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Ac acetyl 

Ad 1-adamantyl 

Bu butyl 

Bz benzyl 

C. L. carbonate linkage 

Ci (cinnamoyloxy)methyl 

Cy cyclohexyl 

DMAP 4,4-dimethylaminopyridine 

DP degree of polymerization 

EBH epibromohydrin 

EC ethylene carbonate 

ECH epichlorohydrin 

EO ethylene oxide 

Et ethyl 
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Me methyl 

Mn number average molecular weight 

Mw weight average molecular weight 

NB 2-norbornyl 

PO propylene oxide 

PPC poly(propylene carbonate) 

Ph phenyl 
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TPP 5,10,15,20-tetraphenylporphyrin 

Tg glass transition temperature 
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conv. conversion 

rac racemic 

salcy N,N’-bis(3,5-di-tert-butylsalicylidene)-1,2-diaminocyclohexane 
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I 1 G #Z 

 

�ǿȫȨȣȦ¿ǗȪŖıɂoȷȠȸȫʆĔȉȪ^ȽƉȶȐƤɁȿȦȋȾʇȞȭȻȌȪ^ȽƉȶȭȌ

ȢʆzœĹôSȫ�¾țȾȹȭȫĢ+�RĈƉĂƁȐȊȾʇĢ+�RĈƉĂƁȭ�ǚƼ�÷ȧ

ȮĹ�PćɌɗȭEĸšĕȐ�ȸȼȿȦȋȾʇzœĹôSȫȎȕȾ�ǜSŃƄʄCO2ʅȭ��ȭ�

ȑȘȫȤȋȦʆ��ĔȉȪÅƪȐȊȾȐʆCO2 EĸȭȠȸȭ8"şȪ^ȽƉȶȐțȧȫƤɁȿȦȋ

ȾʇșȏșȞȭEĸšĕȭǔÈȫȮůǖȋŎĭȧȊȾʇ 

CO2ȭ	ȪŝŖļȮz�ȏȼÔEȘȿȠŦĬʂŦŃʂ�ņɌɗŹȭSŦƿļȭŊŇȧȊȾʇSŦ

ƿļȮɉɦɾɎʃļȨșȦ$ŘȘȿȾ��ȫȹʆS�§đȭYãȫŘȋȼȿʆĔȉȪƨlȐŖŗȘ

ȿȦȋȾʇSŦƿļɂÔȽ=șʆBŘșʄɉɦɾɎʃȺ§đYãʅʆ°ĎʄŇWʅțȾȖȨȧ CO2 ȮÓ

=ȘȿȦȋȾʇŇWȫȻȽÓ=ȘȿȠ CO2ɂ:ȰYãȨșȦ$ŘțȾȖȨȧ CO2ȭÓ=ǠEĸȫ^Ƚ

ƉȷȖȨȐØčȘȿȦȋȾ 1ʇ 

úĘcÈS�ȫȎȋȦ CO2 Ȯ:BŘaƖȪ C1 ļȨșȦƑȍȼȿȦȋȾ 2ʇCO2 ȏȼ»ȼȿȾŖ

ÈŌȫȮɋɾɲʁǜʆɉɗɠɾʆɋɾɲɤʃɢʆ¢ƄʆɷɜɧʃɾȪȩȐȊȾʇY�PőȭƭńȧȮʆ

ŖÈŌȫ–COO–ƊcȐgȵȿȾɋɾɲʁǜʆɉɗɠɾʆɋɾɲɤʃɢȭcÈȐúŠȧȊȾʇȅ>�

cÈȧȮʆ1969 ­ȫ��ȼȮʆCO2 Ȩɉɳɍɕɣȭ��7ǞcȫȻȽƗƔèɳɽɋɾɲɤʃɢȐcÈ

ȘȿȾȖȨɂ�ișȠʄFigure 1-1ʅ3ʇȖȭ�iȧȮʆEt2Zn–H2O ɂƯ�ȨșȦʆɮʀɫɿʁɊɍɕɣ

ʄPOʅʆɉɫɏʀʀɪɣɽʁʄECHʅʆɗɞɿʁɊɍɕɣɂɓɸɧɴʃȫ$ŘșȦɳɽɋɾɲɤʃɢɂcÈș

ȠʇȖȭ�i�ăʆCO2 Ȩɉɳɍɕɣȭ��7ǞcɂƯ�țȾǡ£Ǥ"
4 ȺɓɸɧɴʃȫȪȾɉɳɍ

ɕɣ 5ȭŧŲȐ�iȘȿȦȋȾʇ 

 

Figure 1-1. Copolymerization of CO2 and epoxide. 
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Ȗȭ��7ǞcɂƯ�țȾǡ£Ǥ"ȨșȦʆĔȉȪ�ǢǤ"Ȑ�iȘȿȦȋȾʇø@ȫ�iȘȿ

Ƞ Et2Zn–H2O ƀȭ�ȫʆ�ǢɬɈɧɍɕɣǤ"ʆ�Ǣb-ɖɆɵɤʃɢǤ"ʆ�Ǣɕɟɬ�~Ǥ"Ȫȩ

ȐȖȭ7Ǟc\¾ȫúPȧȊȾȖȨȐ�iȘȿȦȋȾʇȖȿȼȭǤ"Ȯ CO2 Ȩȭ��7ǞcɂƯ�

șʆ>�Ǡ>©ȭŐȋɓɳɽɴʃɂŖÈțȾʇșȏșʆ�ǢǤ"ɂcÈțȾȠȸȭ=ŝYãȫȅ'

ȧ^ȽËȋȭǵșȋɖɉɞɾ�Ǣɂ½ƩȨțȾȠȸʆ�ȭ�ǢScŌɂƯ�ȫŘȋȾŧŲȐƤɁȿ

ȦȑȠʇRee ȼȮǜS�ǢȨɐɾɜɾǜȏȼɐɾɜɾǜ�ǢɂcÈșʆCO2 Ȩ PO ȭ��7Ǟcȫ$

ŘșȠ 4iʇȞȭƊćʆ>�Ǡ>©ʄMw/MnʅȮ®ȋȹȭȭʆǞǠ¬{>�ǠʄMwʅȭ�ȑȋɳɽʄɮʀɫ

ɿʁɋɾɲɤʃɢʅʄPPCʅɂcÈșȠʄMw = 343000ʆMw/Mn = 2.4ʅʇȖȭȻȌȫʆǜS�ǢȨɖɋɾɲ

ʁǜȭ\¾Ōȹ��7ǞcȭƯ�ȨșȦúPȧȊȾʇ 

ȵȠʆɓɩɾɢǤ"ȹ CO2 Ȩɉɳɍɕɣȭ��7ǞcȫúPȪǤ"ȧȊȾʇ1979 ­ʆħřȼȮʆı

ÀȮ!ȋȹȭȭʆCo(OAc)2 Ȑ CO2 Ȩ PO ȭ��7ǞcɂƯ�țȾȖȨɂ�ișȠ 4lʇȞȭ¹ʆ2003

­ȫ Coates ȼȫȻȽɓɩɾɢɔɿʁǤ"ȐȅȋıÀȧ��7ǞcɂƯ�țȾȖȨɂ�ișȠ 4mʇĀ

ÿŧŲ�ȧȮɓɩɾɢɳɾɬɅɽʁǤ"Ȑ CO2 Ȩɉɳɍɕɣȭ��7ǞcɂƯ�țȾȖȨɂ�ișȠ

4nʇʄTPPʅCoCl Ǥ"ʄFigure 1-2ʅȮcÈȐ�îȧȊȽʆIŖÈŌȧȊȾŕŎɋɾɲɤʃɢȭŖÈȐ

 Ȫȓʆ>�Ǡ>©ȭŐȋɳɽɋɾɲɤʃɢɂcÈaƖȪǤ"ȧȊȾʇ 

 

Figure 1-2. Metal complexes. 
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ɓɸɧɴʃȨșȦĔȉȪþŶȎȻȰ9ǙɉɳɍɕɣȐŘȋȼȿȦȑȠʄFigure 1-3ʅ5ʇɉɳɍɕɣȭ

.ǥȭŰǿȫ¾ȚȦʆŖÈɓɳɽɴʃȭŌÀȐŜȪȾʇøȹ~ÿşɉɳɍɕɣȧȊȾɉɞɿʁɊɍɕ

ɣȨȭ7ǞcȫȻȽ»ȼȿȾɳɽʄɉɞɿʁɋɾɲɤʃɢʅȮʆŖÈɓɳɽɴʃȭǞǠĠȫșȦ 50%Ȑ

CO2 ŚăȧȊȽʆȅ>�ǷƮǀȨșȦBŘȘȿȦȋȾ
5aʇ50%ȭǞǠȐ CO2 ŚăȧȊȾȖȨȮʆCO2

ȭúPBŘȨșȦ1ȿȦȋȾȐʆYãȭɉɞɿʁɊɍɕɣȮúğȪɌɗʄbp = 10.7 ºCʅȧȊȾȠȸ^Ƚ

ËȋȫȓȋʇɉɞɿʁɊɍɕɣȭęȫUƂȪɉɳɍɕɣȫ PO ȐȊȾʇPO Ȩȭ��7ǞcȧŖÈțȾ

PPC ȮʆŖÈɓɳɽɴʃȭǞǠĠȫșȦ 43%Ȑ CO2ŚăȧȊȾʇCO2 Ȩ PO ȭ7ǞcȫȤȋȦȮà

�ȓȭŧŲȐȊȽʆPPCȮțȧȫ§đşȫŖŗȘȿȦȋȾʇȞȭ�ȭþŶɉɳɍɕɣȨ CO2ȭ��7

Ǟc"ȭ%ȨșȦʆɉɳɍɕɣȭ.ǥȭŢǥɄɾɍɾǥȐǦȓȪȾȫȤȿȦɓɳɽɴʃȭ Tg Ȯ!ȓȪ

Ⱦ 5bʇ.ǥȫɉʃɠɾǥɂ�5șȠɓɳɽɴʃȮȅ>�ǷƮǀȨșȦBŘȘȿȦȋȾ 5cʇ.ǥȫ\¾

À~ɂ�5șȠ CO2 ŚăɳɽɋɾɲɤʃɢȮʆƋȓȅ>�\¾ȫȻȽƬģÀ~ɂ�5șʆ�å�À

ȅ>�ȭcÈȺ 5dʆĉėȅ>�ȱ�ÙțȾŧŲȐƤɁȿȦȋȾ 5e–gʇECH Ȩȭ7Ǟc"ȮƊòÀ

ɂúțȾȖȨȐ�iȘȿȠ 5h,iʇ.ǥȫƝȁèÀ~ɂúțȾɗɞɿʁɊɍɕɣȨȭ7ǞcȹaƖȧȊȾ

5jʇȖȭȻȌȫʆĔȉȪþŶɉɳɍɕɣȨ CO2 Ȩȭ��7Ǟc"ȐcÈȧȑʆšşȫcɁȝȠ.ǥɂ

�5țȾȖȨȧʆĔȉȪŌÀȭ CO2ŚăɳɽɋɾɲɤʃɢȐcÈaƖȧȊȾʇ 

 

Figure 1-3. Terminal and internal epoxides. 
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9ǙɉɳɍɕɣȨșȦȮʆɕɏʀɯɍəʁɊɍɕɣȨȭ��7Ǟc"ȭcÈȐøȹŧŲȘȿȦȋȾʇ

ɕɏʀɯɍəʁɊɍɕɣȮGŢȪȄČȧȊȾȠȸʆȞȭɓɳɽɴʃȭ TgȮ PPC ȻȽȅȋ 5kʇȵȠʆ2-ɭ

ɠʁɊɍɕɣȺɕɏʀɰʁɠʁɊɍɕɣȨȭ7Ǟc"ȹcÈȘȿȦȋȾ 5lʇ.ǥȫɪɣʀɍɕ~ɂ�5ț

ȾȠȸȫ 4,4-dimethyl-3,5,8-trioxa-bicyclo[5.1.0]octane Ȩȭ7Ǟc"ȹcÈȘȿȠ 5mʇøǊȧȮʆ

:ŖaƖƿļȨșȦɽɸɦʁȐİšȘȿȦȋȾʇɽɸɦʁȏȼcÈȘȿȾɽɸɦʁɊɍɕɣȨȭ7Ǟc

"ȹ�iȘȿȦȋȾ 5n–qʇȞȭ�æʆɧɾɲɾɦʁɊɍɕɣȺa-ɫɦʁɊɍɕɣȨȭ7Ǟc"Ȯ�iȘ

ȿȦȋȪȋʇȖȿȼȭ
�Ȯʆ9ǙɉɳɍɕɣȻȽȹþŶɉɳɍɕɣȭæȐšşȫcɁȝȠ.ǥɂú

țȾ7Ǟc"ɂcÈșȺțȋȖȨɂÅjțȾʇȞȖȧÿƹáȧȮʆɓɸɧɴʃȨșȦþŶɉɳɍɕɣɂ

ŘȋȦĔȉȪŌÀɂúțȾ CO2ŚăɳɽɋɾɲɤʃɢȭcÈɂƤȣȠʇÿƹáȭŷ 2 ŵȧȮȅȋɌ

ɼɗǅŮĹ¯ɂúțȾ CO2 ŚăɳɽɋɾɲɤʃɢȭcÈɂʆŷ 3 ŵȧȮɆɊʁÀ~ɂúțȾ CO2 Ś

ăɳɽɋɾɲɤʃɢɂcÈțȾȠȸȫʆCO2 Ȩɉɫɨʀɪɣɽʁȭ��7Ǟcɂʆŷ 4 ŵȧȮɕʁɤɸ

Ɇɾ~ɂ�5șȠɳɽʄɮʀɫɿʁɋɾɲɤʃɢʅȭcÈȨ4\¾ȫȻȾĉėȫȤȋȦ�ițȾʇ 
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I 2 G fj~��\F:$w0lu CO2A4��}��� �q�) 

 

I1J� OV  

ȅ>�āãȭō¼ȭ�ȤȫɌɼɗǅŮĹ¯ʄTgʅȐȊȾʇCO2 Ȩ PO ȭ��7Ǟc"ȧȊȾ PPC

ȭ Tgȫ·ǻɂ[ȴț>�Ǡ
6ʆ>�Ǡ>©ʆŴ"ƫDÀ 7ʆ ƐƫDÀ 8ʆɢɳʀɖʃȭPć 9ȐƸ

ȲȼȿȦȑȠʇ>�ǠȐ�ȑȓʆ>�Ǡ>©ȐŐȓʆŴ"ƫDÀȺ ƐƫDÀɂ×ȍȾȨȅ>�ā

ãȭ TgȮȅȓȪȾʇ2011 ­ȫ Lu ȼȮʆà¬{>�ǠʄMnʅȐ 98700ʆ>�Ǡ>©ʄMw/MnʅȐ 1.1ʆ

isotactic ȧʆǾ¡ƊcȐ 100%ȭ PPC ɂcÈșʆȞȭ TgȐ 47 ºC ȧȊȾȖȨɂ�ișȠʇȖȭƊćȏ

ȼʆPPC ȭ TgȮ 50 ºC ɂǄȍȪȋȨ�ÄȧȑȾʇȖȭō¼ȭȠȸ PPC ɂÈ¶āãȨșȦ$ŘțȾȖȨ

ȮǵșȋʇȞȖȧʆPPC ȻȽȅȋ Tgȭ CO2ŚăɳɽɋɾɲɤʃɢȭcÈȐŧŲȘȿȦȋȾʇ 

�ƛşȫʆɳɽɴʃ.ǥȫGŢȧ¦ȅȋƐÙ~ɂ�5țȾȨʆȻȽȅȋ TgȭɳɽɴʃȐ»ȼȿȾȖ

ȨȐŤȼȿȦȋȾ 10ʇ�ȵȧȫʆCO2 Śăɳɽɋɾɲɤʃɢȭ.ǥȫȞȭȻȌȪƐÙ~ɂ�5șȠ%Ȩ

șȦʆɕɏʀɯɍəʁɊɍɕɣ 5kʆɆʁɡʁɊɍɕɣ 5rʆɽɸɦʁɊɍɕɣ 5n Ȩȭ7Ǟc"ȪȩȐȊȾ

ʄFigure 2-1ʅʇøǊʆKleij ȼȮɳɽʄɽɸɦʁʅɖɋɾɲɤʃɢȭ TgȐ 180 ºC ȫƙȾȖȨɂ�ișȠ 5qʇ

Ȗȭ,ȮʆCO2Śăɳɽɋɾɲɤʃɢȭ�ȧøȹȅȋ,ȧȊȾʇȖȭȻȌȫʆCO2Ȩ9Ǚɉɳɍɕɣȭ�

�7Ǟc"ȭ TgȮ PPC ȻȽȅȋȐʆ�ƛşȫʆCO2Ȩ9Ǚɉɳɍɕɣȭ\¾ÀȮ!ȋʇșȠȐȣȦʆ

CO2 Ȩȭ��7Ǟc"ȭcÈȫCǬȐȊȾʇ 

�ňşȫʆþŶɉɳɍɕɣȮ9ǙɉɳɍɕɣȻȽ\¾ÀȐȅȓʆĔȉȪþŶɉɳɍɕɣȐ CO2 Ȩȭ

7Ǟcȫ$ŘȘȿȦȑȠʇ%ȍȯʆ¦ȅȋɄɾɍɾ~ȧȊȾ tert-ɭɞɾʄtBuʅ~Ⱥɕɏʀɯɍɕɾ

ʄCyʅ~ɂ.ǥȫúțȾɉɳɍɕɣȨȭ7Ǟc"ȐcÈȘȿʆȞȿȼȭ TgȮ PPC ȻȽȅȋȖȨȐ�i

ȘȿȦȋȾʄFigure 2-2ʅ11ʇȞȖȧʆþŶɉɳɍɕɣȭ.ǥȫȻȽ¦ȅȓGŢȪƐÙ~ɂ�5țȾȖȨ

ȧʆȻȽ Tgȭȅȋ CO2 ŚăɳɽɋɾɲɤʃɢɂcÈȧȑȾȨƑȍȠʇɉɳɍɕɣȭ.ǥȨșȦ 2-ɧɾɲ

ɾɥɾʄNBʅ~Ⱥ 1-ɄɝɴʁɞɾʄAdʅ~ɂ�5șȠ7Ǟc"ɂcÈșʆȞȭ Tg ɂĺ�țȾȖȨȫș

ȠʄFigure 2-3ʅʇ 
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Figure 2-1. Copolymers of CO2 and internal epoxides and those Tgs. 

 

 

Figure 2-2. Copolymers of CO2 and terminal epoxides and their Tgs. 

 

 

Figure 2-3. Copolymers of CO2 and epoxides having rigid and bulky side chains. 
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I 2 J  M5oP�  

2-3-1 CO2o�En fj�cw0lu|����q���`�  

Ǟc¯ȭǊȋɓɳɽɴʃȭ Tg ɂĠǇțȾȠȸȫʆNB ~Ⱥ Ad ~ȭ�ȫɷɞɾʄMeʅʆCyʆ tBu ~

ɂ.ǥȫúțȾɉɳɍɕɣȨȭ7Ǟc"ɂcÈșȠʄFigure 2-4ʅʇCO2 Ȩɉɳɍɕɣȭ��7ǞcȮʆ

ɗɠʁɿɗƨɊʃɢɏɿʃɭʄ�ű 150 mLʅȫ(TPP)CoCl ɂ 0.05 mmol ʆɓɩɾɢ 1 µǠȫ�șȦO

Ư�ȧȊȾ 4,4-ɖɷɞɾɄɵɧɫɽɖʁʄDMAPʅɂ 0.75 µǠʄFigure 2-5ʅʆɉɳɍɕɣɂ 500 µǠN

ȍʆľ�ȫ CH2Cl2 ɂ$ŘșʆCO2 x 5.0 MPaʆ40 ºC ȫƳ�șȠɊɆɾɩɗ�ȧȎȖȪȣȠȈȖȭ\

¾ȧȮʆûȶȭɳɽɋɾɲɤʃɢȭ�ȫʄFigure 2-6ʄAʅʅʆCO2 ȨɉɳɍɕɣȐ 1 �ʈȧ\¾șȠŕŎ

ɋɾɲɤʃɢʄFigure 2-6ʄCʅʅʆCO2 ȐÑ5ȘȿȜɉɳɍɕɣȐǐƋșȦ\¾șȠɉʃɠɾƊc

ʄFigure 2-6ʄDʅʅȐŖȚȾaƖÀȐȊȾʇ 

 

 

Figure 2-4. Copolymerization of CO2 and epoxides having rigid and bulky side chains. 

 

 

 

Figure 2-5. (TPP)CoCl/DMAP catalytic system. 
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Figure 2-6. The reaction mechanism of copolymerization of CO2 and PO (A) initiation 

reaction from axial ligand; (B) initiation reaction from H2O; (C) production of cyclic carbonate; 

(D) production of ether linkage. 

 

ȵȜʆCO2 Ȩ PO ɂɊʃɢɏɿʃɭ�ȧ 2 êǨ\¾ȘȝȠȭȢʆ\¾ƀȭƉÈɂ 1H NMR Ȩ IR ȧ

ƸȲȠʄTable 2-1, run 1ʅʇ1H NMRʄFigure 2-8 (A)ʅȭ POʆɮʀɫɿʁɋɾɲɤʃɢʆPPC ȭaģƄ

ʄ3.00 ppmʆ4.85 ppmʆ5.01 ppmʅȫŚățȾɕɐɤɾȭű>Ġȏȼ PO ȭǅSőʄconv.ʅȮ 74%ȧ

ȊȾȨź=șȠ 12ʇIR ɗɰɏɢɾʄFigure 2-7 (A)ʅȫȮ 1799 cm–1 Ȩ 1748 cm–1ȫh]ȐȊȣȠʇȞȿ

ȟȿŕŎɋɾɲɤʃɢȨɳɽɋɾɲɤʃɢȭɋɾɲɥɾ�ƏÐRȫŚățȾh]ȧȊȾʇɒɾĴǍɏ

ʀɴɢɐɼɬɅʃʄGel Permeation Chromatography: GPCʅȭɏʀɴɢɐɼɶȏȼź=șȠ MnȮ 18800 g 

mol–1ʄǞc¯ʄDPʅ = 184ʅʆMw/Mn Ȯ 1.21 ȧȊȽʆȖȿȼȭƊćȮǓZȭ�iȨĠǇșȦ�µȧȊ

Ⱦ 4nʇɕɏʀɯɍɕɾɉɞɿʁɊɍɕɣʄCyEOʅȵȠȮ exo-NBEO Ȩȭ7Ǟc\¾Ȯ\¾ïǨ 5 êǨ

ȧȞȿȟȿǅSő 72%, 78%ȧȊȽʆMn = 26400ʄDP = 155ʅʆ25900 (DP = 142)ȭ7Ǟc"Ȑ»ȼ

ȿȠʄTable 2-1, run 2, 4ʅʇ tBuEO Ȩ AdEO Ȩȭ7ǞcȧȮ\¾ïǨ 15 êǨȎȻȰ 10 êǨȨïǨ

ȮȏȏȾȹȭȭʆǅSő 69%Ȩ 76%ȧʆMn = 32800ʄDP = 228ʅʆ9600ʄDP = 43ʅȭ7Ǟc"Ȑ»ȼ

ȿȠʄTable 2-1ʆrun 3ʆ5ʅʇ�r$ŘșȠ6ȦȭɉɳɍɕɣȫȎȋȦʆǅSőȐƁ 70%ȫƙȾ�Ǌȧ

ɉɳɍɕɣȭĵƾȐȳȨɃȩȘȿȪȓȪȣȠʇȞȭŔŚȮʆɳɽɴʃȭŖÈȫ�ȋʆ\¾ƀȭĲRÀ

Ȑ�ɁȿȾȠȸʆ\¾ƀ�ȱȭ CO2ȭ^ȽǉȶȐtǵȫȪȽʆ7Ǟc\¾ȐǑȵȪȓȪȾȠȸȧȊȾ

ȨƑȍȼȿȾʇ 
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\¾ƀ�ȭɳɽɋɾɲɤʃɢȨŕŎɋɾɲɤʃɢȭŖÈɂŨƶțȾȠȸȫ IR ɗɰɏɢɾĺ�ɂȎȖ

ȪȣȠʄFigure 2-7ʅʇCyEO Ȩȭ7ǞcȧȮ 1805ʆ1748 cm–1ȫʆexo-NBEO Ȩȭ7ǞcȧȮ 1809ʆ

1747 cm–1ȫ³ȋh]Ȩ´ȋh]ȐƭĺȘȿȠʇȖȿȼȮ PO Ȩȭ7Ǟcȭ�cȨdĔȫʆȞȿȟȿ

ŕŎɋɾɲɤʃɢȨɳɽɋɾɲɤʃɢȭɋɾɲɥɾ�ƏÐRȫŚățȾh]ȧȊȾʇ�æʆ tBuEO Ȩ

ȭ7Ǟcȭ\¾ƀȭ IR ɗɰɏɢɾȫȮɳɽɋɾɲɤʃɢȫŚățȾ 1749 cm–1ȭh]ȮƭĺȘȿȾ

ȐʆŕŎɋɾɲɤʃɢȫŚățȾ 1800 cm–1�Ǌȭh]ȮƭĺȘȿȪȏȣȠʄFigure 2-7 (C)ʅʇdȚ

ȻȌȫʆAdEO Ȩȭ7Ǟcȭ�cȹ 1749 cm–1ȫ´ȋh]ȮƭĺȘȿȾȐʆ1812 cm–1ȭh]ȮĒȸ

Ȧ³ȋȹȭȧȊȣȠʄFigure 2-7 (E)ʅʇ\¾ƀ�ȧŕŎɋɾɲɤʃɢȐŖÈțȾYsȮʆÈǦɳɽɴ

ʃþŶȏȼȭɩɟɏɩɆɠɅʁɐ\¾ȫȻȾȨ�iȘȿȦȋȾʄFigure 2-6ʆʄCʅʅʇ tBuEO Ⱥ AdEO ȭ

ȻȌȫ¦ȅȋƐÙ~ɂ�5țȾȨʆȞȭŴ"Ǳ�ȫȻȽÈǦɳɽɴʃþŶȏȼȭɩɟɏɩɆɠɅʁɐ\

¾ȐǪ�ȘȿȾȠȸʆƀ�ȧŕŎɋɾɲɤʃɢȐŖȚȫȓȋȭȧȊɀȌʇPOʆCyEOʆexo-NBEO ȭ�

cʆ71–78%ȭǅSőȧǞc¯Ȯ 142 ȏȼ 184 ȭǨȧȊȣȠʇǞc¯ȐŔƹ,Ȩ�ƚșȪȋȭȮʆ

ǧ�HȨșȦǆǛ ���ȫʆǤ"�ȫgȵȿȾģȐ��ƖÀȭǧ�HȨȪȾȠȸȧȊȾȨƑȍȼ

ȿȾ 4nʇ  

CyEOʆ tBuEOʆexo-NBEO ɂɓɸɧɴʃȫŘȋȾȨʆǞc¯ȮȞȿȟȿ 155ʄMn = 26400ʆMw/Mn = 

1.24ʅʆ228ʄMn = 32800ʆMw/Mn = 1.17ʅʆ142ʄMn = 25900ʆMw/Mn = 1.20ʅȧȊȣȠʇdȚ(TPP)CoCl

ȫȻȽcÈȘȿȠ PPC ȭǞc¯Ȑ 184 ȧȊȣȠȖȨȨĠǇțȾȨʆCyEO Ȩ exo-NBEO ȭǞc¯Ȯ�

µȧȊȾȨȋȍȾʇ�æʆǅSőȐȳȴŹșȋȫȹȏȏɁȼȜ tBuEO ȭǞc¯Ȯ�ȑȋʇȞȭYs

Ȯʆ�ǋșȠȻȌȫʆ tBuEO Ȯ\¾ƀ�ȧŕŎɋɾɲɤʃɢȐŖȚȫȓȋȠȸʆ\¾�ȫĵƾȘȿȠ

6ȦȭɉɳɍɕɣȐ6Ȧɳɽɋɾɲɤʃɢȫ�ÙȘȿȾȠȸȧȊȾʇ tBuEO ȨdĔȫʆAdEO Ȩȭ7Ǟ

cȹǅSőȐ 75.6%ȭȨȑȫŕŎɋɾɲɤʃɢȮȳȨɃȩŖÈȘȿȦȋȪȋʄFigure 2-7ʄEʅʅʇȞȿȫ

ȹȏȏɁȼȜʆ»ȼȿȠ CO2 Ȩ AdEO ȭ7Ǟc"ȭǞc¯Ȯ�ȘȏȣȠʄTable 2-1ʆrun 5ʆMn = 

9600ʆDP = 43ʆMw/Mn = 1.39ʅʇGPC ĺ�ȧȮʆľǀ>�ɂĲ"L�"űȧ>ǴșȦȋȾȠȸʆ

PAdEC ȭ MnȮ�ǰȭ,ȻȽ�ȘȓƪűȹȼȿȦȋȾȭȏȹșȿȪȋʇ 
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Table 2-1. Copolymerization of CO2 and epoxides catalyzed by (TPP)CoCl/DMAP catalytic 

system. a 

run epoxide 
time 

(days) 

conv.b 

(%) 

Mn
c 

(g moli1) 
DPc Mw/Mn

c 

1 PO 2 74 18800 184 1.21 

2 CyEO 5 72 26400 155 1.24 

3 tBuEO 15 69 32800 228 1.17 

4 exo-NBEO 5 78 25900 142 1.20 

5 AdEO 10 76 9600 43 1.39 

(a) (TPP)CoCl = 0.05 mmol, [epoxide]:[Co]:[DMAP] = 500:1:0.75, CO2 = 5.0 MPa, solvent = 

CH2Cl2, temperature = 40 °C; (b) Estimated from 1H NMR spectra; (c) Estimated by GPC on 

the basis of polystyrene standards, eluent: THF, RI detector. 

 

 

  



 11 

 
Figure 2-7. IR spectra of reaction mixtures of CO2 and (A) PO, (B) CyEO, (C) tBuEO, (D) 

exo-NBEO, (E) AdEO ¡NaCl plate, cast film¢. 
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Figure 2-8. 1H NMR spectra of reaction mixtures of CO2 and (A) PO, (B) CyEO, (C) tBuEO, 

(D) exo-NBEO, (E) AdEO (in CDCl3). 
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2-3-2 �`��q���7^o Tg 

CO2 Ȩɉɳɍɕɣȭ��7ǞcȫȻȽ»ȼȿȠŖÈŌɂɏʀʀɱɾɶȫľƮȘȝʆɷɜɧʃɾ�ȧ:

ĩĞȘȝȾȖȨȧſƨșȠʇCO2 Ȩɉɳɍɕɣȭ��7Ǟc\¾ȧȮʆCO2 ȐÑ5ȘȿȜɉɳɍɕɣ

ȐǐƋșȦǧŕÑ5țȾȨɉʃɠɾƊcȐŖȚȾʄFigure 2-6ʄDʅʅʇŖÈŌȫɉʃɠɾƊcȐgȵ

ȿȾȨ 1H NMR ɗɰɏɢɾȭ 3.0–3.5ppm ȭŻuȫɕɐɤɾȐŒȿȾ 13ʇșȏșʆ�r$ŘșȠɉɳɍ

ɕɣȨ CO2ȭ��7ǞcȭŖÈɓɳɽɴʃȭ
1H NMR ɗɰɏɢɾȫȎȋȦʆȞȭȻȌȪɕɐɤɾȮȳȨ

ɃȩȪȋʄFigure 2-10ʅʇºȣȦʆ»ȼȿȠɓɳɽɴʃȫȮʆɉɳɍɕɣȐǐƋşȫǧŕÑ5șȠȖȨȧ

ŖȚȾɉʃɠɾƊcȐȳȨɃȩȪȋȖȨɂÅjțȾʇȖȭƊćȮʆɳɽɴʃ	ǥ�ȭɋɾɲɤʃɢƊc

ȭKcʄCarbonate Linkage: C. L.ʅȐ 99%ȫǔțȾȖȨɂÅjțȾʄTable 2-2ʅʇ 

þŶɉɳɍɕɣȭǧŕ\¾ȧȮʆaǧƦȵȠȮbǧƦȐŖȚȾʄFigure 2-9ʄAʅʅʇPO Ȩȭ7Ǟcȭ

�cʆaǧƦȵȠȮbǧƦȐǐƋșȦŖȚȾȨǾ¡ƊcʄHead-to-tail: H-TʅȐŖÈțȾʄFigure 2-9

ʄBʅʅʇșȏșʆaǧƦȨbǧƦȐ��ȫŖȚȾȨʆǾǾƊcʄHead-to-Head: H-HʅȵȠȮ¡¡Ɗc

ʄTail-to-Tail: T-TʅȐŖÈțȾʄFigure 2-9ʄBʅʅʇPO ȭ�cʆɷɞɾ~ȐǷ�&�ÀȧȊȽʆȞȭŴ

"Ǳ�ȫȻȽbǧƦȐ13şȫŖȚȾʇɓɳɽɴʃ�ȭ H-T ȭKcȮʆ13C NMR ɗɰɏɢɾȭɋɾɲ

ɥɾŃƄȭǽ}ȫƭĺȘȿȾʆH-TʆH-HʆT-T ȭɕɐɤɾȭű>ĠȏȼȏȼƱźȧȑȾ 14ʇɋɾɲɥ

ɾŃƄȭű>Ġȏȼ PPC ȭ H-T ȭKcȮ 89%ȧȊȾȨź=șȠʄFigure 2-11ʄaʅʅʇȞȭ�æʆ�ȭ

7Ǟc"ȭ H-T ȭKcȮȳȴ 100%ȧȊȣȠ(Figure 2-11ʄb–eʅ)ʇɉɳɍɕɣȭa ȫƊcțȾɄɾ

ɍɾ~ȭ¦ȅȘȨǷ�&�ÀȫȻȽʆǞc\¾ȫȎȋȦɉɳɍɕŕȭbǧƦȐ13şȫǑƤșȠȠ

ȸʆH-T ȭKcȐȳȴ 100%ȫȪȣȠȭȧȊɀȌʇ 

 

Figure 2-9. (A) a and b cleavage of PO; (B) Regioregularity of PPC. 
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ſƨ¹ȭɓɳɽɴʃȭ GPC ɏʀɴɢɐɼɶɂ Figure 2-12 ȫũțʇMeʆCyʆNB ~ɂ.ǥȫúțȾ

ɓɳɽɴʃȭɏʀɴɢɐɼɶȮ�¥ÀȧȊȽʆȅ>�Ǡ.Ȩ!>�Ǡ.ȭǺűȮȳȴŹșȋʄFigure 

2-12ʄaʅʄbʅʄdʅʅʇFǋșȠȻȌȫʆȅ>�Ǡ.ȭɫʃɏȮ��ƖÀȭǧ�HȧȊȾģȏȼÈǦșȠ

ɓɳɽɴʃȧȊȽʄFigure 2-6ʄBʅʅʆ!>�Ǡ.ȭɫʃɏȮǤ"ȭǆǛ �ȧȊȾ Cl ~Ȑǧ�þŶ

ȧȊȾɓɳɽɴʃȫŚățȾʄFigure 2-6ʄAʅʅ4nʇŔŚȮíȼȏȧȮȋȐʆ tBu ~ɂ.ǥȫúțȾɓɳ

ɽɴʃȭɏʀɴɢɐɼɶȫȮ!>�Ǡ.ȫƓȐȊȽʆȅ>�Ǡ.ȭɫʃɏǺűȭæȐ®ȋʄFigure 2-

12ʄcʅʅʇAd ~ɂ.ǥȫúțȾɓɳɽɴʃȭɏʀɴɢɐɼɶȹ!>�Ǡ.ȫƓȐȊȾʇȖȭŔŚȮʆɋɼ

ɶȭ>ǴƖȭÂȋǽ}ȧȊȾȠȸȧȊȾȨƑȍȼȿȾʇ 

 

Table 2-2. Microstructures and Tg values of the copolymers. a 

run –R Mn
b DPb Mw/Mn

b 
C. L.c 

% 

H-Td 

% 

Tg
e 

°C 

1 Me 18900 185 1.22 >99 89 29.5 

2 Cy 27800 163 1.20 >99 >99 54.7 

3 tBu 34600 240 1.14 >99 >99 70.4 

4 NB 25800 142 1.20 >99 >99 85.3 

5 Ad 9300 42 1.42 >99 >99 157.5 

(a) Isolated polymers; (b) Estimated by GPC on the basis of polystyrene standards, eluent: 

THF, detected by RI; (c) Estimated from 1H NMR spectra, CDCl3 solution; (d) Estimated from 

13C NMR spectra, CDCl3 solution; (e) Measured by DSC. 
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Figure 2-10. 1H NMR spectra of (a) PPC (Table 2-2£run 1); (b) PCyEC (Table 2-2£run 2); 

(c) PtBuEC (Table 2-2£run 3); (d) PNBEC (Table 2-2£run 4); (e) PAdEC (Table 2-2£run 5) 

(in CDCl3).  
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1.01.52.02.53.03.54.04.55.0 ppm

1.01.52.02.53.03.54.04.55.0 ppm

1.01.52.02.53.03.54.04.55.0 ppm
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Figure 2-11. 13C NMR spectra of (a) PPC (Table 2-2, run 1); (b) PCyEC (Table 2-2, run 2); 

(c) PtBuEC (Table 2-2, run 3); (d) PNBEC (Table 2-2, run 4); (e) PAdEC (Table 2-2, run 5) 

(153–156 ppm, in CDCl3). 

  

154155 ppm 154155 ppm 154155 ppm
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T–T
H–H

H–T H–T H–T
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Figure 2-12. GPC chromatograms of (a) PPC (Table 2-2, run 1); (b) PCyEC (Table 2-2, run 

2); (c) PtBuEC (Table 2-2, run 3); (d) PNBEC (Table 2-2, run 4); (e) PAdEC (Table 2-2, run 

5) (eluent: THF, RI detector). 

  

(a) (c)(b)

(d) (e)

8 11109
time / min

7 8 11109
time / min

7 8 11109
time / min

7

8 11109
time / min

7 8 11109
time / min

7



 18 

 

Figure 2-13. IR spectra of (a) PPC (Table 2-2, run 1); (b) PCyEC (Table 2-2, run 2); (c) 

PtBuEC (Table 2-2, run 3); (d) PNBEC (Table 2-2, run 4); (e) PAdEC (Table 2-2, run 5) (NaCl 

plate, cast film). 
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»ȼȿȠɓɳɽɴʃȭ Tg ɂũ¨ǃĊŉǠƱʄDSCʅȫȻȽĺ�șȠ(Figure 2-14)ʇPPC ȭ Tg Ȯ

29.5 °C ȧȊȽʆȖȭ,ȮǓZȫ�iȘȿȠȹȭȨĠǇșȦǕƜȪȋ,ȧȊȾʄTable 2-2ʆrun 1ʅ15ʇ

PCyECʆPtBuECʆPNBEC ȭ TgȮȞȿȟȿ 54.7ʆ70.4ʆ85.3 °C ȧȊȣȠʄTable 2-2ʆrun 2–4ʅʇü¸

șȠȻȌȫʆ.ǥȭ¦ȅȘȐ�NțȾȫȤȿȦ Tg ȐȅȓȪȾȖȨȐɁȏȣȠʇōŸțȲȑȮʆPAdEC

ȭ TgȐ 157.5 °C ȧȊȣȠȖȨȧȊȾʄTable 2-2ʆrun 5ʅʇȖȭ,ȮʆȖȿȵȧȫ�iȘȿȦȋȾ CO2 Ȩ

þŶɉɳɍɕɣȭ��7ǞcȫȻȽcÈȘȿȠɳɽɋɾɲɤʃɢȭ�ȧøȹȅȋ,ȧȊȣȠʇ 

 

 

Figure 2-14. DSC curves of polycarbonates (10 hC min–1, second heating scan). 
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I 3 J  MV  

ȖȭŧŲȫȎȋȦʆCO2 ȨGŢȧ¦ȅȋɄɾɍɾƐÙ~ɂúțȾþŶɉɳɍɕɣȨȭ��7Ǟc

ȫȻȽ>�Ǡ>©ȭŐȋ��7Ǟc"ɂcÈșȠʇPAdEC ɂǮȓɳɽɴʃȭǞc¯Ȯ 142 ȏȼ 240

ȭǨȧȊȣȠʇ�rȭǞcȭĂ�ȮʆʄTPPʅCoClƯ�ȫȻȾ CO2Ȩ POȭ7ǞcȫøǗSȘȿȠĂ

�ȧ�ȃɂƤȣȠʇɉɳɍɕɣȭ.ǥȭ¦ȅȘȐ�țȫȤȿȦǦȋ\¾ïǨȐ½ƩȫȪȣȦȋȾȻ

ȌȫƪȍȾȐʆ\¾ȭĹ¯Ⱥ CO2xɂ�ȍȾȖȨȧʆ\¾ïǨȭťƏȮaƖȫȪȾȧȊɀȌʇDSC ĺ

�ȭƊćȮ.ǥȭɄɾɍɾ~ȐGŢȧ¦ȅȋȳȩ Tg ȐȅȓȪȾȖȨɂũșȠʇȞșȦʆPAdEC ȭ Tg

Ȯ 157.5 °C ȧȊȽʆȖȭ,ȮʆCO2 ȨþŶɉɳɍɕɣȨȭ7ǞcȧcÈȘȿȠɳɽɋɾɲɤʃɢȭ�ȧ

øȹȅȋ,ȧȊȾʇ 
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I 3 G CO2o|�������q���`� 

 

I1J� OV  

ƗƔèɳɽɋɾɲɤʃɢȮɋɾɲɤʃɢȫŚățȾĒÀɂúțȾȠȸʆȅ>�ǷƮǀȨșȦBŘ

țȾȖȨȐØčȘȿȦȋȾʇ�ĥȼȮɳɽʄɉɞɿʁɋɾɲɤʃɢʅȺ.ǥȫɉʃɠɾǥɂúțȾ CO2

ŚăɳɽɋɾɲɤʃɢȐɆɊʁ��ÀɂũțȖȨɂ�ișȠʄFigure 3-1ʅ5cʇÿƹáȧȮʆCO2Śăɳ

ɽɋɾɲɤʃɢȭ�ǷÀɂf�ȘȝȾȠȸȫʆ.ǥȱȭɆɊʁÀ~ȭ�5ɂšşȨșĐƲɂƤȣȠʇ

șȏșʆɆɊʁÀ~ɂúțȾɉɳɍɕɣȨ CO2 ɂŢÖǞcȘȝȻȌȨșȦȹʆɆɊʁÀ~ȐǞc\¾ɂ

Ǫ�țȾȠȸʆ7ǞcȮǑƤșȪȋȨƑȍȼȿȾʄFigure 3-2ʄAʅʅʇȞȖȧʆƘǴ~ɂúțȾɉɳɍɕ

ɣȨ CO2 Ȩȭ7Ǟc"ɂcÈșȠȭȢʆƮǞcɂǩȔȠȸȫþŶ~ɂɉɗɠɾSșʆƐÙ\¾ȫȻȽ

ƘǴ~ɂɆɊʁÀ~ȱȨ�ÙțȾȖȨȫșȠʄFigure 3-2ʄBʅʅʇƘǴ~ɂúțȾɉɳɍɕɣȨșȦʆǁ

5aƖȪɉɫɏʀʀɪɣɽʁʄECHʅȵȠȮʆCl ~ȻȽƘǴƖȭ1ȿȠ Br ~ɂúțȾɉɫɭʀɸɪɣɽʁ

ʄEBHʅɂ$ŘțȾʇ 

 

 

Figure 3-1. Ion conductive polymers. 

 

 

Figure 3-2. Synthesis of CO2-derived polycarbonates having ionic group. 
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ECH ȭUŏǞcȧcÈȘȿȾɳɽɉʃɠɾȮʆɉɳɍɕĖƗȪȩȫBŘȘȿȦȋȾȠȸʆĔȉȪ

ŧŲȐƤɁȿȦȋȾȐʆCO2 Ȩ ECH ȭ��7ǞcȭŧŲ�iȮ ȪȋʇCO2 Ȩ ECH ȭ7Ǟc\

¾ȭƯ�ȨșȦ Et2Zn–H2O3 ȺªwǿǤ" 4q Ȑ�iȘȿȦȋȾȐʆECH ȭUŏǞcȫȻȽŖȚȾɉ

ʃɠɾƊcȐɓɳɽɴʃ�ȫgȵȿȾȨ�iȘȿȠʇ2011 ­ȫ Lu ȼȮɓɩɾɢɔɿʁǤ"Ư�ȫȻ

ȽʆɉʃɠɾƊcɂgȵȪȋ CO2 Ȩ ECH ȭ��7Ǟc"ȭcÈɂ�ișȠ 5iʇĀÿŧŲ�ȧȮɓ

ɩɾɢɳɾɬɅɽʁǤ"ȫȻȾ ECH ȵȠȮ EBH Ȩ CO2ȭ��7ǞcɂƵȶȠȐʆɳɽɋɾɲɤʃɢȮ

ŖȚȜʆŕŎɋɾɲɤʃɢȭȶȐ»ȼȿȠ 16ʇȞȖȧÿƹáȧȮƯ�ȨȪȾǤ"ȭǡ£ɂ�ǢȫțȾ

ȖȨȧʆɳɽɋɾɲɤʃɢȐcÈȧȑȾȨü¸șȠʇCO2 Ȩɉɳɍɕɣȭ��7ǞcȫúPȪ�ǢǤ"

ȭ�ȓȮ Et2Zn ɂYãȫ$ŘșȦȋȾʇșȏș Et2Zn Ȯȅ'ȧ^ȽËȋȭǵșȋúĘǡ£ȧȊȾʇȞ

ȖȧʆȻȽ�'ȧż(ȫcÈȧȑȾɐɾɜɾǜ�ǢʄZnGAʅȫţšșȠʄFigure 3-3ʅʇZnGA Ȯ CO2

Ȩ PO ȭ��7ǞcȫúPȧȊȾȖȨȐ�iȘȿȦȋȾȐ 4i, jʆȖȭŧŲɂţÊșȠïńȧȮ CO2 Ȩ

ECHȭ��7ǞcȫȤȋȦȭ�iȮȪȏȣȠ 17ʇ 

 

 

Figure 3-3. Synthesis of zinc glutarate. 

 

ZnGA ȫƯ�ȘȿȾ CO2 Ȩ ECH ȭ��7ǞcȫȤȋȦȭǧ�\¾ȮíŨȧȮȪȋȐ 17ʆǤ"

�ȫgȵȿȾģȐǧ�HȫȪȾȪȼȯʆ��7Ǟc"ȭþŶ~Ȯɪɣʀɍɕ~ȧȊȾȨ�ÄșȠ

ʄFigure 3-2ʄBʅʅʇŖÈɓɳɽɴʃȨųƄScŌɂ\¾ȘȝʆƐÙ\¾ȫȻȽɆɊʁÀ~ȱȨ�ÙțȾ

ǰʆųƄScŌȭ�~ÀȫȻȽʆþŶɪɣʀɍɕ~ȏȼɋɾɲɤʃɢƊcȱȭ back-biting \¾ȫȻȽ

ɳɽɴʃ	ǥȭƮǞcȐǑƤțȾaƖÀȐȊȾʇȖȭ back-biting \¾ɂÌCțȾȠȸȫʆɳɽɴʃ

þŶȭɪɣʀɍɕ~ɂɉʁɣɍɹɟɫʁɐ\¾ȫȻȽɉɗɠɾȫ�ÙșȠȭȢʆ.ǥȭƐÙ\¾ȫȻȽɆ

ɊʁÀ~ɂ�5țȾʇ 

  

+ZnO
HO OH

O O

ZnGAGA

–H2O
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I 2 J  M5oP�  

3-3-1 CO2o|�������q���`�  

CO2 Ȩ ECH ȵȠȮ EBH Ȩȭ��7Ǟc\¾ȮƯ�ȫ ZnGA ɂ$ŘșȦƤȣȠʄFigure 3-4ʅʇ

CO2 ȭxLȮ 5.0 MPaʆ60 °C ȫƳ�șȠɊɆɾɩɗ�ȧ\¾ȘȝȠɓɸɧɴʃȫ ECH ɂ$ŘșȠ

ïʆ\¾ïǨ 1 êȭ 1H NMRʄFigure 3-5ʄupʅʅȏȼź=șȠ ECH ȭǅSőʄconv.ʅȮ 63%ʆGPC

ʄFigure 3-6ʅȏȼź=șȠ>�ǠȮ Mn = 3500ʄMw/Mn = 3.19ʅȧȊȣȠʇɓɸɧɴʃȫ EBH ɂ$Řș

Ƞïʆ\¾ïǨ 1 êȭ 1H NMR ȏȼɳɽɴʃŚăȭɕɐɤɾȮȳȨɃȩŨƶȧȑȪȏȣȠʇ\¾ï

Ǩɂ 3 êǨȵȧ�ȯșȦȹ 1H NMR ɗɰɏɢɾʄFigure 3-4ʄdownʅʅȧɳɽɋɾɲɤʃɢŚăȭɕɐɤ

ɾȮȳȨɃȩ�yȝȜʆŕŎɋɾɲɤʃɢȐɁȜȏȫŖÈșȦȋȠʄ4.95 ppm, a-H, 1H, conv. = 

9.4%ʅʇ 

ZnGAȮ CO2 Ȩ POȭ7Ǟc\¾ɂƯ�țȾȖȨȐŤȼȿȦȎȽ 4i, jʆdĔȫʆECH Ȩȭ7Ǟc\

¾ȫȹúPȧȊȾȖȨȐɁȏȣȠʇșȏșdȚ\¾Ă�ȫȎȋȦʆEBH Ȩ CO2 Ȩȭ\¾ȮȳȨɃȩǑ

ƤșȪȏȣȠʇCO2 Ȩ ECH ȭɓɳɽɴʃȐcÈȧȑȠȭȧʆęȭȅ>�\¾ȱǑȷȖȨȫșȠʇ 

 

Figure 3-4. Copolymerization of CO2 and epihalohydrin. 
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Figure 3-5. 1H NMR spectra of (up) copolymerization of CO2 and ECH (reaction time: 1 day); 

(down) copolymerization of CO2 and EBH (reaction time: 3 days) (in CDCl3). 

 

 

Figure 3-6. GPC chromatogram of copolymerization of CO2 and ECH (reaction time: 1day, 

eluent: THF£RI detector). 

  

1.52.02.53.03.54.04.55.0 ppm

1.52.02.53.03.54.04.55.0 ppm1.52.02.53.03.54.04.55.0 ppm

6 108
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3-3-2 ��¡¡������¢|���}��� �¢q|���������&  

CO2 Ȩ ECH ȭ��7Ǟc\¾ɂȎȖȪȋʆȞȭ\¾ƀȫ CH2Cl2 ȨɫɩɾǜɏʀɽɣɂNȍȦÚ

ÎșȠʄFigure 3-7ʅʇŖÈŌɂ CHCl3ȫľȏșʆȞȭľĶɂ CH3OH ȫİȒʆɳɽɴʃɂ:ĩĞȘȝ

ȾȖȨȧr]șȠʇ:ĩĞȭĝǯȧʆCH3OH ȫaľȪɫɩɾǜȺɫɩɾǜɉɗɠɾȮǮȕȦȋȾʇ

ŖÈŌȭ 1H NMR ɗɰɏɢɾʄFigure 3-8ʅȫɳɽɋɾɲɤʃɢ	ǥʄ5.2–4.9, 4.6–4.2, 3.9–3.5 ppmʅȎ

ȻȰʆɳɽɴʃþŶȭ tBu~ȭɮʀɢʁʄ1.2 ppmʅȫŚățȾɕɐɤɾȐŨƶȧȑȠȭȧʆɉʁɣɍɹɟ

ɫʁɐ\¾ȨșȦɓɳɽɴʃþŶȭɉɗɠɾSȫÈMșȠȨAäșȠʇGPC ĺ�ȏȼź=șȠ>�Ǡ

Ȯ Mn = 7200ʄMw/Mn = 2.21ʅȧȊȣȠʇ 

 

Figure 3-7. End-capping reaction of poly((chloromethyl)ethylene carbonate). 

 

 

 

Figure 3-8. 1H NMR spectrum after end-capping reaction by pivaloyl chloride (in CDCl3). 

  

O

Cl

O

O

O
OO

O

O

O

O
O O

X X

XX
OO

Y = H or Co

CH2Cl2

O

O

O
OO

O

O

O

O
O O

X X

XX

Y Y

1.52.02.53.03.54.04.55.0 ppm



 26 

I 3 J  MV  

ZnGA ȫƯ�ȘȿȾ CO2 Ȩɉɫɨʀɪɣɽʁȭ��7Ǟc"ȭcÈɂƵȶȠʇɉɫɨʀɪɣɽʁȨș

Ȧ ECH ȵȠȮ EBH ɂŘȋȠʇɓɸɧɴʃȫ ECH ɂ$ŘțȾȨʆCO2 Ȩȭ7Ǟc\¾ȐǑƤșʆɓɳ

ɽɴʃȐ»ȼȿȠʇdȚ\¾Ă�ȧ CO2 Ȩ EBH Ȩȭ7ǞcɂƵȶȠȐʆ\¾ȮǑƤșȪȏȣȠʇȅ

>�\¾�ȫ CO2 Ȩ ECH ȭ��7Ǟcȧ»ȼȿȠɳɽʄʄɏʀʀɷɞɾʅɉɞɿʁɋɾɲɤʃɢʅȭƮ

ǞcȐǑƤșȪȋȻȌȫțȾȠȸȫʆ»ȼȿȠɓɳɽɴʃȭþŶ~ɂɫɩɾǜɏʀɽɣȧɉʁɣɍɹɟɫ

ʁɐșȠʇȖȭ\¾ȫȎȋȦʆ	ǥȭ>ƮɂŖȚȘȝȾȖȨȪȓʆɓɳɽɴʃþŶȭɪɣʀɍɕ~ɂɉɗ

ɠɾȫ�ÙȧȑȠʇ 
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I 4 G ����z��w��km��¡�����}��� �¢q 

�)o
�&psu68 

 

I1J� OV  

ȅ>�ɂɽɔɆɏɾțȾæĮȫȮɔʃɴɾʆɑɵɋɾʆɴɠɽɄɾɽɔɆɏɾȐȊȾʇɔʃɴɾɽɔɆ

ɏɾȮ$Ř¹ȭȅ>�ɂŇWșʆŉɉɦɾɎʃɂ^Ƚ=șʆɑɵɋɾɽɔɆɏɾȮS�\¾ȫȻȽɳɽ

ɴʃɂɸɧɴʃȫ�ÙșȦȏȼ:Ȱ$ŘșʆɴɠɽɄɾɽɔɆɏɾȮ$Ř¹ȭȅ>�ɂȞȭȵȵȅ>

�ȨșȦ:Ȱ$ŘțȾʇƿļɂúPBŘțȾȠȸȫȮɑɵɋɾɽɔɆɏɾȺɴɠɽɄɾɽɔɆɏɾȐû

ȵșȋʇșȏșʆ�ę2şȫĉėȘȿȠƌšŎȅ>�Ȯ�ľʆ�ƣȧȊȾȠȸʆɑɵɋɾɽɔɆɏɾȺ

ɴɠɽɄɾɽɔɆɏɾȐǵșȋʇȞȖȧƌšŎȅ>�ȭĉėǙ ɂaǌşȫƊcʂ?äȧȑȾēǏȐ

ØčȘȿȦȑȠʄFigure 4-1ʅʇ 

Saegusa ȼȮ 1990 ­ȫʆɳɽɊɍɔɛɽʁȭ.ǥȫɬɽɾ~ȨɴɿɆɵɣ~ɂ�5șȠɳɽɴʃɂc

ÈșʆDiels–Alder \¾ȫȻȽĉėȘȝʆƌšŎȅ>�ɂcÈșȠʇȖȭƌšŎȅ>�ȮNŉȫȻȽ

aǌşȫƘĉėȘȿȾø@ȭ�iȧȊȾ 18ʇGandini ȼȮ 2002 ­ȫʆɳɽɄɏɽɿʃɢȫɬɾɬɽɾ~

ɂʆ�þŶȫɴɿɆɵɣ~ɂúțȾɳɽɴʃɂ Diels–Alder \¾ȫȻȽĉėȘȝʆɽɔɆɏɾ�îȪɉɼ

ɗɢɴʃɂcÈșȠ 19ʇWang ȼȮ 2006 ­ȫʆCO2 Ȩ POʆɄɽɾɐɽɕɖɾɉʃɠɾɂ�27Ǟcț

ȾȖȨȧ»ȼȿȾɳɽɋɾɲɤʃɢȫƆ�4ɂň�șʆɄɽɾ~Ǚ ɂĉėțȾȖȨȧ�ę2şȫĉė

ȘȿȠ CO2ŚăɳɽɋɾɲɤʃɢȭcÈɂ�ișȠ
5fʇ 

 

 
Figure 4-1. Cross-linking and de-cross-linking of polymer. 
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ÿɠʃɴȧȮĉė–ƘĉėaƖȪ\¾ÀǙ ɂ PPC ȫ�5șʆɽɔɆɏɾ�îȪƌšŎ PPC ɂ

cÈțȾʇȞșȦʆĉėF¹ȭŌÀȨĉėȐaǌşȧȊȾȏȫȤȋȦƸȲȾʇaǌşȪĉėæĮȨ

șȦ4\¾À~ȫţšșȠʇ4\¾À~ȨșȦɑɆɪǜȭ4[2+2]�NŕSȫţšșʄFigure4-2ʅ20ʆ

ɑɆɪǜɐɽɕɖɾʄGCʅɂɉɳɍɕɣȨșȦŘȋȾʇCO2 Ȩ GC ȭ7Ǟc"ȭcÈȎȻȰȞȭƀȫ PO

ɂNȍȠ�27Ǟc"ȭcÈȨ4\¾ȫȻȾĉėȫȤȋȦ�ițȾʄFigure 4-3ʅʇ 

 

Figure 4-2. Dimerization of cinnamic acid. 

 

 

Figure 4-3. Synthesis of cross-linkable de-cross-likable PPC by photo reaction. 
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I 2 J  M5oP�  

4-2-1 CO2o�z�_�����q���`�  

CO2 Ȩ GC ȭ��7Ǟc"ȭcÈȫȤȋȦ�iȘȿȠŧŲȮȪȋʇȞȖȧʆCO2 Ȩ GC ȭ��7

ǞcɂƯ�țȾǡ£Ǥ"ȫȤȋȦÕƅșʆęȫ CO2ʆPOʆGC �27Ǟc"ȭcÈɂƤȌȖȨȫș

Ƞʇǡ£Ǥ"ȨșȦʆɓɩɾɢǤ"ȧȊȾ(TPP)CoCl Ȩ rac-(salcy)CoOBzF5ɂʆ�ǢǤ"ȨșȦ ZnGA

ɂǘÍșȠʇǞc\¾ȭĂ�ȮʆCO2 Ȩ PO ȭ��7ǞcȧøǗSȘȿȠĂ�ȧ�ȃɂƤȣȠʇ

CO2 Ȩ GC ȭ��7ǞcȧȮʆɳɽʄʄɕʁɤɸɆɾɊɍɕɷɞɾʅɉɞɿʁɋɾɲɤʃɢʅʄPCiECʅȭ

�ȫʆŕŎʄɕʁɤɸɆɾɊɍɕɷɞɾʅɉɞɿʁɋɾɲɤʃɢʄCCiECʅȐŖÈțȾaƖÀȐȊȾʇ�

ȃƊćɂ Table 4-1ȫũțʇ 

 

Figure 4-4. Copolymerization of CO2 and GC. 
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Figure 4-5. (TPP)CoCl and DMAP. 

 

(TPP)CoCl ɂ $ Ř ș Ƞ � ȃ ȧ Ȯ ʆ Ɋ ʃ ɢ ɏ ɿ ʃ ɭ ȫ (TPP)CoCl ʆ DMAP ʆ GC ɂ

[Co]:[DMAP]:[GC]=1:0.75:487ȭɸɾĠȧNȍʆCO2ɂ 5.0 MPa ȵȧx5șʆ40 °C ȫƳ�șȠɊɆ

ɾɩɗ�ȧÚÎșȠʇÚÎïǨ 24 ïǨʆ48 ïǨȭïńȧ CO2 ɂÝ=șʆ\¾ƀȭɔʁɮɽʁɐɂ

ƤȣȠʇ\¾ķcŌɂ IRʆ1H NMRʆGPC ȫȦĺ�șȠʇ\¾ïǨ 24 ïǨȧȭ IR ɗɰɏɢɾȫȮʆ

1802ʆ1714ʆ1637 cm–1ȫ´ȋh]Ȑʆ1755cm–1ȫ³ȋh]ȐŒȿȠʄFigure 4-6ʅʇ1714 cm–1Ȯɕ

ʁɤɸɆɾ~ȭɉɗɠɾȫŚățȾɋɾɲɥɾ�ƏÐRȧȊȽʆ1637 cm–1 ȮɕʁɤɸɆɾ~ȭ

>C=C<�ǞƊcȫŚățȾ�ƏÐRȧȊȾʇ1802 cm–1ȭh]ȮŕŎɋɾɲɤʃɢȭɋɾɲɥɾ�

ƏÐRȫȻȾh]ȧȊȽʆ1755 cm–1ȭ�ȘȪh]Ȯɳɽɋɾɲɤʃɢȭɋɾɲɥɾ�ƏÐRȫȻȾh

]ȧȊȾʇIR ɗɰɏɢɾȭƊćȮʆ\¾ƀ�ȫȎȋȦɋɾɲɤʃɢƊcȐ�yșȦȋȾȐʆûȷɳɽ

ɋɾɲɤʃɢȻȽȹʆIŖÈŌȧȊȾŕŎɋɾɲɤʃɢȭŖÈȐ�ȋȖȨɂũnțȾʇ1H NMR ɗɰɏ

ɢɾȭɳɽʄʄɕʁɤɸɆɾɊɍɕɷɞɾʅɉɞɿʁɋɾɲɤʃɢʅʄPCiEC, 5.25–5.15 ppm, 1H/unit, 

OC(=O)O–CH–(CH2)2ʅʆŕŎʄɕʁɤɸɆɾɊɍɕɷɞɾʅɉɞɿʁɋɾɲɤʃɢʄCCiEC, 5.0–4.9 

ppm, 1H, OC(=O)O–CH–(CH2)2ʅʆGCʄ3.35–3.25 ppm, 1H, O–CH–(CH2)2ʅȭɕɐɤɾȏȼź=șȠ

GC ȭǅSőȮ 37%ʆPCiEC Ȩ CCiEC ȭĠȮ 20:80 ȧȊȣȠʄFigure 4-7ʄupʅʅʇȖȭïńȧȭ GPC

ȏȼź=șȠ>�ǠȮ Mn = 2800ʄMw/Mn = 1.56ʅȧȊȣȠʇGC ȭ\¾ɂȘȼȫǑȸȾȠȸȫ\¾ï

Ǩɂ 48 ïǨȵȧ±ȯțȨʆǅSőȮ 67%ȫȪȽʆ\¾ƀ�ȭɳɽɋɾɲɤʃɢȨŕŎɋɾɲɤʃɢȭ

ĠȮʆ[PCiEC]:[CCiEC]=20:80 ȧȊȣȠʄFigure 4-7ʄdownʅʅʇȖȭɳɽɴʃȭ>�ǠȮ Mn = 12800

ʄMw/Mn = 1.24ʅȧȊȣȠʇ\¾ïǨɂ 48 ïǨȵȧ±ȯțȨ GC ȐĵƾȘȿʆɳɽɴʃȭ>�ǠȐ�

ȑȓȪȽʆIŖÈŌȧȊȾŕŎɋɾɲɤʃɢȭŖÈǠȹ�NțȾȖȨȐɁȏȣȠʇ 
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Figure 4-6. IR spectra of copolymerization of CO2 and GC catalyzed by (TPP)CoCl (up) 

reaction time: 24 hours; (down) reaction time: 48 hours (Na Cl plate, cast film). 

 

 
Figure 4-7. 1H NMR spectra of copolymerization of CO2 and GC catalyzed by (TPP)CoCl, 

reaction time (up) 24 hours; (down) 48 hours (in CDCl3). 
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Figure 4-8. GPC chromatograms of copolymerization of CO2 and GC catalyzed by 

(TPP)CoCl, reaction time (left) 24 hours; (right) 48 hours (eluent: THF, UV detector). 

  

8 11109
time / min

7 8 11109
time / min

7



 33 

 
Figure 4-9. rac-(salcy)CoOBzF5 and (PPN)Cl. 

 

rac-(salcy)CoOBzF5 ɂ$ŘșȠ�ȃȧȮʆɊʃɢɏɿʃɭȫ rac-(salcy)CoOBzF5ʆ(PPN)ClʆGC

ɂ[Co]:[(PPN)Cl]:[GC]=1:1:1920ȭɸɾĠȧNȍʆCO2ɂ 1.3 MPa ȵȧx5șʆ25 °C ȫƳ�șȠɊ

Ɇɾɩɗ�ȧÚÎșȠʇÚÎïǨ 24 ïǨ¹ȭ IR ɗɰɏɢɾʄFigure 4-10ʄupʅʅȫȮ 1804ʆ1756ʆ

1715ʆ1637 cm–1 ȫh]ȐȊȽʆ(TPP)CoCl ɂ$ŘșȠïȨdĔȫʆŕŎɋɾɲɤʃɢʆɳɽɋɾɲɤ

ʃɢʆɕʁɤɸɆɾ~ȫŚățȾh]ȧȊȾʇh]ȭ´¯Ȯ 1804ʊ1756 cm–1ȧȊȾȠȸʆŕŎɋɾ

ɲɤʃɢȻȽɳɽɋɾɲɤʃɢȭæȐȻȽ�ȓŖÈșȦȋȾȖȨȐũnȘȿȾʇ 1H NMR ɗɰɏɢɾ

ʄFigure 4-11ʄupʅʅȏȼź=șȠ GC ȭǅSőȮ 44%ȧȊȽʆPCiEC Ȩ CCiEC ȭĠȮ 81:19 ȧȊȣ

ȠʇȖȭïńȧȭ>�ǠȮ Mn = 5500ʄMw/Mn = 1.63ʅȧȊȣȠʄFigure 4-12ʄleftʅʅʇGC ȭǅSőɂ

�ȑȓțȾȠȸȫ\¾ïǨɂ 48 ïǨȵȧ±ȯșȠʇ48 ïǨ¹ȭ IR ɗɰɏɢɾʄFigure 4-10ʄdownʅʅ

ȫȮɳɽɋɾɲɤʃɢȫŚățȾ 1756 cm–1 ȭh]ȐȳȨɃȩȪȓȪȽʆŕŎɋɾɲɤʃɢȫŚățȾ

1800 cm–1ȭh]Ȑ�yșȠʇȵȠʆ1H NMR ɗɰɏɢɾʄFigure 4-11ʄdownʅʅȏȼȹɳɽɋɾɲɤʃɢ

ȭɕɐɤɾȮȳȨɃȩȪȓȪȽʆCCiEC ȭɕɐɤɾȐ�yșȠʇGC ȭǅSőɂƱźțȾȨʆ60%ȧȊ

ȽʆPCiEC Ȩ CCiEC ȭĠȮ 9:91 ȧȊȣȠʄFigure 4-11ʄdownʅʅʇŔÄşȫɳɽɴʃǥȐÈǦțȾȨʆ

GPC ȭɏʀɴɢɐɼɶȮ�¥ÀȫȪȾȨ�ÄșȠȐʆȅ>�Ǡ.ȫƓȭȊȾɭʀʃɣȪU¥Àȭɞɹ

ʃɢȐ»ȼȿʆMn = 7100ʄMw/Mn = 1.55ʅȧȊȣȠʄFigure 4-12ʄrightʅʅʇȅ>�Ǡ.ȫƓȭȊȾɭʀ

ʃɣȪɞɹʃɢȮʆɳɽɴʃȮŖÈșȠȐʆɩɟɏɩɆɠɅʁɐ\¾ȫȻȽƮǞcȐǑƤșȠȖȨɂũn

țȾʇ40%ȭ GC Ȑý\¾ȭȵȵȧȊȾȫȹȏȏɁȼȜʆ\¾ïǨɂ±ǦțȾȖȨȧŖÈɳɽɴʃȭ

ƮǞcȐǑƤșȦȋȾʇºȣȦʆrac-(salcy)CoOBzF5 ɂƯ�ȨțȾǞcȧȮûȶȭɳɽɴʃɂ»ȫȓ

ȋȨAäșȠʇ  

rac-(salcy)CoOBzF5 (PPN)Cl

Ph3P N PPh3 Cl

N N
Co

O O

tBu
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Figure 4-10. IR spectra of copolymerization of CO2 and GC catalyzed by rac-(salcy)CoOBzF5 

(up) reaction time: 24 hours; (down) reaction time: 48 hours (Na Cl plate, cast film). 

 

 

Figure 4-11. 1H NMR spectra of copolymerization of CO2 and GC catalyzed by rac-

(salcy)CoOBzF5, reaction time (up) 24 hours; (down) 48 hours (in CDCl3). 
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Figure 4-12. GPC chromatograms of copolymerization of CO2 and GC catalyzed by 

(salcy)CoOBzF5, reaction time (left) 24 hours; (right) 48 hours (eluent: THF, UV detector). 

 

ZnGA ȮƸƨȐ�îȧȊȽʆCO2 Ȩ PO ȭ��7ǞcɂƯ�țȾǤ"ȧȊȾȐʆľ�ȫ�ľȧȊ

ȾȠȸʆ\¾ƀ�ȭɉɳɍɕɣȨȭɸɾĠɂěŨȫƱźȧȑȪȋʇZnGA ɂ$ŘșȠ�ȃȧȮʆɊʃ

ɢɏɿʃɭȫ ZnGAʄ200 mgʅȨ GCʄ4.0 mLʆ23.7 mmolʅɂNȍȦ�ȃɂƤȣȠʇCO2ɂ 5.0 MPa ȵȧ

x5șʆ60 °C ȫƳ�șȠɊɆɾɩɗ�ȧÚÎșȠʇ\¾ïǨ 24 ïǨȧȭ IR ȎȻȰ 1H NMR ɗɰ

ɏɢɾȏȼʆȳȨɃȩȭ GC Ȑý\¾ȭȵȵȧȊȾȖȨȐɁȏȣȠʇ\¾ïǨ 48 ïǨȭ 1H NMR ɗɰ

ɏɢɾĺ�ȫȎȋȦ PCiEC Ⱥ CCiEC ŚăȭɕɐɤɾȮȳȨɃȩ�yȝȜʆ�üȝȬɕɐɤɾȐŒ

ȿȠʇȖȿȼȭƊćȻȽʆZnGA ɂƯ�ȨțȾ\¾ȧȮ PCiEC ɂcÈȧȑȪȋAäșȠʇ��ȭƊć

ȻȽʆCO2ʆPOʆGC �27Ǟc\¾ȭȠȸȫȮʆCO2 Ȩ GC ȭ7Ǟc\¾ɂƯ�șʆȏȤʆŕŎɋ

ɾɲɤʃɢȭŖÈȐ Ȫȋ(TPP)CoCl ɂƯ�ȨșȦ$ŘțȾȖȨȫșȠʇ 
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Table 4-1. Copolymerization of CO2 and GC. a 

run cat. time 

(hours) 

conv.e 

(%) 

Mn
f 

(g mol–1) 

Mw/Mn
f [PCiEC]:[CCiEC]e 

1b (TPP)CoCl 24 

48 

37 

67 

2800 

12800 

1.4 

1.2 

20:80 

20:80 

2c rac-(salcy)CoOBzF5 24 

48 

44 

60 

5500 

7100 

1.6 

1.6 

81:19 

9:91 

3d ZnGA 24 

48 

– 

– 

– 

– 

– 

– 

– 

– 

(a) Stainless steel autoclave (150 mL); (b) [GC]:[Co]=487:1, CO2 = 5.0 MPa, temperature = 

40 °C; (c) [GC]:[Co]=1920:1, CO2=1.3 MPa, temperature = 25 °C; (d) [GC]:[ZnGA] = 4.0 

mL:0.20 g, CO2=5.0 MPa, temperature = 60 °C; (e) Determined by 1H NMR spectroscopy (in 

CDCl3); (f) Determined by GPC calibrated with polystyrene standards, eluent: THF, UV 

detector. 
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4-2-2 CO2£PO£GC�	�`��q�)  

 

 

 

Ɋʃɢɏɿʃɭȫ(TPP)CoClʄ0.0474 mmolʅʆDMAPʄ0.0356 mmolʅɂNȍʆųƄǶuĢ�ȫșȠ

ȭȢʆGCʄ11.6 mmolʅȨ POʄ11.8 mmolʅɂNȍȠʇɉɳɍɕɣȨƯ�ȭĠȮ

[PO]:[GC]:[Co]:[DMAP]=250:250:1:0.75 ȧȊȾʇCO2ɂ 5.0 MPa ȵȧx5șʆ40 °C ȫƳ�șȠɊ

Ɇɾɩɗ�ȧ 48 ïǨÚÎșȠȭȢʆ\¾ķcŌɂ IRʆ1H NMRʆGPC ȫȦĺ�șȠʇ\¾ķcŌ

ȭ IR ɗɰɏɢɾʄFigure 4-13ʅȫȮ 1806ʆ1752ʆ1716ʆ1637 cm–1ȫh]ȐȊȣȠʇȞȿȟȿȭh]

ȮʆŕŎɋɾɲɤʃɢȭɋɾɲɥɾ�ƏÐRʆɳɽɋɾɲɤʃɢȭɋɾɲɥɾ�ƏÐRʆɕʁɤɸɆ

ɾ~ȭɋɾɲɥɾ�ƏÐRʆɕʁɤɸɆɾ~ȭ>C=C<�ƏÐRȫŚățȾʇ1H NMR ɗɰɏɢɾ

ʄFigure 4-14ʅȫȮ 5.2 ppm Ȩ 5.0 ppm ȫɭʀʃɣȪɕɐɤɾȐȊȽʆȖȿȼȮ PCiECʆPPCʆCCiEC

ȭaģƄȫŚățȾɕɐɤɾȧȊȾʇȵȠʆGC ȭǅSőȮ 70%ȧȊȣȠʇPO Ȯīń 34 °C ȭĶ"

ȧȊȾȠȸʆCO2ɂÝ=țȾïȫ\¾ƀȏȼǮZȘȿʆěŨȪǅSőȐź=ȘȿȦȋȪȋʇGPC ĺ

�ȭƊćȧȮ�¥ÀȭɏʀɴɢɐɼɶȐ»ȼȿȠʄFigure 4-15ʅʇȅ>��.ȭɫʃɏʄMp2 = 27700ʅ

ȮǤ"ȫgȵȿȾģȐǧ�HȫȪȣȠɓɳɽɴʃʆ!>��.ȭɫʃɏʄMp2 = 15200ʅȮǤ"ȭǆ

Ǜ �Ȑǧ�HȫȪȣȠɓɳɽɴʃȧȊȽʆɓɳɽɴʃȭà¬{>�ǠȮ Mn = 18600ʄMw/Mn = 

1.20ʅȧȊȣȠʇ\¾ƀ�ȫNȍȠɉɳɍɕɣȭUŏǞcȫȻȽʆûȵȪȋɉʃɠɾƊcȐŖȚȾa

ƖÀȐȊȾʇșȏșʆŖÈŌȭ 1H NMR ɗɰɏɢɾȭ 3.0–3.5ppm ȫȮɓɸɧɴʃȧȊȾ PO Ȩ GC ȭ

ɕɐɤɾșȏȪȋȠȸʆɋɾɲɤʃɢƊcȭKcȮ>99%ȧȊȾȨưȍȾʇdĔȫʆ\¾ƀȫNȍȾ

PO Ȩ GC ȭKcɂ�ȍȦʆPPC Ȩ PCiEC ȭƉÈĠȭŜȪȾɳɽɴʃɂcÈșȠʄTable 4-2ʆrun 2–

10ʅʇTable 4-2ʆrun 2–5 ȧcÈșȠ�27Ǟc"Ȯ4ň�ȭȠȸȫʆrun 6–10 ȧȮ TgɂĠǇș

ȠʇPPCʄMn = 16600ʆn = 163ʅȭ TgȮ 26.8 ºCʄTable 4-2ʆrun 6ʅʆPCiECʄMn = 16600ʆn = 67ʅȭ

TgȮ 56.8 ºC ȧȊȣȠʄTable 4-2ʆrun10ʅʇ�27Ǟc"ȫȎȋȦȮʆPCiEC ɺɥɟɢȐ�ȍȾȫȤ

ȿȦ TgȐȅȓȪȽʆPCiEC ȭȶȭ TgȫǊȥȋȠʇ 

  

CO2
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+ O
O O

O
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O
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Table 4-2. Terpolymerization of CO2, PO and GC. a 

run [PO]0:[GC]0
b time 

(h) 

yield c 

(%) 

Mn
d 

(g mol–1) 

Mw/Mn
d [PPC]:[PCiEC]e C. L. e 

(%) 

Tg
 f 

(°C) 

1g 50 : 50 48 19 18600 1.20 29 : 63 >99 -i 

2h 10 : 90 24 13 8000 1.17 3 : 31 >99 53.5 

3h 26 : 74 24 18 9900 1.18 9 : 36 >99 59.5 

4h 50 : 50 24 24 13000 1.18 27 : 41 >99 56.8 

5h 75 : 25 24 39 17100 1.17 66 : 42 >99 53.3 

6g 100 : 0 48 66 16600 1.30 163 : 0 >99 26.8 

7g 90 : 10 48 76 20800 1.26 160 : 18 >99 34.6 

8g 80 : 20 48 78 18700 1.27 107 : 31 >99 40.2 

9g 50 : 50 48 77 22400 1.20  51 : 69 >99 54.7 

10g 0 : 100 48 32 16600 1.27   0 : 67 >99 56.8 

(a) Stainless steel autoclave (150 mL), [epoxide]:[Co]:[DMAP] = 500 : 1 : 0.75, CO2 = 5.0 

MPa, temperature = 40 °C; (b) Feed ratio of PO and GC (mol% : mol%).; (c) Isolated yield; 

(d) Estimated by GPC on the basis of polystyrene standards, eluent: THF, UV detector; (e) 

1H NMR, solvent: CDCl3, the ratio of DP; (f) Estimated by DSC; (g) (TPP)CoCl = 0.05 mmol; 

(h) (TPP)CoCl = 0.10 mmol; (i) not measured. 
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Figure 4-13. IR spectrum of terpolymerization of CO2, PO, and GC (reaction time: 48 

hours, NaCl plate, cast film, Table 4-2, run 1). 

 

 

 

Figure 4-14. 1H NMR spectrum of terpolymerization of CO2, PO, and GC (reaction time: 

48 hours, in CDCl3, Table 4-2, run 1). 
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Figure 4-15. GPC chromatogram of terpolymerization of CO2, PO, and GC (reaction time: 

48 hours, in CDCl3, Table 4-2, run 1). 
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4-2-3 �	�`��q UV-vis �������;�  

»ȼȿȠ�27Ǟc"ɂ4\¾ȫȻȽĉėȘȝȾȠȸȫʆ�27Ǟc"Ȑh]țȾ4ȭįǦȫ

ȤȋȦƸȲȠʇ�27Ǟc"ʄTable 4-2ʆrun 1ʅɂ THF ȫľȏșʆUV-vis h]ɗɰɏɢɾĺ�ɂȎ

ȖȪȣȠʄFigure 4-16ʅʇĺ�įǦ 200–400 nm ȭŻuȫȎȋȦʆ218 nm Ȩ 277 nm ȫh]Ē�Ȑ�

yșȠʇ277 nm ɂĒ�ȨțȾh]Ȯʆ230–310 nm ȭŻuȫ®ȐȽȐȊȣȠʇȞȖȧʆɨʁɡɅ| UV

ɼʁɮʄl = 254 nmʆ6 Wʅɂ$ŘșȦʆ�27Ǟc"ȫ4ň�țȾȖȨȫșȠʇ 

 

 

Figure 4-16. UV-vis absorption spectrum of terpolymer (quarts cell, in THF, The 

concentration was adjusted to Abs = 1 at absorption maximum.) 
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4-2-4 �	�`���y��rq
=�  

 
Figure 4-17. Cross-linking of terpolymer by light irradiation. 

 

�27Ǟc"ȱȭ4ň�ȫȻȽʆɕʁɤɸɆɾ~ȭ C=C �ǞƊcȐĵ�șʆɕɏʀɭɜʁŕȐ¶

ÈȘȿȾȖȨɂü¸șʆ�ȃɂȎȖȪȣȠʇ�27Ǟc"ɂɏʀʀɱɾɶȫľƮșʆ¤�ą�ȫȭȝʆ

�ŋȘȝȾȖȨȧ�27Ǟc"ȭɍɹɗɢɬɅɾɶɂ#ÈșȠʇ4ň�Fȭ IR ɗɰɏɢɾĺ�ȧȮ

1753ʆ1715ʆ1636 cm–1ȫh]ȐȊȽʄFigure 4-18ʄupʅʅʆȞȿȟȿʆɳɽɋɾɲɤʃɢȭɋɾɲɥɾ�

ƏÐRʆɕʁɤɸɆɾ~ȭɋɾɲɥɾ�ƏÐRʆɕʁɤɸɆɾ~ȭɊɿɬɅʁ�ƏÐRȫŚățȾʇ

4\¾ȫȻȽʆŔÄşȫɕʁɤɸɆɾ~ȭ�ǠSȐǑƤțȿȯʆɊɿɬɅʁ�ƏÐRȧȊȾ 1636 

cm–1 ȭh]Ȑĵ�șʆɋɾɲɥɾ�ƏÐRȫŚățȾh]ȮȞȭȵȵĜȾȨ�ÄșȠʇșȏșʆ4ň

� 1 ïǨ¹ȭɗɰɏɢɾʄFigure 4-18ʄdownʅʅȫȮʆ1636 cm–1ȫh]ȐȊȽʆȞȭ´¯Ȯ4ň�F

ȭɗɰɏɢɾȨȳȨɃȩ�ɁȼȜʆ1748 cm–1ɂh]Ē�Ȩșʆ!įà.ȫƓȭȊȾh]ȐŒȿȠʇ 
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Figure 4-18. IR spectra of terpolymer (up) before light irradiation; (down) after light 

irradiation (1 hour).  

 

ɕʁɤɸɆɾ~ȭɋɾɲɥɾƊcȮa,b-�ȀkɋɾɲɥɾƊcȧȊȾʇ7ȆPćȫȻȽ>C=O Ɗ

cǦȐǦȓȪȾȠȸh]ÐRàɂĸ Șȝʆh]Ȯ!įà.ȫŒȿȾʇțȪɁȢʆɳɽɴʃǥȭȋȓ

Ȥȏȭ>C=C<�ǞƊcȐɕɏʀɭɜʁŕȫ�SțȾȖȨȧʆȞȭȻȌȪh]ÐRàɂĸ ȘȝȾPć

ȐŅȓȪȾʇȞȭȠȸʆɕʁɤɸɆɾ~ȭɋɾɲɥɾ�ƏÐRȐȻȽȅįà.ȫŒȿȠȭȧȊɀȌʇý

\¾ȭ C=CƊcȫȻȾ7ȆPćɂ_ȕȠɕʁɤɸɆɾ~ȭɋɾɲɥɾ�ƏÐRʆ4\¾ȫȻȽŖȚ

ȠȀkɄɾɍɾ~ȫǲÖțȾɕʁɤɸɆɾ~ȭɋɾɲɥɾ�ƏÐRʆɳɽɋɾɲɤʃɢȭɋɾɲɥɾ

�ƏÐRȫȻȾȞȿȟȿȭh]ȐǊ/ȫ�yțȾȠȸʆ1748 cm–1 ȫĒ�,ɂȹȤh]ȨșȦŒȿ

ȠȨƑȍȼȿȾʇºȣȦʆIR ɗɰɏɢɾĺ�ȭƊćȮʆ�27Ǟc"ȭɍɹɗɢɬɅɾɶȫ 1 ïǨȭ4

ň�ɂțȾȖȨȧʆC=C�ǞƊcȭ4\¾ȫȻȽʆɕɏʀɭɜʁŕȐŖÈșʆɉɗɠɾȭɋɾɲɥɾ�

ƏÐRȐȅįà.ȱŮRșȠȖȨɂũșȦȋȾʇ 

  

1000150020002500
Wavenumber / cm–1

before

%T

after



 44 

4-2-5 �`���� �rq
=�  

ŢǥŎ PPC ȮɏʀʀɱɾɶʆɄəɢʁʆTHF ȪȩȭǹɮʀɢʁÀľ�ȫľƮțȾʇ�ƛşȫʆľƮ

ÀȭȊȾŢǥŎȅ>�ɂĉėșȦʆƌšŎȅ>�ȫțȾȨʆľƮÀȐȪȓȪȾʇÿƹáȧȹ�27

Ǟc"ȫ4ň�șʆ4\¾ȫȻȽĉėȘȝȾȖȨȧľ�ȱȭľƮÀȐĵ�țȾȖȨɂü¸șȦ�ȃɂ

ƤȣȠʇ 

ȵȜ�27Ǟc"ɂɱɟɢɮɿʃɢ�ȧNŉșʆąŎȫÈ¶șȠɔʁɮɾɂŘÅșȠʇȞȭɔʁɮ

ɾȫɨʁɡɅ| UV ɼʁɮʄl = 254 nmʆ6 Wʅɂ$ŘșȦ4ň�ɂƤȋʆ4ň�¹ȭɳɽɴʃȫ THF

ɂNȍȾȖȨȧʆaľÀǙ>Ȩ�ľÀǙ>ȫ>ȕʆ�ľÀǙ>ȭKcȫȤȋȦƸȲȠʇ�ȃƊćɂ

Table 4-3 ȫũțʇõÉȧ*�șȠɔʁɮɾȫ THF ɂNȍȾȨʆ6ȦȭɔʁɮɾȫȎȋȦ�ľÀŌ

ǀȮŖȚȪȏȣȠʇ4ň�FȭɮɿʃɢŎȫÈ¶șȠɔʁɮɾȭǞȘȮ 92–151 mgȭŻuȧȊȣȠʇ

Ȟȿȟȿȭɔʁɮɾȫ 254 nm ȭįǦȭ4ɂ 1 ïǨʆȵȠȮ 3 ïǨň�șȠȭȢʆTHF ɂNȍȾȨʆ

�ľÀȭŌǀȐŖȚȠʇøȹ�ȓȭ�ľÀŌǀȐŖȚȠȹȭȮʆ[PPC]:[PCiEC]=66:42 ȭɔʁɮɾ

ȫ 3 ïǨ4ň�șȠïȫʆ4ň�FȫĠȲȦ 1.5%ȭ�ľÀŌǀȐŖȚȠʇȩȭɔʁɮɾȭ�cȹ

\¾ïǨ 1 ïǨȨ 3 ïǨȧŖȚȠ�ľÀŌǀȭKcȮ 1%F¹Ȩ!ȋKcȧȊȽʆň�ïǨɂǦȓ

șȦȹ�ľÀŌǀȭKcȮȳȨɃȩ�NșȪȏȣȠʇ4\¾Ȯʆ4ȐǍǓșȪȋXȶȭȊȾŌǀȧ

Ȯʆ4ȫöǸȘȿȦȋȾƥǺȧșȏ\¾ȧȑȪȋʇ�rĽ0șȠɔʁɮɾȮʆąŎȫÈ¶șȦȎȽʆ

4ň�șȦȹɔʁɮɾȭƥǺȡȕȐ4\¾ȫȻȽĉėȘȿʆɩɾɏȭǙ>Ȯ4ȐǍǓșȪȋȠȸ\

¾ȐȳȨɃȩǑƤșȪȏȣȠȭȧȮȪȋȏȨƑȍȼȿȾʇ4\¾ȫȻȾĉėǙ ȭKcɂ�Ⱥșʆ�

ľÀŌǀȭKcɂ�ȺțȠȸȫȮʆɔʁɮɾȭƥǺűɂ�ȑȓțȾ½ƩȐȊȾȨƑȍȼȿȾʇ 
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Table 4-3. Light irradiation to copolymer plate. a 

run [PPC]:[PCiEC] weight 

(mg) 

time 

(h) 

insoluble 

(mg) (%yield) 

1 3 : 31 –b 

130 

151 

– 

1 

3 

0 (0) 

0.5 (0.4) 

1.3 (0.9) 

2 9 : 36 – 

121 

139 

– 

1 

3 

0 (0) 

0.7 (0.6) 

1.2 (0.9) 

3 27 : 41  

92 

96 

 

1 

3 

0 (0) 

0.5 (0.5) 

1.0 (1.0) 

4 66 : 42 – 

102 

114 

– 

1 

3 

0 (0) 

0.8 (0.8) 

1.7 (1.5) 

(a) Hg lamp, 6 W, l = 254 nm. (b) The samples were stocked in the dark. 

 

  



 46 

I 3 J  MV  

CO2Śă PPC ɂĉėȘȝȾȠȸȫ.ǥȫ4\¾À~ȧȊȾɕʁɤɸɆɾ~ɂ�5șȠ PPC ɂƳ

ƱșȠʇȮȚȸȫʆCO2 Ȩ GC ȭ��7ǞcɂƯ�țȾǡ£Ǥ"ȭÕƅɂƤȣȠʇǡ£Ǥ"ȨșȦʆ

CO2 ȨɮʀɫɿʁɊɍɕɣȭ��7Ǟcȫ$ŘȘȿȾ(TPP)CoClʆ(salcy)CoOBzF5ʆZnGA ɂǘÍș

ȠʇȞȿȟȿ CO2 Ȩ PO ȭ��7ǞcȫøǗSȘȿȠ\¾Ă�ȫȎȋȦʆPO ȭ�ɁȽȫ GC ɂ$

ŘșȠ\¾ƀȧ�ȃɂƤȣȠʇȞȭƊćʆ(TPP)CoCl Ȑ CO2 Ȩ GC ȭ��7ǞcɂƯ�șʆIŖÈ

ŌȧȊȾŕŎɋɾɲɤʃɢȭŖÈǠȐ ȪȋƯ�ȧȊȾȖȨȐɁȏȣȠʇęȫʆ(TPP)CoCl ɂƯ�ȫ

ŘȋȦ CO2ʆPOʆGC ȭ�27Ǟc\¾ɂƤȣȠʇPO Ȩ GC ȭ@üŁ¯ɂ�ȍȾȖȨȧ PPC ɺɥɟ

ɢȨ PCiEC ɺɥɟɢɂgȷ�27Ǟc"ɂcÈșȠʇø¹ȫʆ»ȼȿȠ�27Ǟc"ȭ4\¾ÀȨ

4\¾¹ȭľ�ȱȭľƮÀȫȤȋȦƴ'șȠʇ�27Ǟc"ȫɨʁɡɅ| UV ɼʁɮʄl = 254 nmʆ

6 Wʅɂ$ŘșȦ4ň�ɂƤȣȠʇ4ň�¹ȭɳɽɴʃȫ THF ɂNȍȾȨʆ�ľÀŌǀȐŖȚȠʇȖ

ȭƊćȮʆ4\¾ȫȻȽɕʁɤɸɆɾ~Ȑ�ǠSțȾȖȨȧƌšŎēǏɂ¶ÈșʆaľÀȭɳɽɋɾ

ɲɤʃɢɂ�ľÀȫ�ÙȧȑȠʇ 
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I 5 G N* 

 

ŷ 2 ŵȧȮʆCO2 ȨGŢȧ¦ȅȋɄɾɍɾƐÙ~ɂúțȾþŶɉɳɍɕɣȨȭ��7ǞcȫȻȽ

>�Ǡ>©ȭŐȋ��7Ǟc"ɂcÈșȠʇPAdEC ɂǮȓɳɽɴʃȭǞc¯Ȯ 142 ȏȼ 240 ȭǨ

ȧȊȣȠʇ�rȭǞcȭĂ�ȮʆʄTPPʅCoClƯ�ȫȻȾ CO2Ȩ POȭ7ǞcȫøǗSȘȿȠĂ�ȧ

�ȃɂƤȣȠʇɉɳɍɕɣȭ.ǥȭ¦ȅȘȐ�țȫȤȿȦǦȋ\¾ïǨȐ½ƩȫȪȣȦȋȾȻȌȫ

ƪȍȾȐʆ\¾ȭĹ¯Ⱥ CO2 xɂ�ȍȾȖȨȧʆ\¾ïǨȭťƏȮaƖȫȪȾȧȊɀȌʇDSC ĺ�

ȭƊćȮ.ǥȭɄɾɍɾ~ȐGŢȧ¦ȅȋȳȩ TgȐȅȓȪȾȖȨɂũșȠʇȞșȦʆPAdEC ȭ TgȮ

157.5 °C ȧȊȽʆȖȭ,ȮʆCO2 ȨþŶɉɳɍɕɣȨȭ7ǞcȧcÈȘȿȠɳɽɋɾɲɤʃɢȭ�ȧø

ȹȅȋ,ȧȊȾʇ 

ŷ 3 ŵȧȮʆCO2 Ȩɉɫɨʀɪɣɽʁȭ��7Ǟc"ȭcÈɂƵȶȠʇɉɫɨʀɪɣɽʁȨșȦ ECH

ȵȠȮ EBH ɂŘȋȠʇɓɸɧɴʃȫ ECH ɂ$ŘțȾȨ ZnGA ȫƯ�ȘȿȾ CO2 Ȩȭ7Ǟc\¾Ȑ

ǑƤțȾȖȨȐɁȏȣȠʇƋȓȅ>�\¾�ȫþŶ~ȏȼȭƮǞcȐǑƤșȪȋȻȌȫțȾȠȸȫʆ

»ȼȿȠɳɽʄʄɏʀʀɷɞɾʅɉɞɿʁɋɾɲɤʃɢʅȭþŶ~ɂɫɩɾǜɏʀɽɣȧɉʁɣɍɹɟɫʁɐ

șȠʇCl ~ȻȽȹƘǴƖȭ�ȑȋ Br~ɂúțȾ EBH Ȩȭ7ǞcȮǑƤșȪȋȖȨȐɁȏȣȠʇ 

ŷ 4 ŵȧȮʆCO2Śă PPC ɂĉėȘȝȾȠȸȫ.ǥȫ4\¾À~ȧȊȾɕʁɤɸɆɾ~ɂ�5

șȠ PPC ɂƳƱșȠʇȮȚȸȫʆCO2 Ȩ GC ȭ��7ǞcɂƯ�țȾǡ£Ǥ"ȭÕƅɂƤȣȠʇǡ

£Ǥ"ȨșȦʆCO2ȨɮʀɫɿʁɊɍɕɣȭ��7Ǟcȫ$ŘȘȿȾ(TPP)CoClʆrac-(salcy)CoOBzF5ʆ

ZnGA ɂǘÍșȠʇȞȿȟȿ CO2 Ȩ PO ȭ��7ǞcȫøǗSȘȿȠ\¾Ă�ȫȎȋȦʆPO ȭ�

ɁȽȫ GC ɂ$ŘșȠ\¾ƀȧ�ȃɂƤȣȠʇȞȭƊćʆ(TPP)CoCl Ȑ CO2 Ȩ GC ȭ��7Ǟcɂ

Ư�șʆIŖÈŌȧȊȾŕŎɋɾɲɤʃɢȭŖÈǠȐ ȪȋƯ�ȧȊȾȖȨȐɁȏȣȠʇęȫʆ

(TPP)CoCl ɂƯ�ȫŘȋȦ CO2ʆPOʆGC ȭ�27Ǟc\¾ɂƤȣȠʇPO Ȩ GC ȭ@üŁ¯ɂ�

ȍȾȖȨȧ PPC ɺɥɟɢȨ PCiEC ɺɥɟɢɂgȷ�27Ǟc"ɂcÈșȠʇø¹ȫʆ»ȼȿȠ�27

Ǟc"ȭ4\¾ÀȨ4\¾¹ȭľ�ȱȭľƮÀȫȤȋȦƴ'șȠʇ�27Ǟc"ȫɨʁɡɅ|

UV ɼʁɮʄl = 254 nmʆ6 Wʅɂ$ŘșȦ4ň�ɂƤȣȠʇ4ň�¹ȭɳɽɴʃȫ THF ɂNȍȾȨʆ

�ľÀŌǀȐŖȚȠʇȖȭƊćȮʆ4\¾ȫȻȽɕʁɤɸɆɾ~Ȑ�ǠSțȾȖȨȧƌšŎēǏɂ

¶ÈșʆaľÀȭɳɽɋɾɲɤʃɢɂ�ľÀȫ�ÙȧȑȠʇ 

ÿƹáȧȮ CO2Ȩȭ��7ǞcȭɓɸɧɴʃȫþŶɉɳɍɕɣɂŘȋȦʆȅȋ Tgʆ\¾À~ɂú

țȾʆȵȠȮ�ľÀȭ CO2ŚăɳɽɋɾɲɤʃɢɂcÈșʆȞȿȼȭŌÀȫȤȋȦ�ișȠʇ 
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I 6 G �e 

 

6-1 ;�  

NMRɗɰɏɢɾȮCDCl3ɂľ�ȫ$ŘșȦBruker DPX-400 spectrometerʄ400 MHz for 1H, 100 MHz 

for 13Cʆ 30 °CʅȫȦĺ�șȠʇS � ɕ ɬ ɢ Ȯ tetramethylsilaneʄd 0.00ppm for 1HʅʆȵȠȮ

chloroform ʄd 77.0ppm for 13Cʅɂ~ĽȫĦȸȠ.ǂ�h]ʄIRʅɗɰɏɢɾȮʆNaCl plate�ȫƵã

ȭCHCl3ľĶȏȼcast filmɂ#ÈșʆJASCO spectrometer FT/IR-4100ȫȦĺ�șȠʇGel permeation 

chromatography (GPC)ĺ�Ȯʆ2ÿȭTSKgel SuperMultiporeHZ-H columnsʆrefractive index (RI)

Đ=pʆUVĐ=pɂ^Ƚ�ȕȠTosoh model HLC-8220 high-speed liquid chromatographyȫȦĺ

�șȠʄľǴĶʉTHFʆĲǎʉ0.35 mL min–1ʆ40 °Cʅʇ>�ǠȭĐǠƎȮĕĽɳɽɗɞɿʁʄMw

ʄMw/Mnʅʉ1.90 x 105 (1.04), 3.79 x 104 (1.01), 1.81 x 104 (1.01), 9.1 x 103 (1.02), 5.97 x 103 (1.02)ʅ

ɂ$ŘșȦ#ÈșȠʇũ¨ǃĊŉǠʄDSCʅĺ�ȮMettler-Toledo DSC 3 analyzerɂ$ŘșȦʆìĹ

ȎȻȰǫĹǎ¯10 °C min–1ȫȦĺ�șȠʇTgȮsecond heating scanȧƭĺșȠʇ 

 

6-2 WS  

CO2 Ȯǁ5șȠȹȭɂſƨȝȜȫʆɮʀɫɿʁɊɍɕɣȮ CaH ȧ�ŋȘȝƠśșȠȹȭɂ$ŘșȠʇ

ʄTPPʅCoCl4nʆrac-ʄsalcyʅCoOBzF5
4rʆZnGA4iʆ tBuEO21ʆGC22Ȯé�ȫºȋcÈșȠʇCyEOʆexo-

NBEOʆAdEO Ȯ Promerus, LLC ȏȼØ&ȘȿȠȹȭɂ$ŘșȠʇECHʆEBH Ȯǁ5șȠȹȭɂ$Ř

șȠʇ 
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6-3 fj~��\F:$w0lu CO2A4��}��� �q�)¡I 2 G¢ 

6-3-1 CO2o|����q�`�  

ɗɠʁɿɗƨɊʃɢɏɿʃɭʄ150 mLʅȫ(TPP)CoCl (0.05 mmol)Ȩ DMAP (0.0375 mmol)ɂNȍʆų

ƄǶuĢ�ȫșȠʇȞȖȫʆCH2Cl2 (3.0 mL)Ȩɉɳɍɕɣ(25 mmol)ɂɕɽʁɖɂ$ŘșȦNȍʆCO2

ʄ5.0 MPaʅɂx5șȠʇ40 °C ȫƳ�șȠɊɆɾɩɗ�ȧÉ�ȭïǨÚÎșȠȭȢʆ\¾�pɂ;W

șʆǓJȪ CO2ɂǮZșȠʇ\¾ķcŌȫ CHCl3 (3 mL for PO, 6 mL for CyEO and tBuEO, 12 mL 

for exo-NBEO, and 25 mL for AdEO)ɂNȍȦľĶŎȫșʆȞȭľĶɂ CH3OHȫNȍȾȖȨȧǞc

\¾ɂ-ĚȘƕʆĩĞșȦȋȾŖÈŌɂr]șȠʇ»ȼȿȠŖÈŌɂĸx�ŋșʆɳɽɴʃēǏɂƸ

ȲȾȠȸȫ 1H NMRʆIR ɗɰɏɢɾĺ�ɂʆMn Ȩ Mw/MnɂĨ�țȾȠȸȫ GPC ĺ�ɂʆTgɂƭĺț

ȾȠȸȫ DSC ĺ�ɂȎȖȪȣȠʇ 

 

Poly(propylene carbonate) 

Viscous purple solid, 1.20 g, 37.0% yield. 1H NMR (400 MHz, CDCl3) d: 1.33 (d, J = 6.4 Hz, 3H, 

CH3), 4.1–4.3 (m, 2H, CH2), 5.01 (br, 1H, CH). 13C NMR (100 MHz, CDCl3) d: 16 (CH3), 69 (CH2), 

72 (CH), 154 (C=O). IR (cast film, cm–1) n: 1747 (stretching vibration of carbonate C=O). Mn (GPC) 

= 18900, Mw/Mn = 1.22. 

 

Poly(cyclohexylethylene carbonate) 

Brown powder, 2.40 g, 56.3% yield. 1H NMR (400 MHz, CDCl3) d: 1.0–1.4 (m, 5H, cyclohexyl-H), 

1.6–1.9 (m, 6H, cyclohexyl-H), 4.1–4.4 (m, 2H, CH2), 4.76 (br, 1H, CH). 13C NMR (100 MHz, CDCl3) 

d: 26 (cyclohexyl-CH2), 28 (cyclohexyl-CH2), 38 (cyclohexyl-CH), 67 (CH2), 80 (CH), 154 (C=O). 

IR (cast film, cm–1) n: 1747 (stretching vibration of carbonate C=O). Mn (GPC) = 27800, Mw/Mn = 

1.20. 

 

Poly(tert-butylethylene carbonate) 

Brown powder, 1.85 g, 50.5% yield. 1H NMR (400 MHz, CDCl3) d: 0.97 (d, J = 6.0 Hz, 9H, CH3), 

3.9–4.5 (m, 2H, CH2), 4.78 (br, 1H, CH). 13C NMR (100 MHz, CDCl3) d: 26 (CH3), 34 (quaternary-

C), 67 (CH2), 82 (CH), 155 (C=O). IR (cast film, cm–1) n: 1749 (stretching vibration of carbonate 

C=O). Mn (GPC) = 34600, Mw/Mn = 1.14. 
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Poly(2-norbornylethylene carbonate) 

Brown powder, 3.23 g, 80.8% yield. 1H NMR (400 MHz, CDCl3) d: 1.1–1.6 (m, 8H, norbornyl-CH2), 

1.6–1.7 (br, 1H, norbornyl-CH), 2.1–2.3 (m, 2H, norbornyl-CH), 3.9–4.5 (m, 2H, CH2), 4.5–4.8 (m, 

1H, CH). 13C NMR (100 MHz, CDCl3) d: 28 (norbornyl-C), 30 (norbornyl-C), 34 (norbornyl-C), 35 

(norbornyl-C), 36 (norbornyl-C), 37 (norbornyl-C), 39 (norbornyl-C), 42 (norbornyl-C), 67 (CH2), 

79 (CH), 155 (C=O). IR (cast film, cm–1) n: 1748 (stretching vibration of carbonate C=O). Mn (GPC) 

= 25800, Mw/Mn = 1.20. 

 

Poly(1-damantylethylene carbonate) 

Brown powder, 3.80 g, 68.3% yield. 1H NMR (400 MHz, CDCl3) d: 1.5–1.8 (m, 12H, adamantyl-

CH2), 1.9–2.1 (br, 3H, adamantyl-CH), 3.9–4.5 (m, 2H, CH2), 4.5–4.7 (m, 1H, CH). 13C NMR (100 

MHz, CDCl3) d: 28 (adamantyl-CH), 36 (adamantyl-C), 37 (adamantyl-CH2), 38 (adamantyl-CH2), 

66 (CH2), 83 (CH), 155 (C=O). IR (cast film, cm–1) n: 1749 (stretching vibration of carbonate C=O). 

Mn (GPC) = 9300, Mw/Mn = 1.42. 
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6-4 CO2o|�������q���`�¡I 3 G¢ 

6-4-1 CO2o|�������q���`�  

ɗɠʁɿɗƨɊʃɢɏɿʃɭʄ150 mLʅȫ ZnGAʄ1.00 gʅɂ5ȿʆųƄǶuĢ�ȫșȠʇȞȖȫ 

Ƙģ ECHʄ4.0 mLʆ51.1 mmolʅȵȠȮ EBHʄ4.2mLʆ51.2 mmolʅɂNȍʆCO2ʄ5.0 MPaʅɂx5șʆ

60 °C ȫƳ�șȠɊɆɾɩɗ�ȧÚÎșȠʇÚÎïǨ 1 êʆ3 ê¹ȫ 1H NMRʆGPC ɂĺ�șȠʇ 

 

Poly((chloromethyl)ethylene carbonate) 

1H NMR (400 MHz, CDCl3) d: 3.5–3.9 (m, 2H, CH2Cl), 4.2–4.5 (m, 2H, CH2), 5.0–5.2 (m, 1H, CH). 

Mn (GPC) = 3500, Mw/Mn = 3.19. 

 

6-4-2 ��¡¡������¢|���}��� �¢q|���������&  

ɗɠʁɿɗƨɊʃɢɏɿʃɭʄ500 mLʅȫ ZnGAʄ10.0 gʅɂ5ȿʆųƄǶuĢ�ȫșȠʇȞȖȫƘģ

ECHʄ40.0 mLʆ511 mmolʅɂNȍʆCO2ʄ5.0 MPaʅɂx5șʆ60 °C ȫƳ�șȠɊɆɾɩɗ�ȧ 4 ê

ǨÚÎșȠʇ\¾ķcŌȫ CHCl3 ɂNȍʆ�Ȥ`ɤɗɬɼɗɓʄ500 mLʅȫľĶɂŮșȠȭȢʆľĶ

ɂŁƏșʆ�ŋȘȝȠʇȞȖȫƘģ CH2Cl2ʄ100 mLʅɂNȍȦŖÈŌɂľȏșʆĤĳ�ȧɫɩɾǜɏ

ʀɽɣʄ40 mLʅɂ 30>ǨȏȕȦĿ�șȠʇ\¾ƀɂ�Ĺȧ�ñÚÎșȠȭȢʆĤĳ�ȧ CH3OHʄ200 

mL ɂNȍȠʅʇ\¾ƀɂŁƏșʆCHCl3 ɂNȍȦľƮșʆľĶɂ CH3OH ȫİȔȖȨȧ»ȼȿȠĩĞ

ɂr]șȠʇŖÈŌɂ�ŋȘȝȾȖȨȧŞƜv"ʄ27.3 gʅɂ»ȠʇŖÈŌɂ GPC ȎȻȰ 1H NMR ɗ

ɰɏɢɾȧĺ�șȠʇ 

 

a,w-Di-tert-butyl poly((chloromethyl)ethylene carbonate) 

1H NMR (400 MHz, CDCl3) d: 1.22 (s, 18H, CH3) 3.5–3.9 (m, 2H/unit, CH2Cl), 4.2–4.6 (m, 2H/unit, 

CH2), 4.9–5.2 (m, 1H/unit, CH). Mn (GPC) = 7200, Mw/Mn = 2.21. 
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6-5 ����z��w��km�������}��� �q�)o
�&psu68¡I 4 G¢ 

6-5-1 (TPP)CoCl psu CO2o GCq���`�  

�ű 150 mLȭɗɠʁɿɗƨɊʃɢɏɿʃɭȫ(TPP)CoClʄ33.5 mg, 0.0474 mmolʅȨ DMAPʄ4.3 mg, 

0.036 mmolʅɂNȍʆ�pȭ�ɂųƄȧĻȠșȠʇȞȖȫ GCʄ4.0 mL, 23 mmolʅɂNȍ CO2ɂx5

șʄ5.0 MPaʅʆ40 °C ȧÚÎșȠʇÚÎïǨ 24 ïǨʆ48 ïǨȭɔʁɮɾɂ IRʆ1H NMRʆGPC ĺ�

ȫȻȽ>ĆșȠʇ 

 

6-5-2 rac-(salcy)CoOBzF5psu CO2o GCq���`�  

�ű 150 mL ȭɗɠʁɿɗƨɊʃɢɏɿʃɭȫ rac-(salcy)CoOBzF5ʄ9.8 mg, 0.012 mmolʅȨ(PPN)Cl

ʄ6.9 mg, 0.012 mmolʅɂNȍʆ�pȭ�ɂųƄȧĻȠșȠʇȞȖȫ GCʄ4.0 mL, 23 mmolʅɂNȍ CO2

ɂx5șʄ1.3 MPaʅʆ25 °CȧÚÎșȠʇÚÎïǨ 24ïǨʆ48ïǨȭɔʁɮɾɂ IRʆ1H NMRʆGPC

ĺ�ȫȻȽ>ĆșȠʇ 

 

6-5-3 ZnGA CO2o GCq���`�  

�ű 150 mL ȭɗɠʁɿɗƨɊʃɢɏɿʃɭȫ ZnGAʄ200 mgʅɂNȍʆ�pȭ�ɂųƄȧĻȠșȠʇ

ȞȖȫ GCʄ4.0 mL, 23 mmolʅɂNȍ CO2ɂx5șʄ5.0 MPaʅʆ60 °C ȧÚÎșȠʇÚÎïǨ 24 ï

Ǩʆ48 ïǨʆ120 ïǨȭɔʁɮɾɂ IRʆ1H NMR ȫȻȽ>ĆșȠʇ 

 

6-5-4 CO2£PO£GC�	�`��q�)  

�ű 150 mLȭɗɠʁɿɗƨɊʃɢɏɿʃɭȫ(TPP)CoClʄ33.5 mg, 0.0474 mmolʅȨ DMAPʄ4.3 mg, 

0.036 mmolʅɂNȍʆ�pȭ�ɂųƄȧĻȠșȠʇȞȖȫ POʄ0.83 mL, 12 mmolʅȨ GCʄ2.0 mL, 12 

mmolʅɂNȍ CO2 ɂx5șʄ5.0 MPaʅʆ40 °C ȧ 48 ïǨÚÎșȠʇ\¾ķcŌɂɏʀʀɱɾɶȧª

ǝșʆ5%�ǜɷɜɧʃɾľĶʄ10 mLʅɂNȍȦ 30 >ǨÚÎșȠʇ»ȼȿȠľĶɂŁƏșʆɷɜɧʃɾ

ȫİȋȧŖÈŌɂ:ĩĞȘȝȠʇɡɋʁɠʃɕɻʁȫȻȽ�ŀȶɂǮZșʆơƟƜȭv"ʄƁ 6 gʅɂ

r]șȠʇȖȭơƟƜȭv"ɂɕɽɋɒɾɋɾɶɏʀɴɢɐɼɬɅʃʄHexanes/EtOAc = 1/1 to Acetoneʅ

ȫȻȽſƨșȠʇ»ȼȿȠơƟƜžþɂ�ŋȘȝʆ1H NMRʆ13C NMRʆIRʆUV-visʆGPC ĺ�ȫȻȽ

>ĆșȠʇ 
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Poly(propylene carbonate)-co-poly((cinnamoyloxymethyl)ethylene carbonate) (Table 4-2, run 1) 

Pale brown solid, 1.08 g, 18.8% yield. 1H NMR (400 MHz, CDCl3) d: 1.27 (br, CH3), 4.0–4.5 (m, 

CH2), 5.0 (br, PPC-CH), 5.2 (br, PCiEC-CH), 6.42 (d, O(C=O)CH), 7.35 (br, Ph-H), 7.49 (br, Ph-H), 

7.67 (d, Ph–CH=). 13C NMR (100 MHz, CDCl3) d: 16 (CH3), 62 (CH2), 66 (CH2), 69 (CH2), 72 (CH), 

73 (CH), 117 (O(C=O)C=C), 128 (Ph-C), 129 (Ph-C), 131 (Ph-C), 134 (C=C–Ph-C), 146 

(O(C=O)C=C), 154 (O(C=O)O), 166 (O(C=O)C=C). IR (cast film, cm–1) n: 1636 (stretching vibration 

of olefin C=O), 1715 (stretching vibration of ester C=O), 1753 (stretching vibration of carbonate 

C=O). Mn (GPC) = 18600, Mw/Mn = 1.20. 

 

Poly((cinnamoyloxymethyl)ethylene carbonate) (Table 4-2, run 10) 

Pale brown solid, 1.98 g, 32.1% yield. 1H NMR (400 MHz, CDCl3) d: 4.2–4.5 (m, 4H, CH2), 5.2 (br, 

1H, CH), 6.40 (d, 1H, O(C=O)CH=), 7.32 (br, 3H, Ph-H), 7.46 (br, Ph-H), 7.65 (d, Ph–CH=). 13C 

NMR (100 MHz, CDCl3) d: 62 (CH2), 66 (CH2), 73 (CH), 117 (O(C=O)C=C), 128 (Ph-C), 129 (Ph-

C), 130 (Ph-C), 134 (C=C–Ph-C), 146 (O(C=O)C=C), 154 (O(C=O)O), 166 (O(C=O)C=C). Mn (GPC) 

= 16600, Mw/Mn = 1.27. 

 

6-5-5 
=�  

CO2ʆPOʆGC �27Ǟc"ȱȭƆ�4ň�ʉ�27Ǟc"ȱȭ4ň�ȫȮ4ļȫģǣłʄ6 W, 

l = 254 nmʅɂŘȋȠʇƆ�4ȭň�ȫ�Ȍɗɰɏɢɾȭ�SɂƭĺțȾȠȸȫ�27Ǟc"ȭʄiʅ

THF ľĶɂ UV-vis h]ɗɰɏɢɾȧʆʄiiʅCHCl3ľĶɂ NaCl ąȫɍɹɗɢș IR h]ɗɰɏɢɾȧʆ

ʄiiiʅCDCl3 ľĶɂ
1H NMR ɗɰɏɢɾȧĺ�șȠʇʄ3ʅCO2ʆPOʆGC �27Ǟc"ȭȅ>�\¾

ȫȻȾĉėʉɱɟɢɮɿʃɢ�ȧ�27Ǟc"ɂNŉșʆɮɿʃɢŎȫÈ¶șȠʇÈ¶ȘȿȠąŎȭɔ

ʁɮɾʄ32 mgʅȫƆ�4ɂ 160 >Ǩň�șȠʇ4ň�¹ȭɔʁɮɾȫ CHCl3ʄ3 mLʅɂNȍȦ�ñ

ÚÎșȠʇĠǇ�ƽȨșȦ4ň�ȘȿȪȏȣȠɔʁɮɾʄ31 mgʅȫ CHCl3ʄ3 mLʅɂNȍȦÚÎșȠʇ 
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