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Table 1. |dentification of the optimum catalyst system for the
CO, fixation of epoxide 2 a.

1 (x mol%)
TBAB (y mol%)

Manganese Corrole complexes in combination with tetrabutylammonium- bromide (TBAB) for the

o (0.05 mol%) //< <
P TBAB (2 mol%) | o\, |reaction of epoxides with CO, to cyclic carbonates. It was found that the use of Phe .~ €O (1atm)
R CO, (1 atm) )\/ conditions

_______________________ 2560°c = [Jjust 0.05 mol % of a manganese(lll)corrole with 2 mol % TBAB exhibits excellent -
: conv.

. . L 1 [mol % TBAB [mol %] ... t[h
catalytic activity even at room-temperature with just 1 atmosphere of CO, [1]. [mol %] [mol %] [°C] tih] [9) 1!

Mn 1 a (0.05 %) 1% 48

Various catalysts for this reaction have been developed, including metal

- 1% 9

complexes (e.g., metal-salen complexes and metalloporphyrins) [2-4] and

Mn 1 a (0.05 %) - n.r.

organocatalysts (e.g., quaternary onium salts or N-heterocyclic carbenes) [5-6].

Mn 1 a (0.05 %) 1% 8

DFT calculated structures of the three Fe 1 b (0.05 %) 1% 34

main proposed intermediates A—C Co 1 ¢ (0.05 %) 1%

13

O 4+ TBAB

) ( ; )
B3LYP- 6-311+G(d,p)

-
B3LYP- 6-311+G(d,p) .

Cu1d (0.05 %) 1% 13

Sb 1 e (0.05 %) 1% 12

Bi 1 f (0.05 %) 1% 15

>~ o AP

Mn 1 a (0.01 %) 1% 29

Proposed
catalytic

11 Mn 1 a (0.003 %) 1% 4 15

The corrole macrocycle exhibits a 12 Mn 1 a (0.05 %) 2% 4 60"

dome-shaped structure after "
coordination with the ring-opened 13 Mn 1 a (0.05 %) 2% 8 >95

substrate (intermediate A).

14 Mn 1 a (0.05 %) 2% g8 >gslel

After the insertion reaction of CO,, [a] 4 mmol scale (neat); [b] determined by *H NMR of the reaction mixture; [c] less than 15%
the axial pyramidal conformation is

distorted (see structure B)

conv. in the absence of 1 a; [d] the product can be quantitatively isolated after filtration over a

short plug of silica; [19] [e] recycled 1 a used.

Scheme 1. Proposed synergistic catalysis mode for the Mn-corrole 1 a- and TBAB-catalyzed CO, fixation with epoxides (based on recent studies)[7-12] and Table 2. Application scope. o

calculated molecular structures of the proposed intermediates A—C. 1a (0.05 mol%) OJ{
/Qo TBAB (2 mol%) /K/O
e . [ . R - R
Corrole (Synthesis): Investigated Metal Corroles: 2 gf,,zdg;g:;;) :
[d]
: — : z N (a] conv. Yyield. ) TOF
aromatic macro- tri-anionic ligand UV-vis CeFs entry R Trd [h] 9] 9@ TONT
heterocycle with transition metals -active | . 1 oh 60 8 >95 94 1880 235
H FsCs CFs 2 Ph 25 8 25 24 480 60
1.5 eq. D DDQ, DCM, l-
/ TFA, D CM» THE. F.Ce CeFs Hetallation 3 4-Cl-CecH, 60 8 >98 96 1920 240
* rt, 10 toluene, rt, e.g. Mn(Ac),, 1 4 4-F-CH, 25 8 >98 98 1960 245
FsCe~ o  Mmin 5 min DMF, reflux  |M = Mn (1a), Fe-Cl (1b), Co-PPh; (1c),
16% (over 2 steps) k Cu (1d), Sb-pyr (1e), Bi (1f) J 5 PhOCH, 60 8 >95 94 1880 235
Scheme 2. The synthesis of 5,10,15-tris(pentafluorophenyl)corrole (TpFPC) according to [12]. (The three C.F.-groups in the mesopositions of the macrocycle 6 PhoCHOCH, 60 8 71 701400 175
withdraw electron density from the 18-mi-electron system. A consequence of this effect is the improved stability of such high-valent metal corroles.) 7 CICH, 60 8 89 88 1760 220
S t h I t- p To obtain further mechanistic details, we investigated the time course UV/Vis spectral changes 8 vinyl 60 8 >98 93 1860 232
ee € corroie-ation: occurring to the catalyst 1 a during the reaction. 9 but-3-enyl 60 8 >98 98 1960 245
472 nm nm
2 after addition of TBAB and CO, : - 47'3 10 bUt-3-€l’]Y| 60 20 >38 98 1360 98
f bubbling (dotted green line) Green line evolves after addition | Green line evolves after 0.3+ '

of an excess of t-BuOK. . addition of an excess of KOAc. 11 Me 25 8 57 55 1100 137

;. after f.uII conver:sion of propylene enta line evolves after
P ot red wdtion of stolchiometri 12 Me 25 20 >95 83 1760 88

\J:_:' :I. (dashed red line)
:‘\ 2

amount of t-BuOK

g4 o [a] 4 mmol scale (neat); [b] judged by "H NMR of the reaction mixture; [c] isolated yield after

".1 1 ain propylene oxide at 20 °C
(solid black line)
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filtration over a short plug of silica; [d] based on 1 a. TON=turnover number; TOF=turnover

frequency.
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Figure 1. UV/Vis absorption spectra of 1 a during the CO, fixation Figure 2. Titration of 1a (black line) with t-BuOK. Figure 3. Titration of 1a (black line) with KOAc (green line). Figure 4. Section of the time-course UV-vis spectra of the back AC n Ow e ge m e n t S °
reaction of propylene oxide to 4-methyl-1,3-dioxolan-2-one. conversion to 1a.
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A We have shown that recycling of the Mn-corrole is possible and makes the Lewis-acidic manganese corrole

complex reusable for further transformations.




