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Abstract: New catalysts of water soluble bifunctional metalloporphyrins M(TTMAPP)L4«(X) (M = Co, Fe, Mn, and Cr; X = OAc, CF;COO,
CCl13COO, OTs, Cl, Br, and 1) were synthesized and used to catalyze the synthesis of cyclic carbonate through the coupling reaction of ter-
minal epoxides and CO,. The effects of reaction temperature, various metals as the Lewis acidic center, counterions, and recycling of the
catalysts were studied. 5,10,15,20-Tetra-(p-N,N,N-trimethylphenyl ammonium iodide)porphyrinium cobalt(Ill) acetate [Co(IlI)-
(TTMAPP)I4(OAc)] was efficient in the coupling reaction of various terminal epoxides and CO; at 353 K under 667 kPa of CO, pressure
without solvent and molar ratio of epoxide:catalyst = 1000. It gave a propylene carbonate yield of 95.4% within 5 h. At 298 K in the presence
of 1 ml methanol with the molar ratio of epoxide:catalyst = 2000, it gave a propylene carbonate yield of 19.4% within 24 h. The catalyst
could be recovered with diethyl ether and reused five times without significant loss of catalytic activity.
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Scheme 1.  Synthesis of cyclic carbonates catalyzed by M(TTMAPP)-
L«(X).
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Scheme 2. The structure of catalysts M(TTMAPP)I4(X).
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Table 1 Effect of reaction temperature on coupling reaction of pro-
pylene oxide (PO) and CO,

Entry  Temperature (K)  Time (h)  Yield* (%) TOF (h™)
1° 298 24 19.4 16.2
2 333 24 52.7 21.9
3 343 11 97.6 88.7
4 353 5 95.4 190.8
5 363 7 73.8 105.4

“Isolated yield with selectivity > 99%. Reaction conditions: catalyst 1a
0.05 mmol, PO 50 mmol, p(CO,) = 667 kPa; bEpoxide 100 mmol,
p(CO,) =1 334 kPa, 1 ml methanol as solvent.
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Table 2 Catalytic performance of different metalloporphyrins for
coupling reaction of PO and CO,

Entry Catalyst Time (h) Yield® (%) TOF (h™")
1 la 5 95.4 190.8
2 1b 15 73.5 49.0
3 1c 5 86.5 173.0
4 1d 24 12.3 5.1
5° 1d 24 58.6 29.3

“Isolated yield with selectivity > 99%. Reaction conditions: cata-
lyst 0.05 mmol, PO 50 mmol, p(CO,) = 667 kPa, 353 K; °1 ml

methanol as solvent.
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Table 3 Effect of counterion X in catalyst Co(TTMAPP) 14(X) on
the coupling reaction of PO and CO,

Entry X Time (h)  Yield® (%) TOF (h')
1 OAc 5 95.4 190.8
5 95.8° 191.6
2 CF;C00~ 24 438 2.0
4 89.8° 2245
3 CCL,COO™ 24 <1.0 <1.0
3 66.9° 223.0
4 OTs™ 72 30.9 43
8 15.5° 18.9
5 cr 5 59.6 119.2
5 61.4° 122.8
6 Br 8 33.9 42.4
5 66.1° 1322
7 I 8 66.7 83.4
5 72.8° 145.6

“Isolated yield with selectivity > 99%. Reaction conditions: catalyst
0.05 mmol, PO 50 mmol, p(CO,) = 667 kPa, 353 K; °1 ml methanol as
solvent.
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Table 4 Reusabillity of catalyst 1a in coupling reaction of PO and
CO,

Cycle Yield® (%) TOF (h™")
1(fresh) 95.4 190.8
2 93.9 187.8
3 92.0 184.0
4 88.5 177.0
5 85.6 171.2
6 81.3 162.6

Reaction conditions: catalyst 1a 0.05 mmol, PO 50 mmol, p(CO,) =
667 kPa, 353 K, 5 h. “Isolated yield with selectivity > 99%.
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Reaction conditions: catalyst 1a 0.05 mmol, epoxide 50 mmol, p(CO,)
=667 kPa, 353 K. “Isolated yield with selectivity > 99%.
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