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Tablel[ Calculated and Measured RS of Cyclic Ethers

RHF (Hartree) Ring Strain (kJ/mol)
Monomer __ Di-Me Calculated” Measured”
EO -152.8741 -306.9957 124.6 114
Ox -1919188 -346.0343 108.3 107
THF -230.9887 -385.0717 23.1 23
THP -270.0331 -424.1097 6.3 3

1) Calculated based on the equations in Scheme 1
2) From reference 6
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Fig.10 Ring-opening reaction diagram of EO-H+ attacked by PO
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Fig.20 AC, TS and DP geometries for the ring-opening reaction of EO-
H+ attacked by PO

oooomTsoooomACibogoooooooooo

goboooboobooboobboooooomesnon
oo 0 0be-0000oooooPoOODO
Oo0O0D00ORSOODOOO0OOTable2d OOODO

Table2[] Ring-opening reaction of protonated cyclic ethers] EO-
H+, OX-H+, THF-H+ and THP-H+Oattacked by PO

RHF Energy Barrier @ Cale. RS Distance
TS AC Hartree  keal/mol  kJ/mol A
EO-H+ -345.1346 -345.1320 0.00258 1.62 124.60 2
OX-H+ -384.1948 -384 1864 0.00839 5.26 108.27 301
THF-H+ -423.2640 -423.2456 001843  11.56 23.08 211
THP-H+ -462.2821 -462.3070 0.02496 15.66 6.25 206
1) Caleulated for TS and AC geometries by RC Analysis
2) Calculated the difference in RHF of TS and AC
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Fig.30 Calculated energy barrier versus the distance betweena-carbon of
protonated ethers and oxygen on PO or RS in ring-opening reaction
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Table3O Calculated PAo, R-PAo, R-ODS and their geometries

RHF PAy R-PA; " R-ODS” C-0-C Angles C-O Length
Hartree kcalimol kcal/mol L Cha.n&t —
TO  -152.87406 5243 T401 1.401
o e BT il HA B da OE oLl
ECH 6508177 o 6223 1400 1.407
ECH.H+ -gsiizgy 10o-28%8  -156687  -00516% so5¢ 447 4o 1519
PO 191919 o 6232 1.404 1.405
po.is 197245 04T 62068 00287 Sy A2 g s
CHO _ -307.8749 o 6241 1.405 1410
CHOH+ 3082177 2119741 10136 00045% 4649 331 155p )53
Ox  -1919188 o 9278 1419 1419
OuHt  -102255) 2110413 00828 008177 op4) 186 15 54
BCMO  -1187.7963 o 9072 1.447 1448
BCMO-H+ 11881220 209515 60070 00045™ o559 002 1559 1519
DM -270.0073 o 9307 1.417 1.433
2 DMO-H+ -2703552 218.2200 72615 0.0436 9030 -2.77 1484 1596
3DMO  -269.9984 92,56 1418 1418
TDMOHe o7pazos SLhiol 2672 NA  oogp = 1sos 1306
THF  -230.9887 B 11125 1.400 1.409
THE.H: 313272 2124M2 L4857 001357 4156 139 407 150
MTHF  -270.0324 5 11152 1410 1413
MTHF-H+ 2703757 2154047 4462 001207 005, 140 1 hp 55
THP  -270.0331 » L13.62 1.401 1.401
F1im e mTL kel OREERS e lGOR RE OB R
DEE  -232.1606 e 11470 1396 1.396
L T e T e
MBE _ -271.1930 T o 11429 1391 1.39
MBEH: 2715267 20o-H05 1380 000157 j97 343 560 1ises
EBE  -310.2362 LIS 1396 1.396
EBE.H: 3105751 2126632 L7046 00015" 41945 310 140) 107
DBE 3883118 o L1481 1396 1.396
DBEL+ _ggs  i-AS1 31565 00075% 5 310 gy ey
DFE  -310.2400 o L1748 1.408 1408
DFEH: 3losgrs CLlaSIE 6al3 002097 ooy 19 (sie 13
DME _ -154.0741 113.584 1392 1.392
DMEH: _-1sioss 200798 71662 NA- 1193 39 14 1
1) Caleulated aceording to the equation in Scheme 2
2) Relative value based on DEE
3) Relative shift value caluculated from expenimental data: a) ref, 8, b) ref. &
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Fig.40 Calculated R-PAo versus prevoiusly reported R-ODS
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Table4[ Ring-opening reaction of EO-H+ attacked by cyclic and

linear ethers
RHF" Energy Barrier”  R-PA; Distance
AC TS Hartree keal/mol _keal/mol A
EQ  -306.0880 -306.0848 000319  2.00 -12.18 2215
PO -345.1346 -345.1320 0.00258 1.62 -6.23 2227
OX  -345.1343  -345.1334  0.00084 0.53 0.08 2.296
3DMO -423.2149 -423.2144 000057 0.36 3.27 2,309
THF -384.2030 -384.2021 0.00086 0.54 1.49 2.303
THP -423.2458 -423.2447 0.00110 0.69 0.95 2.294
DEE -3853675 -3853663 000122 0.77 0.00 Al
DME -307.2847 -307.2826 000211 1.33 -7.17 2.261
DPE  -463 4382 4634375 0.00071 0.45 6.52 2326

1) Calculated for TS and AC geometries by RC Analysis

2) Calculated the difference in RHF of TS and AC
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Fig.50 Calculated R-PAo versus Energy Barrier for the ring-opening
reaction of EO-H+ with cyclic and open-chain ethers
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Table50 Ring-opening reaction of PO-H+] S, E-formOattacked by

cyclic and linear ethers

RHF" Energy Barrier’  R-PA; Distance
AC TS Hartree kcal/mol kcal/mol A
EOQO  -345.1416 -345.1401 0.00145 0.91 -12.18 2488

PO  -384.1882 -384.1870 0.00126  0.79 -6.23 2.497
OX  -384.1873 -384.1869 0.00042 0.26 0.08 2.553
3DMO -462.2679 4622676 0.00026  0.16 3.27 2.559

THF -423.2560 -423,2555 0.00043 0.27 1.49 2,560
THP -462.2994 -462.2982 0.00111 0.70 0.95 2.551
DEE -4244211 4244199 0.00113 0.71 0.00 2,559
DME -346.3384 -346,3368 0.00153 0.96 -7.17 2.536

DPE _ -502.5011 -502.5003 0.00077 _ 0.48 6.52 2.591
1) Calculated for TS and AC geometries by RC Analysis
2) Calculated the difference in RHF of TS and AC
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Fig.600 Calculated R-PAo versus Energy Barrier for the ring-opening
reaction of PO-H4J S, E-formOwith cyclic and open-chain ethers
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Fig.70 Calculated energy barrier versus the distance betweena-carbon of

PO-H+ and attacking oxygen on cyclic ethers in the ring-opening reactions
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the ring-opening reaction of EO-H+ attacked by cyclic ethers
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