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㔞ᏊᏛゎᯒࡢᛂࣝࢡ

S'*s ฟࢆCO2ࠊ࡚࠸࠾ὶ₻ࣝࣂーࣟࢢࡿࡍ᥎㐍ࢆ

発ཎᩱࡿࡍ᭷⏝≀㉁ࡢᏛྜᡂࠊࡸ᭷ᶵᗫᲠ≀ࢆ
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࠸పࡀᏛⓗάᛶࠋࡿ࠸࡚ࢀࡽ CO2ࡢኚࠊࡣᕼᑡ㔠

ᒓゐ፹࡚࠸⏝ࢆ㧗 㧗ᅽᛂ᮲௳ୗ࡛㐩ᡂࡿ࠸࡚ࢀࡉ

ࢫセࣟࣉ工業ࡣ௳ᛂ᮲࡞ࣅࢩ࡞࠺ࡼࡢࡇࠊࡢࡢࡶ

⏝ᐇࡿࡍ⫣㈉s*'6ࠊࡃࡋ㞴ࡀ⌧ᐇⓗࢺࢫࢥ࡚ࡋ

ᡭἲࠋ࠸࡞࠸࡚ࡗ⮳ࡣ

᭱㏆࣏ࣞ࢘ࣜࠊタンゐ፹ࡓ࠸⏝ࢆ㧗ኚຠ⋡࣭㧗

ターン࢜ーࣂーࢆ㐩ᡂࡓࡋ⯆῝࠸ CO2ࢧ࣑ࣜࣝ࢝ࢣ

࡞ࢻ࣐ࣝẚ㍑ⓗࠋ[6][5]ࡿ࠸࡚ࢀࡉሗ࿌ࡀᛂࣝࢡ

ᛂ᮲௳࡛㐍行࣓ࡿࡍタࣝࣜࣇーᛂ࡛ࠊࡾ࠶工業

ࡢᛂࡢࡇࠋࡿࢀࡉᮇᚅࡀࢺࢡࣃン࡞ࡁ大ࡤࢀࢀࡉ

ᇶ♏ⓗ࣓ࢬࢽ࢝ムࢆゎ᫂ࢆࡇࡿࡍ目ⓗ୍ࠊ࡚ࡋ㐃

ࠋ㸦ᅗ㸱㸧ࡓࡋᐇ行ࢆ⟭㔞ᏊᏛィࡢ

ᅗ㸱 ᛂࣝࢡࢧ࣑ࣜࣝ࢝ࢣࡓ࠸⏝ࢆタンゐ፹࣏ࣞ࢘ࣜ

㸰㸬㸯 ィ⟬ᡭἲ࣭ࢢンࣜࢹࣔ

ᑐ㇟࡛ࣝࢡࢧ࣑ࣜࣝ࢝ࢣࡿ࠶ᛂ࣏࢘ࣜ✀ྛࠊࡣ

ࣞタンゐ፹ࠊ࡚࠸⏝ࢆCO2ࢻࢧ࣏࢚࢟ㄏᑟయࡽ㸳

ဨ⎔࢝ーࢿ࣎ーࢺㄏᑟయࢆ⏕ᡂࣝࢡࢧࡿࡍᛂᶵᵓ

ンࣞࢳ࢚ࠊࡣ≀ᛂࠊࡵࡓࡢไ⣙ࢺࢫࢥ⟭ィࠋࡿ࠶࡛

࣎ー࢝ンࣞࢳ࢚ㄏᑟయ㸧ࢻࢧ࣏࢚࢟㸦ࢻࢧ࢟࢜

⡆᫆ࢀࡒࢀࡑㄏᑟయ㸧ࢺーࢿ࣎ー࢝⎔㸦㸳ဨࢺーࢿ

ࣀ㙐ㄏᑟయࣔ┤ࠊࡣタンゐ፹࣏ࣞ࢘ࣜࠋࡓࡋࣝࢹࣔ
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ࣝࢡࢧゐ፹ࠋ㸦ᅗ㸲㸧ࡓࡋゎᯒࢆຠᯝࡢーࣝᇶࣜ

ᛂᶵᵓࡢ㔞ᏊᏛゎᯒࠊࡣ*DXssian[7]ࢆ[8]55017*

ỗ㛵ᩘࡣᐦᗘỗ㛵ᩘἲ(DFT)ࠊ࠸⏝࡚ࡏࢃྜࡳ⤌

M06-2X ࡣ፹ຠᯝ⁐ࠋࡓࡋ⏝᥇ࢆ 6&5)�SMD ἲ࡛⪃៖ࡋ

Preliminaryࠋࡓ testࡎࡲࠊ࡚ࡋ 3-21*ᇶᗏ㛵ᩘࢆ

ࣇࣟࣉーࢠࣝࢿ࢚࡞ᐃᛶⓗࡢᛂᶵᵓయࡓ࠸⏝

ࡣ㑄⛣≧ែࡧࡼ࠾Ᏻᐃయࡢࣉࢵࢸࢫྛࠋࡓࡵồࢆࣝ

*550/MC-A),5, *550�DS-AFI5࡛ồ55*ࠊࡵM/LUP⤒㊰ࢆ

᳨ドࡢࡑࠋࡓࡋᚋ6-31ࠊ*�G)ᇶᗏ㛵ᩘࡓ࠸⏝ࢆ

*550/5HSath࡛ィ⟬⢭ᗘ࡚ࡆୖࢆ᳨ドࢆ行ࠋࡓࡗ

ᅗ㸲 ᛂ≀࣏ࣞ࢘ࣜࡧࡼ࠾タンゐ፹ࡢ⡆᫆ࣔࣝࢹ

㸰㸬㸰 ゎᯒ⤖ᯝ

㸰㸬㸰㸬㸯 ┤㙐࣏ࣞ࢘ࣜタンࣔࣝࢹゐ፹

ᛂᶵࡢ୰࡛✵┿ࠊ࡚ࡋࢫーࢣࣝࢹࣔ࡞⡆᫆ࡶ᭱

ᵓゎᯒࡢ⤖ᯝࡍ♧ࢆ㸦ᅗ㸳㸧ࠋᛂࡣ㸱ࣉࢵࢸࢫศࡅ

ࣝࢳ࣓ࡿ࠶࡛ࣝࢹタン⡆࣏᫆ࣔࣞ࢘ࣜࡣึ᭱ࠋࡿࢀࡽ

ຍᛂࡢࢻࢧ࢟࢜ンࣞࢳ࢚ࡢࢺー࣓ࣂࣝ࢝

(path-B)ࠊḟ CO2ࡢຍᛂ㸦path-C㸧,᭱ᚋࢳ࣓

ーࢿ࣎ー࢝ンࣞࢳ࢚࡛⛬㐣ࡿࡍ⏕ࡀࢺー࣓ࣂࣝ࢝ࣝ

Path-Bࠋ㸦path-D㸧ࡿࡍศ㞳⏕ᡂࡀࢺ 㙐୰㛫┤ࠊࡣ࡛

య⎔≧୰㛫యࡢ㸰ࡢࡘ୰㛫యࡢࡽ⤒㊰ࡀᏑᅾࠋࡿࡍ

ᛂࣉࢵࢸࢫ㸦path-B/path-C/path-D㸧ࠊࡕ࠺ࡢ

path-Bࡢάᛶ㞀ቨࡶ᭱ࡀ㧗ࡀࣉࢵࢸࢫࡢࡇࠊࡃᐇ

ࡼࡀάᛶ㞀ቨࠋࡿ࠸࡚ࡗ࡞ࢡࢵࢿࣝࢺ࣎ᛂࡢୖ

㙐୰㛫య(66┤࠸పࡾ kcal/mol)ࡿࡍ⏤⤒ࢆ⤒㊰ࡀඃ

ඛࡿࢀࡉ᥎ᐃࠊࡀࡿࢀࡉάᛶ㞀ቨࡢᕪࡣ⣙㸲

kcal/mol ⣙㸱ࡀ୰㛫య≦⎔㏫ࡣ≀ᡂ⏕ࠋ࠸ࡉᑠ

kcal/molᏳᐃࠊࡵࡓ࡞୧⪅ࡣᖹ⾮ୗ࡛ඹᏑࡿ࠸࡚ࡋ

ኚ␗యࡢࡘ㸰ࡣ㙐୰㛫య┤ࠊࡓࡲࠋࡿࢀࡽ࠼⪄

㸦imineᆺ/zwitterionicᆺ㸧ࠊࡀࡿࢀࡽ࠼⪄ࡀ⁐፹ࢆ

⪃៖࠸࡞ࡋ┿✵᮲௳ࡢィ⟬࡛ࡣศᴟࡀ大࠸ࡁ

zwitterionic ᆺࡣᏳᐃᏑᅾ࡛ࡵࡓ࠸࡞ࡁぢฟ࡞ࡏ

ࡉ᥎ᐃ࠸࡞ࡋ㛵ᛂࡣzwitterionicᆺࠋࡓࡗ

ࡓࡲࠋࡿࢀ imineᆺࡣศᏊෆỈ⣲⤖ྜࢆᙧᡂ࡚ࡋᏳᐃ

ᵓ㐀ࡿࢆ㸦ᅗ㸴㸧ࠋ

ḟࡢ path-C࡛ࠊࡣ┤㙐୰㛫య⎔≧୰㛫యࡢ୧᪉

ࡢ୰㛫య⤒㊰≦⎔ࠊࡀࡿࡍᏑᅾࡀᛂ⤒㊰ࡿࡍฟ発ࡽ

άᛶ㞀ቨࡀ㢧ⴭపࡵࡓ࠸㸦⣙ 12 kcal/mol㸧ࡢࡇࠊ

⤒㊰ࡿࡍ⏤⤒ࢆࡳࡢ᥎ᐃࠋࡿࢀࡉ┤㙐୰㛫యࡣ㸰

ࢀࡉ᥎ᐃࡀኚ␗య㸦imineᆺ/zwitterionicᆺ㸧ࡢࡘ

ࡉぢฟࡀࡳࡢimineᆺࠊᵝྠ≀ᡂ⏕ࡢpath-Bࠊࡀࡿ

ࠋࡓࢀ

PhBu

OBu

Bu Ph

OBu

O
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ᅗ㸳 ┤㙐࣏ࣞ࢘ࣜタンࣔࣝࢹゐ፹ࡢᛂᶵᵓ㸦Ẽ┦㸧

ᅗ㸴 ┤㙐࣏ࣞ࢘ࣜタンࣔࣝࢹゐ፹ࡢኚ␗㸦⁐፹/┿✵㸧

ࡿ࠶࡛≀ฟ発ࡢpath-Cࠊࡾࡲࡘࠉ imineᆺ┤㙐୰㛫య

ࢀࡽᛂ㞀ቨ࡛㝸࡚ࡢ⣙4.6kcal/molࡣ୰㛫య≦⎔

࡚Ꮫᖹ⾮ࢆಖࠊࡶࡘࡘࡕ๓⪅ࡽᚋ⪅ࡢኚࢫࡀ

ムーࢫ⏕㉳ࠊ࡚ࡋpath-Cࡢᛂࡀ㐍行ࡿࡍ᥎ᐃࡉ

ࡿ࠶࡛≀ฟ発ࡢPath-Dࠋࡿࢀ imineᆺ┤㙐୰㛫యࠊࡣ

大࡞ࡁάᛶ㞀ቨ㸦⣙ 53 kcal/mol㸧᭱ࠊ࡚ࡋ⏤⤒ࢆ

⤊⏕ᡂ≀࡛ࣞࢳ࢚ࡿ࠶ン࢝ーࢿ࣎ーࢆࢺࠋࡿ࠼

ḟࠊỈࢆ௬ⓗ⁐፹࡚ࡋ⁐፹和ຠᯝࢆ⪃៖ࡓࡋ

ィ⟬ࢆ行ࡓࡗ㸦ᅗ㸵㸧ࠋ┿✵୰ࡢ大࡞ࡁ㐪ࠊࡣ࠸

zwitterionicᆺ୰㛫యࡢᛂࡢ㛵࡛ࠋࡿ࠶㧗࠸ศ

ᴟ⋡ࢆ᭷ࡿࡍ⁐፹୰࡛ࠊࡣzwitterionicᆺ㟁Ꮚᵓ㐀ࡀ

┦ᑐⓗᏳᐃ࡚ࢀࡉ⣔୰Ꮡᅾྍ⬟ࠋࡿ࡞path-B

imineࠊࡣ࡚࠸࠾ ᆺ㑄⛣≧ែࡿࡍ⏤⤒ࢆ imine ᆺ┤

㙐୰㛫యࡢᛂ⤒㊰ࡀࡳࡢぢฟࠊࢀࡉzwitterionic

ᆺ୰㛫యࡸ⎔≧୰㛫యࡿ⮳ᛂ⤒㊰ࡀぢฟ࡞ࢀࡉ

⣙ࡣάᛶ㞀ቨࠋࡓࡗ 41 kcal/mol࡛ࠊࡾ࠶┿✵୰

㸦⣙66kcal/mol㸧ẚ㍑࡚ࡋ㢧ⴭ࡞పୗࠊࡾ࡞┿✵୰

၀♧ࡀࡇࡿࡍ㐍行ᐜ᫆ࡀ࠺ࡢ፹୰⁐࡚ࡋẚ㍑

୰≦⎔imineᆺ┤㙐୰㛫యࠊࡣpath-C࡛ḟࠋࡿࢀࡉ

㛫యࢀࡒࢀࡑࡽฟ発࡚ࡋ⏕ᡂ≀ࡿ⮳ᛂ⤒㊰ࡀぢ

ฟࠊࡀࡓࢀࡉzwitterionicᆺ୰㛫యࡽฟ発ࡿࡍ⤒㊰

imineࠋࡓࡗ࡞ࢀࡉぢฟࡣ ᆺ┤㙐୰㛫యࡽฟ発ࡍ

㸦⣙ࡵࡓ࠸ࡁ大㢧ⴭࡣάᛶ㞀ቨࡢᛂ⤒㊰ࡿ 61

kcal/mol㸧ࠊᐇୖࡣ⎔≧୰㛫యࡽฟ発ࡿࡍ⤒㊰ࡀᨭ

㓄ࠊࡓࡲࠋࡿࢀࡽ࠼⪄ࡿ࠸࡚ࡋPath-B⤊ᚋ⏕ᡂ

imineᆺ┤㙐୰㛫యࡽzwitterionicᆺ୰㛫యࡓࡋ

⎔≧୰㛫య␗ᛶࡿࡍᛂ⤒㊰ࡀぢฟࡢࡇࠊࢀࡉ 2

ࡿࡍ㐍行ࡸ㏿ࡃ࡞ࡀάᛶ㞀ቨࡰࡣᛂࡢࡘ

᥎ᐃࠋࡿࢀࡉPath-D࡛ࠊࡣimineᆺ┤㙐୰㛫యࡽฟ

発ࡿࡍᛂ⤒㊰ࡀࡳࡢぢฟࠋࡓࢀࡉᛂࢇࡓࡗ࠸ࡣฟ

発≀࡛ࡿ࠶methylcarbamateethyleneoxide ࠼ࢆ

ࡿ stepwiseᶵᵓ࡛ࠊࡾ࠶methylcarbamate ethylene

carbonate ⣙ࢀࡒࢀࡑࡣάᛶ㞀ቨࠋࡿ࠼ࢆ 48

kcal/mol⣙ 47 kcal/mol⟬ฟࠋࡓࢀࡉᛂ⤒㊰

path-Bࠊࡣࢡࢵࢿࣝࢺ࣎ࡢ ࡃ࡞ࡣ࡛ path-D ࠊࡾ࡞

άᛶ㞀ቨࡶపୗࠊࡽࡇࡓࡋ⁐፹ຠᯝࡣᛂಁࢆ

㐍ࡿࡍ᥎ ࠋࡿࢀࡉ

ᅗ㸵 ┤㙐࣏ࣞ࢘ࣜタンࣔࣝࢹゐ፹ࡢᛂᶵᵓ㸦Ỉ୰㸧

㸰㸬㸰㸬㸰 ゐ፹ࣝࢹタン࣏ࣔࣞ࢘ࣜ≦⎔

ḟ࣏≦⎔ࠊ ࣞࣜ࢘ タンゐ፹ࢆ⏝ࡓࡋᛂ⤒㊰ࢆゎ

ᯒࠋࡓࡋ┿✵୰࡛ࡢᛂᶵᵓゎᯒࡢ⤖ᯝࡍ♧ࢆ㸦ᅗ㸶㸧ࠋ

Path-Bࠊ࡚࠸࠾⎔≧୰㛫యࡿ⮳ᛂ⤒㊰ࡀࡳࡢぢ

ฟࠊࢀࡉzwitterionicᆺ┤㙐୰㛫యࡸ imineᆺ┤㙐୰

㛫యࡢ⤒㊰ࡣぢฟࠋࡓࡗ࡞ࢀࡉPath-Cࠊpath-Dࡶ

ྠᵝ⎔≧୰㛫యࡿࡍ⏤⤒ࢆ⤒㊰ࡀࡳࡢぢฟࠋࡓࢀࡉ

ࣉンࢩ㠀ᖖࡣーࣝࣇࣟࣉయࡢᛂࠊ࡚ࡗࡀࡓࡋ

ࡣࢡࢵࢿࣝࢺ࣎ࡢᛂࠋࡿ࠶࡛ࣝ path-Bࠊࡾ࡞άᛶ

㞀ቨࡣ⣙ 73 kcal/molࠊࡾ࡞┤㙐࣏ࣞ࢘ࣜタンゐ

፹㸦66 kcal/mol㸧ࡶࡾࡼ㧗ࠋࡓࡗ࡞ࡃ

ᅗ㸶 ᛂᶵᵓ㸦Ẽ┦㸧ࡢゐ፹ࣝࢹタン࣏ࣔࣞ࢘ࣜ≦⎔
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ᅗ㸳 ┤㙐࣏ࣞ࢘ࣜタンࣔࣝࢹゐ፹ࡢᛂᶵᵓ㸦Ẽ┦㸧

ᅗ㸴 ┤㙐࣏ࣞ࢘ࣜタンࣔࣝࢹゐ፹ࡢኚ␗㸦⁐፹/┿✵㸧

ࡿ࠶࡛≀ฟ発ࡢpath-Cࠊࡾࡲࡘࠉ imineᆺ┤㙐୰㛫య

ࢀࡽᛂ㞀ቨ࡛㝸࡚ࡢ⣙4.6kcal/molࡣ୰㛫య≦⎔

࡚Ꮫᖹ⾮ࢆಖࠊࡶࡘࡘࡕ๓⪅ࡽᚋ⪅ࡢኚࢫࡀ

ムーࢫ⏕㉳ࠊ࡚ࡋpath-Cࡢᛂࡀ㐍行ࡿࡍ᥎ᐃࡉ

ࡿ࠶࡛≀ฟ発ࡢPath-Dࠋࡿࢀ imineᆺ┤㙐୰㛫యࠊࡣ

大࡞ࡁάᛶ㞀ቨ㸦⣙ 53 kcal/mol㸧᭱ࠊ࡚ࡋ⏤⤒ࢆ

⤊⏕ᡂ≀࡛ࣞࢳ࢚ࡿ࠶ン࢝ーࢿ࣎ーࢆࢺࠋࡿ࠼

ḟࠊỈࢆ௬ⓗ⁐፹࡚ࡋ⁐፹和ຠᯝࢆ⪃៖ࡓࡋ

ィ⟬ࢆ行ࡓࡗ㸦ᅗ㸵㸧ࠋ┿✵୰ࡢ大࡞ࡁ㐪ࠊࡣ࠸

zwitterionicᆺ୰㛫యࡢᛂࡢ㛵࡛ࠋࡿ࠶㧗࠸ศ

ᴟ⋡ࢆ᭷ࡿࡍ⁐፹୰࡛ࠊࡣzwitterionicᆺ㟁Ꮚᵓ㐀ࡀ

┦ᑐⓗᏳᐃ࡚ࢀࡉ⣔୰Ꮡᅾྍ⬟ࠋࡿ࡞path-B

imineࠊࡣ࡚࠸࠾ ᆺ㑄⛣≧ែࡿࡍ⏤⤒ࢆ imine ᆺ┤

㙐୰㛫యࡢᛂ⤒㊰ࡀࡳࡢぢฟࠊࢀࡉzwitterionic

ᆺ୰㛫యࡸ⎔≧୰㛫యࡿ⮳ᛂ⤒㊰ࡀぢฟ࡞ࢀࡉ

⣙ࡣάᛶ㞀ቨࠋࡓࡗ 41 kcal/mol࡛ࠊࡾ࠶┿✵୰

㸦⣙66kcal/mol㸧ẚ㍑࡚ࡋ㢧ⴭ࡞పୗࠊࡾ࡞┿✵୰

၀♧ࡀࡇࡿࡍ㐍行ᐜ᫆ࡀ࠺ࡢ፹୰⁐࡚ࡋẚ㍑

୰≦⎔imineᆺ┤㙐୰㛫యࠊࡣpath-C࡛ḟࠋࡿࢀࡉ

㛫యࢀࡒࢀࡑࡽฟ発࡚ࡋ⏕ᡂ≀ࡿ⮳ᛂ⤒㊰ࡀぢ

ฟࠊࡀࡓࢀࡉzwitterionicᆺ୰㛫యࡽฟ発ࡿࡍ⤒㊰

imineࠋࡓࡗ࡞ࢀࡉぢฟࡣ ᆺ┤㙐୰㛫యࡽฟ発ࡍ

㸦⣙ࡵࡓ࠸ࡁ大㢧ⴭࡣάᛶ㞀ቨࡢᛂ⤒㊰ࡿ 61

kcal/mol㸧ࠊᐇୖࡣ⎔≧୰㛫యࡽฟ発ࡿࡍ⤒㊰ࡀᨭ

㓄ࠊࡓࡲࠋࡿࢀࡽ࠼⪄ࡿ࠸࡚ࡋPath-B⤊ᚋ⏕ᡂ

imineᆺ┤㙐୰㛫యࡽzwitterionicᆺ୰㛫యࡓࡋ

⎔≧୰㛫య␗ᛶࡿࡍᛂ⤒㊰ࡀぢฟࡢࡇࠊࢀࡉ 2

ࡿࡍ㐍行ࡸ㏿ࡃ࡞ࡀάᛶ㞀ቨࡰࡣᛂࡢࡘ

᥎ᐃࠋࡿࢀࡉPath-D࡛ࠊࡣimineᆺ┤㙐୰㛫యࡽฟ

発ࡿࡍᛂ⤒㊰ࡀࡳࡢぢฟࠋࡓࢀࡉᛂࢇࡓࡗ࠸ࡣฟ

発≀࡛ࡿ࠶methylcarbamateethyleneoxide ࠼ࢆ

ࡿ stepwiseᶵᵓ࡛ࠊࡾ࠶methylcarbamate ethylene

carbonate ⣙ࢀࡒࢀࡑࡣάᛶ㞀ቨࠋࡿ࠼ࢆ 48

kcal/mol⣙ 47 kcal/mol⟬ฟࠋࡓࢀࡉᛂ⤒㊰

path-Bࠊࡣࢡࢵࢿࣝࢺ࣎ࡢ ࡃ࡞ࡣ࡛ path-D ࠊࡾ࡞

άᛶ㞀ቨࡶపୗࠊࡽࡇࡓࡋ⁐፹ຠᯝࡣᛂಁࢆ

㐍ࡿࡍ᥎ ࠋࡿࢀࡉ

ᅗ㸵 ┤㙐࣏ࣞ࢘ࣜタンࣔࣝࢹゐ፹ࡢᛂᶵᵓ㸦Ỉ୰㸧

㸰㸬㸰㸬㸰 ゐ፹ࣝࢹタン࣏ࣔࣞ࢘ࣜ≦⎔

ḟ࣏≦⎔ࠊ ࣞࣜ࢘ タンゐ፹ࢆ⏝ࡓࡋᛂ⤒㊰ࢆゎ

ᯒࠋࡓࡋ┿✵୰࡛ࡢᛂᶵᵓゎᯒࡢ⤖ᯝࡍ♧ࢆ㸦ᅗ㸶㸧ࠋ

Path-Bࠊ࡚࠸࠾⎔≧୰㛫యࡿ⮳ᛂ⤒㊰ࡀࡳࡢぢ

ฟࠊࢀࡉzwitterionicᆺ┤㙐୰㛫యࡸ imineᆺ┤㙐୰

㛫యࡢ⤒㊰ࡣぢฟࠋࡓࡗ࡞ࢀࡉPath-Cࠊpath-Dࡶ

ྠᵝ⎔≧୰㛫యࡿࡍ⏤⤒ࢆ⤒㊰ࡀࡳࡢぢฟࠋࡓࢀࡉ

ࣉンࢩ㠀ᖖࡣーࣝࣇࣟࣉయࡢᛂࠊ࡚ࡗࡀࡓࡋ

ࡣࢡࢵࢿࣝࢺ࣎ࡢᛂࠋࡿ࠶࡛ࣝ path-Bࠊࡾ࡞άᛶ

㞀ቨࡣ⣙ 73 kcal/molࠊࡾ࡞┤㙐࣏ࣞ࢘ࣜタンゐ

፹㸦66 kcal/mol㸧ࡶࡾࡼ㧗ࠋࡓࡗ࡞ࡃ

ᅗ㸶 ᛂᶵᵓ㸦Ẽ┦㸧ࡢゐ፹ࣝࢹタン࣏ࣔࣞ࢘ࣜ≦⎔

㸦ᅗࡓࡋᐇ行ࢆ⟭ィࡓࡋ៖⪄ࢆỈ࡚ࡋ፹⁐ࠊḟࠉ

㸷㸧ࠋᛂᶵᵓࡣ┿✵୰ྠᵝ࡛ࠊzwitterionicᆺ┤

㙐୰㛫యࡸ imineᆺ┤㙐୰㛫యࡣ㛵ࠊࡎࡏ⎔≧୰㛫

యࡀࡳࡢ㛵ࢩࡿࡍン࡞ࣝࣉᛂࡀࣝࣇࣟࣉᚓࡽ

ཎᅉࡿࡍ㜼ᐖࢆ㛵ࡢ୰㛫య℩┤ࡀーࣝᇶࣜࠋࡓࢀ

ࡿࡼඹ㬆ຠᯝࡢーࣝᇶࣜ(㸯)ࠊ࡚ࡋ imineᵓ㐀

ࡀᵓ㐀ࢡࣝࣂࡢーࣝᇶࣜ Ᏻᐃ (㸰)ࡢ imineᵓ

㐀ࡢ⁐፹ศᴟᏳᐃࢆ㜼ᐖࠋࡿࢀࡽ࠼⪄ࡀࡇࡿࡍ

ᛂࡣࢡࢵࢿࣝࢺ࣎ࡢ path-B ⣙ࡣάᛶ㞀ቨࠊࡾ࠶࡛

68 kcal/molࠊࡾ࡞┤㙐࣏ࣞ࢘ࣜタンゐ፹㸦41 kcal

/mol㸧ࡶࡾࡼ㢧ⴭ㧗ࡢࡇࠋࡓࡗ࡞ࡃィ⟬⤖ᯝࠊࡣ⎔

タンゐ፹࣏ࣞ࢘ࣜ㙐┤ࡣάᛶࡢタンゐ፹࣏ࣞ࢘ࣜ≦

ẚ㍑࡚ࡋ㢧ⴭపୗࡿࡍᐇ㦂ᐇࠋࡿࡍ⮴୍

ᅗ㸷 ᛂᶵᵓ㸦Ỉ୰㸧ࡢゐ፹ࣝࢹタン࣏ࣔࣞ࢘ࣜ≦⎔

㸱㸬⤖ゝ

㧗ኚຠ⋡࣭㧗ターンࡓ࠸⏝ࢆタンゐ፹࣏ࣞ࢘ࣜࠉ

ᛂࣝࢡࢧ࣑ࣜࣝ࢝ࢣ࠸῝⯆ࡓࡋ㐩ᡂࢆーࣂー࢜

ࢧ࣏࢚࢟CO2ࡣᙜヱᛂࠋࡓࡗ行ࢆ㔞ᏊᏛゎᯒࡢ

O2&ࠊ࠼ࢆㄏᑟయࢺーࢿ࣎ー࢝⎔㸳ဨࡽㄏᑟయࢻ

ࡢs᥎㐍*'6࡚ࡋ工業୰㛫యྜᡂᛂࡓࡋ※㈨ࢆ

ほⅬࡶࡽ㠀ᖖ⯆῝ࠋ࠸ᮏሗ࿌ࠊ࡚࠸࠾ᐇ㦂ⓗ

⁐ࠊ≉ࠊ࠸行ࢆᐜゎ᫂ࡢᛂᶵᵓࡓࡗ࠶࡛᫂

፹ຠᯝࡢ㔜せᛶࠊzwitterionicᆺ୰㛫యࡢᛂࡢ㛵

࣏ࣞ࢘ࣜࠊタンゐ፹ࡢάᛶࣜࡢーࣝᇶ᭷↓ࡢᙳ

㡪➼࡚࠸ࡘ㞟୰ⓗ࡞ゎᯒࢆ行ࡢࡑࠋࡓࡗ⤖ᯝࠊᐇ㦂

⤖ᯝࢆࡿࡅゎᯒ⤖ᯝࡀᚓࠊࢀࡽ㔞ᏊᏛィ⟬ࡢ᭷

ຠᛶࡀ☜ㄆࠋࡓࢀࡉᚋࠊ㔞ᏊᏛィ⟬ᶵᲔᏛ⩦᥈

⣴ࡢ୧㠃ࣟࣉࡢࡽーࢧ࣏࢚࢟✀ྛࠊࡋ⥆⥅ࢆࢳ

ࡍ㐺᭱ࢆศᏊタィࡢタンゐ፹࣏ࣞ࢘ࣜㄏᑟయࢻ

ࠋࡿ࠶࡛⏬ィࡿ

ㅰ㎡

ᐇ㦂ࡢᛂࣝࢡࢧ࣑ࣜࣝ࢝ࢣタンゐ፹࣏ࣞ࢘ࣜ

長崎大Ꮫ大Ꮫ㝔工ࡓ࠸ࡔࡓ࠸࡚ࡋᥦ౪࣭㆟ㄽࢆータࢹ

Ꮫ◊✲⛉ࡢᮏ⏫༟ຓᩍឤㅰࠋࡿࡍᮏ◊✲୍ࡢ㒊ࠊࡣ

⮬↛⛉Ꮫ◊✲ᶵᵓィ⟬⛉Ꮫ◊✲センターࢫࡢーࣃーࢥ

ンࣗࣆーターࢸࢫࢩムࠕNEC LX 㧗⢭ᗘศᏊ࣑ࣞࣗࢩー

ターࠖࢆ⏝࡚ࡋᐇ行ࠋࡓࢀࡉ
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