arom), 6.79 (m, 1H, H-arom.), 3.45 (m, 2H, 

HNCH(CH3)2), 3.37 (d, 2H, HNCH(CH3)2), 0.82 (d, 

12H, HNCH(CH3)2).

13C{1H} NMR (101 MHz, 298 K, C6D6) δ (ppm) = 

154.12 (s, C-arom.), 148.6 (s, CN3), 139.6 (s, C-arom.), 

134.6 (s, C-arom.), 124.1 (s, C-arom.), 133.0 (s, C-

arom.), 129.9 (s, C-arom.), 128.5 (s, C-arom.), 128.2 (s, C-arom.), 121.7 (s, C-arom.), 

121.6 (s, C-arom.), 43.1 (s, HNCH(CH3)2), 23.4 (s, HNCH(CH3)2).

31P{1H} NMR (162 MHz, 298 K, C6D6): δ -13.2.



1H NMR (500 MHz, 298 K, C6D6) δ (ppm) =7.50-7.47 

(m, 1H, H-arom.), 7.26-7.24 (m, 1H, H-arom.), 7.06-

7.05 (m, 2H, H-arom.), 7.03-6.99 (m, 2H, H-arom.), 

6.96-6.93 (m, 1H, Harom), 6.73-6.75 (m, 1H, H-

arom.), 3.67-3.60 (m, 2H, HNCH(CH3)2), 3.42 (d, 2H, 

HNCH(CH3)2), 0.91 (d, 12H, HNCH(CH3)2).

13C{1H} NMR (101 MHz, 298 K, C6D6) δ (ppm) = 

149.7 (s, CN3), 149.4 (s, C-arom.), 136.4 (s, C-arom.), 

132.8 (s, C-arom.), 131.7 (s, C-arom.), 130.5 (s, C-arom.), 129.3 (s, C-arom.), 127.5 (s, 

C-arom.), 127.0 (s, C-arom.), 123.1 (s, C-arom.), 122.1 (s, C-arom.), 43.3(s, 

HNCH(CH3)2), 23.4 (s, HNCH(CH3)2).

4. Synthesis and characterization of the complexes

The corresponding guanidine (2.5 mmol) and dimethylzinc (2.5 mmol) were added to a 

Schlenk, with the minimal amount of toluene, completing the reaction in 10 minutes. The 

solution was concentrated, hexane was added, obtaining a white solid which was filtered 

and dried in vacuum. Yields: 0.72 g (97%) for complex 1, 0.73 g (93%) for complex 2, 

0.78 g (91%) for complex 3, 0.96 g (95%) for complex 4. 

Complex 1. Elem. Anal. Calc. for [C14H23N3Zn]: C, 56.29; H, 7.76; N, 14.07. Found: C, 

56.38; H, 7.82; N, 14.10.

Complex 2. Elem. Anal. Calc. for [C14H22FN3Zn]: C, 53.09; H, 7.00; N, 13.27. Found: C, 

53.12; H, 7.10; N, 13.40.

Complex 3. Elem. Anal. Calc. for [C26H32N3PZn]: C, 64.67; H, 6.68; N, 8.70. Found: C, 

64.38; H, 6.82; N, 8.10.

Complex 4. Elem. Anal. Calc. for [C20H27N3SZn]: C, 59.04H, 6.69; N, 10.33. Found: C, 

59.18; H, 6.82; N, 10.40.



1H NMR (500 MHz, 298 K, C6D6) δ (ppm) = 7.21-7.12 

(m, 4H, H-arom.), 6.81-6.80 (m, 1H, H-arom.), 3.48 (m, 

2H, HNCH(CH3)2), 3.11-3.05 (m, 1H, HNCH(CH3)2), 

1.08 (d, 6H, HNCH(CH3)2), 0.60 (d, 6H, HNCH(CH3)2), -

0.11 (s, 3H, ZnCH3).

13C{1H} NMR (101 MHz, 298 K, C6D6) δ (ppm) = 161.5 

(s, CN3), 151.1(s, C-arom.), 129.2 (s, C-arom.), 122.3 (s, 

C-arom.), 120.7 (s, C-arom.), 46.7 (s, HNCH(CH3)2), 44.8 (s, HNCH(CH3)2), 24.5 (s, 

HNCH(CH3)2), 23.5 (s, HNCH(CH3)2), -12.0 (s, ZnCH3).

1H NMR (500 MHz, 298 K, C6D6) δ (ppm) = 7.16 (m, 1H, 

H-arom.), 6.94-6.90 (m, 1H, H-arom.), 6.84-6.81 (m, 1H, 

H-arom.), 6.64-6.61 (m, 1H, H-arom.), 3.51-3.45 (m, 2H, 

HNCH(CH3)2), 3.13-3.10 (m, 1H, HNCH(CH3)2), 1.10 (d, 

6H, HNCH(CH3)2), 0.63 (d, 6H, HNCH(CH3)2), -0.14 (s, 

3H, ZnCH3).

13C{1H} NMR (101 MHz, 298 K, C6D6) δ (ppm) = 162.4 

(s, CN3), 157.4(s, C-arom.), 155.6(s, C-arom.), 124.7(s, C-

arom.), 115.6(s, C-arom.), 115.4 (s, C-arom.), 46.9 (s, HNCH(CH3)2), 45.3 (s, 

HNCH(CH3)2), 24.1 (s, HNCH(CH3)2), 23.5 (s, HNCH(CH3)2), -14.8(s, ZnCH3).

13F{1H} NMR (471 MHz, 298 K, C6D6) δ (ppm) = -125.27.

1H NMR (500 MHz, 298 K, C6D6) δ (ppm) = 7.79-7.75 (m, 

1H, H-arom.), 7.42-7.38 (m, 1H, H-arom.),  7.12-6.99 (m, 

9H, H-arom.), 6.69-6.65 (m, 1H, H-arom.), 6.52-6.49(m, 

1H, H-arom.), 6.45-6.41 (m, 1H, H-arom.), 3.68 (d, 1H, 

HNCH(CH3)2), 3.48-3.42 (m, 1H, HNCH(CH3)2), 3.12-

3.03 (m, 1H, HNCH(CH3)2), 1.51 (d, 3H, HNCH(CH3)2), 

1.36 (d, 3H, HNCH(CH3)2),  0.60 (d, 3H, HNCH(CH3)2), 

0.44(d, 3H, HNCH(CH3)2), 0.02 (d, 3H, ZnCH3).

13C{1H} NMR (101 MHz, 298 K, C6D6) δ (ppm) = 163.7 (s, CN3), 158.7 (s, C-arom.), 

136.4 (s, C-arom.), 136.3 (s, C-arom.), 135.4 (s, C-arom.), 135.3 (s, C-arom.), 133.9 (s, 



C-arom.), 132.9 (s, C-arom.), 131.0 (s, C-arom.), 130.0 (s, C-arom.), 128.8 (s, C-arom.), 

128.7 (s, C-arom.),128.5 (s, C-arom.), 120.2 (s, C-arom.), 116.6 (s, C-arom.), 49.8 (s, 

HNCH(CH3)2), 45.1 (s, HNCH(CH3)2), 25.4 (s, HNCH(CH3)2), 24.2 (s, HNCH(CH3)2), 

24.0 (s, HNCH(CH3)2), 22.2 (s, HNCH(CH3)2), -6.08 (s, ZnCH3).

31P{1H} NMR (162 MHz, 298 K, C6D6): δ -24.17.

1H NMR (500 MHz, 298 K, C6D6) δ (ppm) = 7.39-7.37 

(m, 1H, H-arom.), 7.23-7.22 (m, 2H, H-arom.),  6.97-

6.94 (m, 2H, H-arom.), 6.88-6.86 (m, 1H, H-arom.), 

6.67-6.64 (m, 1H, H-arom.), 6.43-6.40 (m, 2H, H-

arom.), 3.54-3.46 (m, 2H, HNCH(CH3)2), 3.16-3.11 (m, 

1H, HNCH(CH3)2), 1.54-1.50 (dd, 6H, HNCH(CH3)2), 

0.56-0.54(dd, 6H, HNCH(CH3)2), -0.27 (s, 3H, 

ZnCH3).

13C{1H} NMR (101 MHz, 298 K, C6D6) δ (ppm) = 162.3 (s, CN3), 154.7 (s, C-arom.), 

137.8 (s, C-arom.), 137.6 (s, C-arom.), 131.4 (s, C-arom.), 128.9 (s, C-arom.), 127.1 (s, 

C-arom.), 126.0 (s, C-arom.), 120.7 (s, C-arom.), 117.0 (s, C-arom.), 115.5 (s, C-arom.), 

50.0 (s, HNCH(CH3)2), 45.3 (s, HNCH(CH3)2), 25.3 (s, HNCH(CH3)2), 25.2 (s, 

HNCH(CH3)2), 24.5 (s, HNCH(CH3)2), 21.8 (s, HNCH(CH3)2), -8.4 (s, ZnCH3).

5. Synthesis and characterization of cyclic carbonates

5.1. Synthesis of cyclic carbonates

In a 300 mL J. Young Schlenk flask, 1 mol% of catalyst 1 (49.5·10-3 mmol), 2 mol% of 

TBAI (100·10-3 mmol), the corresponding epoxide (5 mmol), and an atmospheric CO₂ 

pressure were added. The reaction mixture was heated at 100 °C for 24 hours. In the case 

of the epichlorohydrin precursor, dry 2-MeTHF was used as solvent. Afterwards, the 

conversion to the corresponding cyclic carbonates was determined by 1H NMR 

spectroscopy after dissolving the crude product in CDCl₃.



5.2. NMR details of cyclic carbonates

4-phenyl-1,3-dioxolan-2-one (6a): 1H NMR (CDCl3) δ (ppm) 

= 7.32-7.29 (m, 3H), 7.25-7.26 (m, 3H), 5.58 (t, 1H), 4.69 (t, 

1H), 4.18 (t, 1H).

4-(4-chlorophenyl)- 1,3-dioxolan-2-one (6b): 1H 

NMR (CDCl3) δ (ppm) = 7.43-7.41 (m, 3H), 

7.32-7.21 (m, 3H), 5.66 (t, 1H), 4.80 (t, 1H), 4.30 

(t, 1H).

4-(4-(phenoxymethyl)phenyl)-1,3-dioxolan-2-one 

(6c): 1H NMR (CDCl3) δ (ppm) = 7.32-7.29 (m, 2H), 

7.03-7.00 (m, 1H), 6.92-6.90 (m, 2H) 5.04-5.00 (m, 1H), 

4.62-4.51 (dt, 2H), 4.25-4.12 (dt, 2H).

4-methyl-1,3-dioxolan-2-one (6d): 1H NMR (CDCl3) δ (ppm) 

= 4.88-4.81 (m, 1H), 4.54 (t, 1H), 4.01 (t, 1H), 1.48 (t, 3H).

4-ethyl-1,3-dioxolan- 2-one (6e): 1H NMR (CDCl3) δ (ppm) 

= 4.69-4.63 (m, 1H), 4.52 (t, 1H), 4.08 (t, 1H), 1.85-1.75 (m, 

2H), 1.03 (t, 3H).



4-(chloromethyl)-1,3-dioxolan-2-one (6f): 1H NMR (CDCl3) δ (ppm) = 4.98-4.94 (m, 

1H), 4.58 (t, 1H), 4.40 (t, 1H), 3.79-37 (dd, 2H).

4-(butoxymethyl)-1,3-dioxolan-2-one (6g): 
1H NMR (CDCl3) δ (ppm) =  4.75-4.70 (m, 1H), 

4.39 (t, 2H), 4.25 (t, 1H), 3.56 (dd, 1H), 3.46 

(dd, 1H), 3.38 (tt, 2H), 1.45-1.39 (m, 2H), 1.27-

1.21 (m, 2H), 0.78 (t, 3H).



Table S1. Reported catalysts for the coupling of CO2 and epoxides at atmospheric pressure.

Catalyst 
(mol%)

Cocatalyst
(mol%)

Temperature
(ºC)

Tim
e

(h)

Solvent Conversio
n

(%)

TON TOF
(h-1)

Reference

[Zn4(OCOCF3)6O] carboxylato cluster
(2)

I-

(4)
25 20 Neat 94 47 2.4 3a

[Zn(DIP2pyr)2]
N.N-bischelato  complex

(2.5)

Br-

(5)
105 2 Neat 86 34 17.2 3b

[Zn(OH-salC2NH2Am]
salicylato bifunctional complex

(0.5)

Br-

(0.5)
120 12 DMF 90 180 15.0 3c

[Zn(N.N.O)(N.O)]
Schiff base bischelato complex

(0.14)

Br-

(0.2)
100 24 Neat 77 550 22.9 3d

Bis-(Zn-salphen)
dinuclear complex

(2)

I-

(2.7)
95 2 Neat 91 46 22.8 3e

Bifunctional Zn(II) porphyrin complex
(0.05)

Br-

(0.05)
20 48 Neat 82 1640 34.2 3f

[Zn(NCP)Cl]
porphyrin complex

(0.004)

Br-

(0.0169)
120 24 Neat 97 24250 1010.4 3g

In situ generated catalyst from Zn. DMF and BnBr
(5)

Br-

(5)
80 12 DMF >99 20 1.7 3h

[Zn(Brpy2-pyr)2
Tridentate bispyridylpyrrole complex

(0.1)

Br-

(10)
25 48 Neat >99 990 20.6 3i

[ZnMe(N.N.O-scorpionate)(ZnMe2)]Br
Bifunctional complex

(5)

Br-

(10)
25 24 Neat 53 11 0.4 3j



[Hmim]2[ZnBr4]
Metal-ionic liquid

(5)

Br-

(5)
25 5 Neat >99 20 4.0 3k

AsC(O)(OCO2)Zn
Ascorbato complex

(16)

Br-

(32)
50 17 Neat 88 6 0.3 3l

[Zn4(L)4(OH2)2(O)](TEAH)2
Tetranuclear Schiff base complex

(0.01)

Br-

(2)
80 4 Neat 81 8100 2025.0 3m

[{ZnBr(DBM)}2]Br2
Diketone bifunctional complex

(15)

Br-

(15)
60 16 Neat 97 6 0.4 3n

[Zn(Me6Tren)I]I
Bifunctional complex

(1)

I-

(1)
80 6 Neat >99 99 16.5 3o

La2Zn(N.O-ligand)(OBn)2
Heterobimetallic diglycolamine bridged 

bis(phenolato) complex
(0.5)

Br-

(2)
25 24 Neat 93 186 7.8 3p

Zn(betaine)2Br2
Bischelato complex

(2)

Br-

(2)
40 24 Neat >99 50 2.1 3q

[ZnMe(3-cis-bpmy)]
Scorpionato complex

(5)

Br-

(5)
25 24 Neat 71 14 0.6 3r

Catalyst 1
(1)

I-

(2)
100 24 Neat 91 91 3.8 This 

work



6. Synthesis and characterization of oxazolidinones

6.1. Synthesis of oxazolidinones

Syntheses of compounds 8a-i, 9a-g were performed under N2 atmosphere. In the 

glovebox, 1 equivalent of the appropriate isocyanate (7a-f, 50·10-3  mmol) was added into 

a Schlenk and dissolved in 2-MeTHF (5 mL). Subsequently, 2 mol % of catalyst 1 and 

cocatalyst, Bu4NI, were added in a 1:2 ratio (0.006 g (10·10-3 mmol) and 0.007 g (20·10-3 

mmol), respectively). Finally, 1 equivalent of the corresponding epoxide (5a-d,f, 50·10-3 

 mmol) was added. The reaction mixture was heated at 100ºC for 24 hours. Afterwards, 

the conversion to the corresponding oxazolidinones was determined by 1H NMR 

spectroscopy after dissolving the crude product in CDCl₃. Separation and purification of 

compounds 8a-i, 9a-g were carried out using TLC glass plate silica (employing 

hexane:ethyl acetate mixtures). Purification of compounds 8g and 8i were done by 

crystallization of these compounds in saturated solutions in 2-MeTHF. 

6.2. NMR details of oxazolidinones

 3,5-diphenyloxazolidin-2-one (8a): 1H NMR (CDCl3) δ 

(ppm) = 3.97 (dd, 1H, CH2, J = 7.5, 8.9 Hz), 4.38 (t, 1H, CH, 

J = 8.8 Hz), 5.64 (dd, 1H, CH2, J = 7.6, 8.6 Hz), 7.13-7.17 

(m, 1Harom), 7.37-7.44 (m, 7Harom), 7.55-7.57 (m, 

2Harom). 13C{1H} NMR (CDCl3) δ (ppm) = 52.8, 74.2, 

118.4, 124.3, 125.8, 129.2, 129.3, 138.2, 128.3, 154.8.

 3,4-diphenyloxazolidin-2-one (9a): 1H NMR (CDCl3) δ (ppm) = 

4.35 (dd, 1H, CH2, J = 7.9, 8.6 Hz), 4.80 (t, 1H, CH J = 8.4 Hz), 

5.67 (t, 1H, CH2, J = 8.0 Hz), 7.07-7.14 (m, 1Harom), 7.33-7.37 (m, 

5Harom), 7.43-7.49 (m, 4Harom). 13C{1H} NMR (CDCl3) δ (ppm) 

= 66.4, 71.3, 121.3, 124.5, 126.0, 128.6, 129.5, 129.9, 135.9, 154.9.

 3-(2,6-dimethylphenyl)-5-phenyloxazolidin-2-one (8b): 
1H NMR (CDCl3) δ (ppm) = 2.21 (s, 6H, CH3), 3.72 (dd, 1H, 

CH2, J = 7.4, 9.0 Hz), 4.17 (t, 1H, J = 8.9 Hz), 5.75 (dd, 1H, 

CH2, J = 7.4, 8.8 Hz), 7.06-7.19 (m, 3Harom), 7.44-7.47 (m, 

5Harom). 13C{1H} NMR (CDCl3) δ (ppm) = 17.9, 53.9, 75.1, 

NO

O

NO

O

NO

O



125.6, 127.8, 128.8, 128.9, 129.0, 129.2, 133.9, 136.9, 137.0, 139.0, 156.2.

3-(2,6-dimethylphenyl)-4-phenyloxazolidin-2-one (9b): 1H 

NMR (CDCl3) δ (ppm) = 1.73 (s, 3H, CH3), 2.40 (s, 4H, CH3), 

4.74 (dd, 1H, CH2, J = 5.8, 9.2 Hz), 4.88 (t, 1H, J = 9.0 Hz), 5.07 

(dd, 1H, CH2, J = 5.8, 8.8 Hz), 6.88-6.89 (m, 1Harom), 7.06-7.07 

(m, 2Harom), 7.24-7.33 (m, 5Harom). 13C{1H} NMR (CDCl3) δ 

(ppm) = 18.4, 18.6, 61.9, 69.1, 125.6, 128.2, 128.6, 128.9, 129.0, 

129.4, 133.1, 135.9, 137.3, 138.5, 156.2.

 3-(4-fluorophenyl)-5-phenyloxazolidin-2-one (8c): 1H 

NMR (CDCl3) δ (ppm) =3.95 (t, 1H, CH2, J = 8.2 Hz), 

4.36 (t, 1H, J = 8.8 Hz), 5.65 (dd, 1H, CH2, J = 8.1 Hz), 

7.06-7.09 (m, 2Harom), 7.39-7.46 (m, 5Harom), 7.50-

7.53 (m, 2Harom). 13C{1H} NMR (CDCl3) δ (ppm) = 

53.1, 74.2, 115.9, 120.2, 125.8, 129.2, 129.3, 134.4, 

138.1, 154.9, 160.7. 19F{1H} NMR (CDCl3) δ (ppm) = -118.2.

3-(4-fluorophenyl)-4-phenyloxazolidin-2-one (9c): 1H 

NMR (CDCl3) δ (ppm) = 4.22 (dd, 1H, CH2, J = 6.3, 8.7 Hz), 

4.79 (t, 1H, J = 8.7 Hz), 5.34 (dd, CH2, 1H, J = 6.3, 8.7 Hz), 

6.93-6.96 (m, 2Harom), 7.28-7.38 (m, 7Harom). 13C{1H} 

NMR (CDCl3) δ (ppm) = 61.3, 69.9, 115.7, 123.1, 126.5, 

129.2, 129.6, 133.1, 137.9, 156.2, 161.1. 19F{1H} NMR 

(CDCl3) δ (ppm) = -117.3.

3-(4-methoxyphenyl)-5-phenyloxazolidin-2-one 

(8d): 1H NMR (CDCl3) δ (ppm) = 3.80 (s, 3H, CH3O), 

3.93 (dd, 1H, CH2, J = 7.6, 8.8 Hz), 4.34 (t, 1H, J = 8.8 

Hz), 5.63 (dd, 1H, CH2, J = 7.6, 8.6 Hz), 6.91-6.93 (m, 

2Harom), 7.37-7.45 (m, 7Harom). 13C{1H} NMR 

(CDCl3) δ (ppm) = 53.4, 55.7, 74.1, 114.5, 120.5, 

125.8, 129.1, 129.2, 131.5, 155.2, 156.6.
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  3-(4-methoxyphenyl)-4-phenyloxazolidin-2-one (9d): 1H 

NMR (CDCl3) δ (ppm) = 3.73 (s, 3H, CH3O), 4.22 (dd, 1H, 

CH2, J = 6.4, 8.6 Hz), 4.77 (t, 1H, J = 7.4 Hz), 5.31 (dd, CH2, 

1H, J = 6.4, 8.7 Hz), 6.78-6.80 (m, 2Harom), 7.24-7.34 (m, 

7Harom). 13C{1H} NMR (CDCl3) δ (ppm) = 55.5, 61.6 ,69.9, 

114.4, 123.5, 126.0, 126.7, 129.0, 129.5, 138.4, 156.5, 157.1.

mixture of 5-phenyl-3-tosyloxazolidin-2-one (8e) 

and  4-phenyl-3-tosyloxazolidin-2-one (9e): 1H 

NMR (CDCl3) δ (ppm) = 2.37 (s, 3H, CH3), 2.47 (s, 

3H, CH3), 3.89 (dd, 1H, CH2, J = 8.0, 9.2 Hz), 4.28 

(dd, 1H, CH2, J = 3.3, 8.8 Hz), 4.43 (t, 1H, CH, J = 

8.8 Hz), =  4.72 (t, 1H, CH J = 8.7 Hz), 5.43 (t, 1H, 

CH2, J = 3.3, 8.5 Hz), 5.53 (t, 1H, CH2, J = 8.0 Hz), 

7.11-7.95 (m, 18Harom). 13C{1H} NMR (CDCl3) δ 

(ppm) = 21.8, 21.9, 51.9, 60.4, 70.5, 75.6, 125.7, 

127.2, 128.4, 128.5, 129.3, 129.4, 129.7, 130.1, 

134.0, 134.9, 136.3, 137.8, 145.3, 146.0, 151.7, 

152.1.

3-(tert-butyl)-5-phenyloxazolidin-2-one (9f): 1H NMR (CDCl3) δ 

(ppm) = 1.24 (s, 9H, CH3), 4.28 (dd, 1H, CH2, J = 7.9, 8.6 Hz), 4.73 

(t, 1H, J = 8.4 Hz), 5.61 (t, 1H, CH2, J = 8.0 Hz), 7.29-7.31 (m, 

2Harom), 7.36-7.39 (m, 3Harom). 13C{1H} NMR (CDCl3) δ (ppm) = 

28.8, 49.5, 50.0, 70.3, 125.0, 128.4, 128.9, 134.9, 153.9.

5-(4-chlorophenyl)-3-phenyloxazolidin-2-one (8f): 1H 

NMR (CDCl3) δ (ppm) =  3.92 (dd, 1H, CH2, J = 7.5, 8.9 

Hz), 4.39 (t, 1H, J = 8.8 Hz), 5.60-5.63 (m, 1H, CH2), 

7.14-7.18 (m, 1Harom), 7.36-7.42 (m, 6Harom), 7.53-7.55 

(m, 2Harom). 13C{1H} NMR (CDCl3) δ (ppm) = 52.8, 

73.5, 118.5, 124.5, 127.2, 129.3, 129.4, 135.2, 136.7, 

138.1, 154.6.
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4-(4-chlorophenyl)-3-phenyloxazolidin-2-one (9g): 1H NMR 

(CDCl3) δ (ppm) = 4.20 (dd, 1H, CH2, J = 6.0, 8.7 Hz), 4.81 (t, 

1H, J = 8.7 Hz), 5.42 (dd, 1H, CH2, J = 6.0, 8.7 Hz), 7.11-7.14 (m, 

1Harom), 7.27-7.32 (m, 2Harom), 7.36-7.40 (m, 6Harom). 
13C{1H} NMR (CDCl3) δ (ppm) = 60.3, 69.7, 121.0, 125.1, 127.8, 

129.2, 129.5, 129.8, 134.9, 136.9.

 5-(phenoxymethyl)-3-phenyloxazolidin-2-one 

(8g): 1H NMR (CDCl3) δ (ppm) = 4.08 (dd, 1H, CH2, 

J = 5.9, 8.9 Hz), 4.19-4.24 (m, 3H, CH, CH2O), 4.96-

5.02 (m, 1H, CH2), 6.90-6.93 (m, 2Harom), 6.98-7.02 

(m, 1Harom), 7.14-7.18 (m, 1Harom), 7.28-7.32 (m, 

2Harom), 7.38-7.42 (m, 2Harom), 7.57-7.59 (m, 

2Harom). 13C{1H} NMR (CDCl3) δ (ppm) = 47.6, 

67.9, 70.5, 114.7, 118.4, 121.9, 124.4, 129.3, 129.8, 138.3, 154.5, 158.1.

5-(chloromethyl)-3-phenyloxazolidin-2-one (8h): 1H 

NMR (CDCl3) δ (ppm) = 3.77 (qd, 2H, CH2Cl, J = 5.4, 11.6 

Hz), 3.97 (dd, 1H, CH2, J = 5.7, 9.2 Hz), 4.17 (t, 1H, CH, J 

= 9.0 Hz), 4.87 (m, 1H, CH2), 7.15-7.18 (m, 1Harom), 7.37-

7.41 (m, 2Harom), 7.54-7.56 (m, 2Harom). 13C{1H} NMR 

(CDCl3) δ (ppm) = 44.6, 48.3, 70.9, 118.5, 124.6, 129.3, 137.9, 154.0.

5-methyl-3-phenyloxazolidin-2-one (8i): 1H NMR (CDCl3) δ 

(ppm) = 1.53 (dd, 3H, CH3, J = 0.9, 6.3 Hz), 3.60-3.64 (m, 1H, 

CH2), 4.11 (td, 1H, CH, J = 0.9, 8.6 Hz), 4.78 (dtd, 1H, CH2, J = 

0.8, 7.1, 8.0 Hz), 7.11-7.15 (m, 1Harom), 7.35-7.39 (m, 2Harom), 

7.52-7.54 (m, 2Harom). 13C{1H} NMR (CDCl3) δ (ppm) = 20.8, 

52.0, 69.7, 118.3, 124.1, 129.2, 138.5, 155.0.
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Table S2. Reported catalysts for the coupling of isocyanates and epoxides.

Catalyst mol% t (h) T (ºC) Conversion
(%) TON TOF

(h-1) Reference

Bu3SnI / PPh3 10 2 40 96 10 4.8 4a
LiBr / Ph3PO 3 15 80 99 33 2.2 4b

Ph4SbI 10 1 45 100 10 10.0 4c
YCl3 10 3 25 99 10 3.3 4d

Bu3PO / LiBr 5 32 110 96 19 0.6 4e
SmCl3·6H2O 50 1 60 98 2 2.0 4f
[Al(salen)]2O 5 24 80 100 20 0.8 4g

[Cr(salcen)]Cl / PPh3O 3 2 60 90 30 15.0 4h
[V(salen)] / Bu4NBr 2 5 80 90 45 9.0 4i

[Nd(O3N ligand)]/Bu4NI 0,5 18 80 98 196 10.9 4j
Al heteroscoropionate / Bu4NBr 5 24 80 100 20 0.8 4k

[Cr(salphen)]Cl 1,5 4 80 90 60 15.0 4l
Me(OH)PhPPh3

+I- 2 24 100 98 49 2.0 4m
[R3R’Sb]+ 10 18 40 62 6 0.3 4n

Heterocyclic carbene / LiCl 1 4 200 89 89 22.3 4o
(p-MeOPh4)PI 2 24 80 93 47 1.9 4p

L-Ascorbic acid / Bu4NI 4 24 65 96 24 1.0 4q
Et3NI 10 1 100 83 8 8.3 4r

Scuaramide / Bu4NI 5 24 100 99 20 0.8 4s
Urea bifunctional phase-transfer catalyst 2,5 12 100 92 37 3.1 4t

Hydroxypyridinium iodide 5 0,25 100 95 19 76.0 4u
Hydroxyimidazolium iodide 3 14 90 100 33 2.4 4v

Aminocyclopropenium chloride 2 8 80 92 46 5.8 4w
Catalyst 1 2 24 100 95 48 2.0 This work
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Figure S1. 1H-NMR for L1H in C6D6.
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Figure S2. 13C{1H}-NMR for L1H in C6D6.
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Figure S3. 1H-NMR for L4H C6D6.
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Figure S4. 13C{1H}-NMR for L3H in C6D6.
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Figure S5. 19F{1H}-NMR for L3H in C6D6.
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Figure S6. 1H-NMR for L3H in C6D6.
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Figure S7. 13C{1H}-NMR for L3H in C6D6.
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 Figure S8. 31P{1H}-NMR for L3H C6D6.
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Figure S9. 1H-NMR for L4H in C6D6.
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Figure S10. 13C{1H}-NMR for L4H in C6D6.
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Figure S11. 1H-NMR for complex 1 in C6D6. 
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Figure S12. 13C{1H}-NMR for complex 1 in C6D6.
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Figure S13. 1H-NMR for complex 2 in C6D6.
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Figure S14. 13C{1H}-NMR for complex 2 in C6D6. 



-180-175-170-165-160-155-150-145-140-135-130-125-120-115-110-105-100-95-90-85-80-75-70-65
ppm

-1
24

.1
2

Figure S15. 19F{1H}-NMR for complex 2 in C6D6. 
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Figure 16. 1H-NMR for complex 3 in C6D6. 
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Figure S17. 13C{1H}-NMR for complex 3 in C6D6. 
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Figure S18. 31P{1H}-NMR for complex 3 in C6D6.
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Figure S19. 1H-NMR for complex 4 in C6D6. 
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Figure S20. 13C{1H}-NMR for complex 4 in C6D6. 
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Figure S21. 1H-NMR from reaction crude for the synthesis of compound 6a in CDCl3.
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Figure S22. 1H-NMR from reaction crude for the synthesis of compound 6b in CDCl3.
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Figure S23. 1H-NMR from reaction crude for the synthesis of compound 6c in CDCl3.
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Figure S24. 1H-NMR from reaction crude for the synthesis of compound 6d in CDCl3.
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Figure S25. 1H-NMR from reaction crude for the synthesis of compound 6e in CDCl3.
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Figure S26. 1H-NMR from reaction crude for the synthesis of compound 6f in CDCl3.
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Figure S27. 1H-NMR from reaction crude for the synthesis of compound 6g in CDCl3.
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Figure S28. 1H-NMR of the crude product of the reaction of cyclohexene oxide and 

CO2 in CDCl3.
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Figure S29. 1H-NMR from reaction crude for the synthesis of compounds 8a and 9a in 

CDCl3. 
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Figure S30. 1H-NMR full chart for compound 8a in CDCl3. 
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Figure S31. 13C{1H}-NMR full chart for compound 8a in CDCl3. 
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Figure S32. 1H-NMR full chart for compound 9a in CDCl3. 
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Figure S33. 13C{1H}-NMR full chart for compound 9a in CDCl3. 
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Figure S34. 1H-NMR from reaction crude for the synthesis of compounds 8b and 9b in 

CDCl3.
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Figure 35. 1H-NMR full chart for compound 8b in CDCl3.
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Figure S36. 13C{1H}-NMR full chart for compound 8b in CDCl3. 
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Figure S37. 1H-NMR full chart for compound 9b in CDCl3. 
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Figure S38. 13C{1H}-NMR full chart for compound 9b in CDCl3. 
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Figure S39. 1H-NMR from reaction crude for the synthesis of compounds 8c and 9c in 

CDCl3. 
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Figure S40. 1H-NMR full chart for compound 8c in CDCl3. 



-220-210-200-190-180-170-160-150-140-130-120-110-100-90-80-70-60-50-40-30-20-1001020
f1 (ppm)

-1
18

.1
9

Figure S41. 19F{1H}-NMR full chart for compound 8c in CDCl3. 
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Figure 42. 13C{1H}-NMR full chart for compound 8c in CDCl3. 
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Figure S43. 1H-NMR full chart for compound 9c in CDCl3. 
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Figure S44. 19F{1H}-NMR full chart for compound 9c in CDCl3. 
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Figure S45. 13C{1H}-NMR full chart for compound 9c in CDCl3. 
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Figure S46. 1H-NMR from reaction crude for the synthesis of compounds 8d and 9d in 

CDCl3. 
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Figure S47. 1H-NMR full chart for compound 8d in CDCl3. 
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Figure S48. 13C{1H}-NMR full chart for compound 8d in CDCl3. 
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Figure S49. 1H-NMR full chart for compound 9d in CDCl3. 
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Figure S50. 13C{1H}-NMR full chart for compound 9d in CDCl3. 
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Figure S51. 1H-NMR from reaction crude for the synthesis of compounds 8e and 9e in 

CDCl3. 
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Figure S52. 1H-NMR full chart for compounds 8e and 9e in CDCl3. 
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Figure S53. 13C{1H}-NMR full chart for compound 8e and 9e in CDCl3. 
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Figure S54. 1H-NMR from reaction crude for the synthesis of product 9f in CDCL3. 
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Figure S55. 1H-NMR full chart for compound 9f in CDCl3. 
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Figure S56. 13C{1H}-NMR full chart for compound 9f in CDCl3. 
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Figure S57. 1H-NMR from reaction crude for the synthesis of compounds 8f and 9g in 

CDCl3. 
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Figure S58. 1H-NMR full chart for compound 8f in CDCl3. 



0102030405060708090100110120130140150160170180190200
f1 (ppm)

52
.7

5

73
.4

8

11
8.

48

12
4.

50
12

7.
23

12
9.

30
12

9.
44

13
5.

23
13

6.
74

13
8.

10

15
4.

60

Figure S59. 13C{1H}-NMR full chart for compound 8f in CDCl3. 
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Figure S60. 1H-NMR full chart for compound 9g in CDCl3. 
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Figure S61. 13C{1H}-NMR full chart for compound 9g in CDCl3. 
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Figure S62. 1H-NMR from reaction crude for the synthesis of product 8g in CDCl3. 
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Figure S63. 1H-NMR full chart for compound 8g in CDCl3. 
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Figure S64. 13C{1H}-NMR full chart for compound 8g in CDCl3. 
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Figure S65. 1H-NMR from reaction crude for the synthesis of product 8h in CDCl3. 
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Figure S66. 1H-NMR full chart for compound 8h in CDCl3. 
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Figure S67. 13C{1H}-NMR full chart for compound 8h in CDCl3. 
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Figure S68. 1H-NMR from reaction crude for the synthesis of product 8i in CDCl3. 
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Figure S69. 1H-NMR full chart for compound 8i in CDCl3. 
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Figure S70. 13C{1H}-NMR full chart for compound 8i in CDCl3. 



8. NMR diffusion studies

The diffusion coefficients were measured by 1H DOSY NMR experiments in a Bruker 

AV400 using the ledbpgp2s pulse sequence, at room temperature in C6D6. We estimate 

the molecular weight from DOSY NMR results (diffusion coefficients) of the analyte 

(complex 1) and the reference (Tetramethylsilane), using the method and software 

described by Stalke et al. 5 In this way, a coefficient of logD1,norm = -9.1572 g/mol was 

measured and a molecular weight of 572 g/mol was estimated for compound 1.

Figure S71. The 1H DOSY NMR spectrum of complex 1.

9. X-ray structural analyses

Crystal of compounds 1´, 3 and 4 were mounted on a glass fibre and cooled to the 250 K for 

compounds 1´ and 4 and 200 K for compound 3. Data for compound 3 were collected on a Bruker 

APEX II CCD-based diffractometer equipped with a graphite monochromated MoKα radiation 

source (λ=0.71073 Å). Intensities were integrated in SAINT6 and absorption corrections based on 

equivalent reflections were applied using SADABS.7 Data for compounds 1´ and 4 were collected 

on a Rigaku Oxford Diffraction XtaLAB Synergy diffractometer equipped with CuKα radiation 



source. Data collection strategy was calculated with the program CrysAlis Pro CCD,8 and data 

reduction and cell refinement were performed with the program CrysAlis Pro RED.8 An empirical 

absorption correction was applied using the SCALE3 ABSPACK algorithm as implemented in 

the program CrysAlis Pro RED. Structures were solved using ShelXT,9 all of the structures were 

refined by full matrix least squares against F2 in ShelXL10,11 using Olex2.12 All of the non-

hydrogen atoms were refined anisotropically, while all of the hydrogen atoms were located 

geometrically and refined using a riding model. Compound 3 shows some disordered fragments 

and the occupancies of the disordered group were refined with their sum set to equal 1 and 

subsequently fixed at the refined values. Restraints were applied to maintain sensible thermal and 

geometric parameters. The X-ray crystallographic coordinates for the structures reported in this 

study have been deposited at the Cambridge Crystallographic Data Centre (CCDC) under 

deposition numbers 2520689-2520691. These data can be obtained free of charge via 

http://www.ccdc.cam.ac.uk/data_request/cif

Table S3. Crystal data and structure refinement for 1´, 3 and 4.

Identification code 1´ 3 4

Empirical formula C28H46N6O2Zn2 C118H144N12P4Zn4 C40H54N6S2Zn2

Formula weight 629.45 2115.80 813.75

Temperature/K 250.00(10) 200.0 250.15

Crystal system monoclinic triclinic monoclinic

Space group P21/n P-1 P21/c

a/Å 9.50200(10) 11.8289(5) 12.0842(5)

b/Å 10.97330(10) 11.9812(5) 34.2298(10)

c/Å 15.7972(2) 20.7760(9) 11.1316(4)

α/° 90 100.505(2) 90

β/° 104.7640(10) 99.090(2) 116.101(5)

γ/° 90 100.839(2) 90

Volume/Å3 1592.76(3) 2786.5(2) 4134.9(3)

Z 2 1 4

http://www.ccdc.cam.ac.uk/data_request/cif


ρcalcg/cm3 1.312 1.261 1.307

μ/mm-1 2.106 0.960 1.296

F(000) 664.0 1116.0 1712.0

Crystal size/mm3 0.142 × 0.133 × 0.05 0.167 × 0.135 × 0.038 0.35 × 0.3 × 0.1

Radiation Cu Kα (λ = 1.54184) MoKα (λ = 0.71073) MoKα (λ = 0.71073)

2Θ range for data collection/° 9.888 to 136.692 3.546 to 52.934 4.244 to 62.084

Index ranges
-11 ≤ h ≤ 11, -13 ≤ k 

≤ 13, -18 ≤ l ≤ 19

-14 ≤ h ≤ 14, -14 ≤ k ≤ 

14, -25 ≤ l ≤ 26

-16 ≤ h ≤ 16, -48 ≤ k 

≤ 47, -13 ≤ l ≤ 15

Reflections collected 28765 53749 48378

Independent reflections
2921 [Rint = 0.0217, 

Rsigma = 0.0094]

11427 [Rint = 0.0667, 

Rsigma = 0.0634]

10900 [Rint = 0.0301, 

Rsigma = 0.0252]

Data/restraints/parameters 2921/0/177 11427/199/674 10900/187/531

Goodness-of-fit on F2 1.067 1.066 1.115

Final R indexes [I>=2σ (I)]
R1 = 0.0228, wR2 = 

0.0639

R1 = 0.0477, wR2 = 

0.1304

R1 = 0.0571, wR2 = 

0.1435

Final R indexes [all data]
R1 = 0.0238, wR2 = 

0.0646

R1 = 0.0920, wR2 = 

0.1745

R1 = 0.0709, wR2 = 

0.1486

Largest diff. peak/hole / e Å-3 0.27/-0.25 0.78/-1.12 0.77/-0.65



Figure S72. Molecular structures of compound 1´. H atoms are omitted for clarity.

10. Computational methods

All DFT calculations were carried out using the GAUSSIAN16 package,13 with the B97XD 

functional.14 A pruned numerical integration grid (99,590) was used for all the calculations via 

keyword Int=Ultrafine. All elements were described using the 6-311+G(d,p) basis.15 Geometry 

optimizations were performed without symmetry restrictions, using analytical gradient 

techniques, and starting from initial coordinates derived from X-ray data of related complexes or 

suitably modified versions of them. Transition States were searched for, either by using 

Synchronous Transit-Guided Quasi-Newton (STQN) methodologies (keywords QST2 or QST3), 

or by the “distinguished reaction coordination procedure” by choosing an internal coordinate 

(typically a distance) as reaction coordinate and running an energy scan calculation along it, with 

the maxima of this plot being then used as starting point for a conventional transition state 

optimization. Frequency analysis was performed for all the stationary points to ensure that either, 

a minimum structure with no imaginary frequencies, or a saddle point with only one negative 

frequency along the reaction coordinate, were achieved. This calculation also provides 

thermochemical information about the reaction pathways at 298.15 K and 1 atm using the 

harmonic approximation. The connectivity of the optimized transition states was corroborated in 

the forward and backward direction via IRC calculations or by manual displacement of the 

geometrical parameters along the negative frequency and further optimization of the resulting 

geometries. Additional .xyz file is provided with the Cartesian coordinates for all the optimized 

structures.



10.1 DFT calculated structure of compound 1.

The dimeric structure of compound 1 was fully optimized using the X-ray data of [Zn(Et){(4-t-

BuC₆H₄)NC(NiPr)(NHiPr)}]₂ as starting point,2 and the optimized structure is shown in Figure 

S73. In order to evaluate the feasibility of a potential deaggregation of the dimer into monomeric 

species, we also optimized the hypothetical structure of a monomer (Figure S73). However, the 

calculated Gibbs free energy for the reaction: dimer → 2·monomer, was calculated to be Gr= 

+15.8 kcal·mol1, indicating a significantly higher stability of the dimeric motif. 

Figure S73. Optimized structures for compound 1 (left) and its monomeric form (right) with a 

view of the central core in the dimer (bottom). Hydrogen atoms, except those directly bonded to 

N, omitted for clarity.
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