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QY B Y =443 715A4E 72 9l= 2-fluorocyclopropanemethanol®} 2-chlorocyclopropanemethanole] tfj 3o
MP2/6-311++G(d,p) 8 3} B3LYP/6-311++G(d,p) 818 © 2 2 25} A4S 23519}, T Bx} 1= 718 o3} conformer
o] A O-HY] =47} FuU C1& 8F51al Qlo] 24243 7t5AS Hol7| &= 3y H---F, H---Cl A 8] 7} van der Waals radii .t} #
A 7}et paAdtolgt B7) AE 1 F WA ¢FY 3 conformer?] A -$7} 71718 H---F, H---Cl A& Holy ¢ 73 5=42Z3
7Fs S Bk a3y oy A7} 5 ~ 7 kI © =7 YERG T Methanol group} Fub Clo| A 2 vif] 21E-S- 3kt uf] dutz] o
2 Qb ko] 71 9%t conformer® th= of| Y 2] 7} 4=t}

ZFH0of: 2-Fluorocyclopropanemethanol, 2-Chlorocyclopropanemethanol, 22} W] 42423}

ABSTRACT. 2-Fluorocyclopropanemethanol and 2-chlorocyclopropanemethanol have been studied with MP2 and B3LYP
methods with 6-311++G(d,p) basis set. The optimized structures show several stable conformers. The most stable conformer
show the possibility of intramolecular hydrogen bonding, but the distance between H---F, or H:--Cl is longer than van der Waals
radii and it may not be strong covalent bonding. Rather the second stable conformer has optimum structure for intramolecular
hydrogen bonding but the energy of the conformer is 5 ~ 7 kJ higher than the most stable conformer. When the methanol group
and the F or Cl atom have opposite direction, the conformers are less stable than the most stable conformer.
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Fig. 1. The stable conformers of 2-fluorocyclopropanemethanol(I).
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Table 1. The optimized structures of 2-fluorocyclopropanemethanol(I)" in the MP2/6-311++G(d,p) calculations.
Conformer
& 1 11 v \Y%
Bond length (A)
C1-C2 1.492 1.495 1.494 1.493 1.491
C1-C3 1.496 1.495 1.494 1.496 1.499
C2-C3 1.528 1.526 1.523 1.532 1.526
C3-C4 1.509 1.501 1.521 1.507 1.501
C1-F5 1.383 1.376 1.387 1.377 1.379
C4-06 1.423 1.427 1.418 1.426 1.429
C1-H7 1.083 1.083 1.083 1.084 1.084
C2-H8 1.085 1.085 1.084 1.086 1.085
C2-H9 1.084 1.084 1.084 1.084 1.084
C3-H10 1.086 1.086 1.088 1.087 1.086
C4-H11 1.097 1.096 1.099 1.096 1.096
C4-H12 1.092 1.098 1.093 1.092 1.098
06-H13 0.962 0.961 0.962 0.962 0.962
Bond angle (deg)
C1-C3-C4 118.5 119.8 121.3 121.0 120.1
C2-C3-C4 118.8 119.0 120.1 118.4 118.2
C2-C1-F5 117.2 116.6 117.6 117.1 117.5
C3-C1-F5 116.8 117.6 117.4 117.9 118.0
C3-C4-06 111.9 107.3 114.4 111.5 107.4
C2-C1-H7 121.0 121.0 121.0 120.6 120.8
C1-C2-H8 1159 115.5 1159 115.2 116.1
C1-C2-H9 118.6 119.1 118.4 118.9 118.9
C1-C3-H10 116.1 116.2 1153 115.9 116.2
C3-C4-Hl11 109.7 109.5 108.9 109.8 107.4
C3-C4-H12 109.9 109.4 108.7 110.4 109.6
C4-06-H13 106.2 107.4 106.9 106.4 107.2
Dihedral angle (deg)’
C1-C3-C4-06 -78.1 -88.2 47.1 151.4 146.3
C2-C3-C4-06 -146.5 -157.4 -23.2 82.3 77.6
F5-C1-C3-C4 -0.3 -1.1 -0.7 0.7 0.9
H7-C1-C3-C4 140.7 140.9 140.3 142.4 142.1
H8-C2-C3-C4 1.7 4.0 42 5.8 3.3
H9-C2-C3-C4 -144.5 -142.1 -141.8 -141.0 -141.8
H10-C3-C4-06 66.0 57.0 -169.0 -61.6 -67.4
C1-C3-C4-H11 455 324 -717.6 27.6 25.5
C1-C3-C4-H12 164.5 151.6 165.0 91.6 -93.5
C3-C4-06-H13 64.0 176.5 -64.3 -55.0 177.9
Energy (a.u) -330.88584 -330.88321 -330.88396 -330.88391 -330.88316
AE (kJ/mol) 0.0 6.9 49 5.1 7.0

“In this molecule the methanol group and F-atom are in same direction. °Atom numbering as given in Fig. 1. “Clock-wise orientation of dihedral

angle is defined to be positive.
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Table 2. The optimized structures of 2-fluorocyclopropanemethanol(I) in the B3LYP/6-311++G(d,p) calculations.

Conformer

| 11 11 v \'%
Bond length (A)
Cl-C2 1.490 1.493 1.492 1.491 1.489
C1-C3 1.497 1.496 1.494 1.496 1.498
C2-C3 1.526 1.524 1.521 1.530 1.524
C3-C4 1.513 1.504 1.525 1.511 1.504
CI1-F5 1.390 1.384 1.398 1.386 1.388
C4-06 1.426 1.430 1.420 1.428 1.432
CI1-H7 1.083 1.083 1.083 1.083 1.083
C2-H8 1.084 1.084 1.084 1.085 1.084
C2-H9 1.083 1.083 1.083 1.083 1.083
C3-H10 1.086 1.086 1.087 1.086 1.086
C4-H11 1.096 1.096 1.098 1.096 1.096
C4-H12 1.092 1.099 1.093 1.092 1.098
06-H13 0.963 0.962 0.964 0.963 0.962
Bond angle (deg)
C1-C3-C4 120.0 121.0 121.7 121.3 120.7
C2-C3-C4 119.5 119.9 120.8 119.7 119.6
C2-C1-F5 117.4 116.8 117.7 117.2 117.6
C3-CI1-F5 117.4 117.9 117.5 118.1 118.2
C3-C4-06 112.5 107.7 114.8 112.2 108.0
C2-C1-H7 121.4 121.5 121.6 121.2 121.4
C1-C2-H8 116.2 115.9 116.2 115.7 116.4
C1-C2-H9 118.8 119.2 118.6 119.0 119.0
C1-C3-H10 115.6 115.7 115.2 115.5 115.7
C3-C4-H11 110.2 110.0 109.0 110.3 110.1
C3-C4-H12 109.8 109.4 108.8 110.2 109.5
C4-06-H13 108.0 108.8 108.3 108.3 108.5
Dihedral angle (deg)
C1-C3-C4-06 -81.8 91.3 46.7 153.7 150.0
C2-C3-C4-06 -150.9 -161.3 -24.0 83.9 80.5
F5-C1-C3-C4 -0.6 -1.7 -13 -0.6 -0.5
H7-C1-C3-C4 140.1 139.8 139.2 140.4 140.1
H8-C2-C3-C4 3.1 4.9 42 5.4 34
H9-C2-C3-C4 -142.8 -141.0 -141.5 -141.1 -141.7
H10-C3-C4-06 62.3 53.4 -170.0 -60.7 -64.9
C1-C3-C4-H11 42.4 29.7 -78.2 293 29.7
C1-C3-C4-H12 160.9 148.6 164.9 -89.4 -89.8
C3-C4-06-H13 66.5 176.1 -63.8 -59.3 177.7
Energy (a.u) -331.76202 -331.75934 -331.76052 -331.76021 -331.75939
AE (kJ/mol) 0.0 7.0 3.9 4.8 6.9
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Table 3. The optimized structures of 2-fluorocyclopropanemethanol(Il)* in the MP2 and B3LYP calculations with 6-311++G(d,p) basis set.

Conformer
I 11 111
MP2 B3LYP MP2 B3LYP MP2 B3LYP
Bond length (A)
Cl-C2 1.493 1.491 1.493 1.491 1.495 1.494
C1-C3 1.495 1.496 1.491 1.491 1.491 1.491
C2-C3 1.526 1.525 1.532 1.530 1.525 1.524
C3-C4 1.505 1.510 1.505 1.509 1.506 1.510
CI1-F5 1.375 1.383 1.374 1.383 1.379 1.388
C4-06 1.424 1.426 1.424 1.426 1.428 1.430
Bond angle (deg)
C1-C3-C4 119.5 120.5 120.5 120.9 120.8 121.6
C2-C3-C4 120.2 120.9 119.5 120.9 121.0 122.2
C2-C1-F5 117.4 117.7 117.3 117.7 117.3 117.6
C3-C1-F5 117.7 117.8 117.4 117.6 117.0 117.2
C3-C4-06 112.3 112.9 112.1 112.7 107.9 108.9
Dihedral angle (deg)
C1-C3-C4-06 -87.5 -88.4 150.2 153.1 35.2 35.6
C2-C3-C4-06 -156.9 -158.5 80.7 82.8 -35.4 -35.8
F5-C1-C3-C4 142.5 141.8 143.7 141.8 141.8 140.5
C3-C4-06-H13 52.5 55.2 -51.2 -54.9 -177.7 -179.6
Energy (a.u) -330.88506 -331.76141 -330.88498 -330.76126 -330.88490 -331.76077
AE (kJ/mol) 0.0 (0.0) 0.2 0.4) 0.4 1.7
*In this molecule the methanol group and F-atom are in opposite direction.
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Fig. 2. The stable conformers of 2-fluorocyclopropanemethanol(II).
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Table 4. The stable conformation of 2-chlorocyclopropanemethanol(I)* in MP2 and B3LYP calculations with 6-311++G(d,p) basis set.

Conformer
I 1I 11

MP2 B3LYP MP2 B3LYP MP2 B3LYP
Bond length (A)
C1-C2 1.501 1.496 1.501 1.497 1.501 1.497
C1-C3 1.504 1.503 1.503 1.501 1.503 1.502
C2-C3 1.519 1.519 1.516 1.515 1.523 1.523
C3-C4 1.509 1.513 1.522 1.525 1.507 1.512
C1-ClI5 1.762 1.794 1.765 1.799 1.758 1.790
C4-06 1.422 1.424 1.418 1.419 1.426 1.428
06-H13 0.963 0.964 0.962 0.964 0.962 0.963
Bond angle (deg)
C1-C3-C4 120.3 121.8 122.4 123.6 122.5 123.1
C2-C3-C4 119.6 120.1 120.8 121.1 119.2 120.3
C2-C1-Cl5 119.4 119.9 120.3 120.8 119.5 120.0
C3-C1-Cl5 119.8 120.6 120.0 121.0 120.8 121.5
C3-C4-06 111.8 112.4 114.8 115.2 111.2 111.8
C4-06-H13 106.1 108.0 106.7 108.5 106.5 108.4
Dihedral angle (deg)
C1-C3-C4-06 -78.7 -81.9 56.7 54.5 155.6 157.4
C2-C3-C4-06 -148.6 -152.4 -14.8 -17.5 85.1 86.3
C15-C1-C3-C4 0.4 0.9 0.7 1.1 1.8 1.0
C3-C4-06-H13 64.1 66.9 -67.7 -71.1 -56.2 -60.5
Energy (a.u) -690.87089 -692.11942 -690.86804 -692.11719 -690.86806 -692.11706
AE (kJ/mol) 0.0 (0.0) 7.5 (5.9) 7.4 (6.2)

*In this molecule the methanol group and Cl-atom are in same direction.
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Fig. 3. The stable conformers of 2-chlorocyclopropanemethanol(I).
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Table 5. The stable conformers of 2-chlorocyclopropanemethanol(Il)* in MP2 and B3LYP calculations with 6-311++G(d,p) basis set.

Conformer
I 11 111
MP2 B3LYP MP2 B3LYP MP2 B3LYP
Bond length (A)
C1-C2 1.501 1.497 1.503 1.499 1.501 1.497
C1-C3 1.503 1.502 1.497 1.469 1.498 1.497
C2-C3 1.517 1.517 1.517 1.517 1.523 1.523
C3-C4 1.505 1.510 1.507 1.511 1.506 1.511
C1-Cl15 1.754 1.785 1.758 1.789 1.754 1.785
C4-06 1.423 1.425 1.427 1.429 1.424 1.426
06-H13 0.962 0.963 0.961 0.961 0.963 0.963
Bond angle (deg)
C1-C3-C4 118.8 119.7 120.1 120.8 119.8 120.1
C2-C3-C4 120.3 120.9 121.0 122.2 119.4 120.9
C2-C1-CI5 119.1 119.9 119.0 119.9 119.0 119.9
C3-C1-Cl5 119.3 120.0 118.8 119.5 119.1 119.9
C3-C4-06 112.3 112.9 108.1 109.1 111.9 112.5
C4-06-H13 106.8 108.6 107.5 109.0 106.5 108.4
Dihedral angle (deg)
C1-C3-C4-06 -86.0 -88.0 359 36.9 151.9 154.3
C2-C3-C4-06 -115.6 -158.1 -349 -34.5 82.2 84.1
CI5-C1-C3-C4 141.0 139.9 140.3 138.4 142.3 139.9
C3-C4-06-H13 52.5 56.0 -179.2 -178.6 -52.6 -56.1
Energy (a.u) -690.86993 -692.11891 -690.86975 -692.11843 -690.86964 -692.11867
AE (kJ/mol) 0.0 (0.0) 0.47 (1.26) 0.76 (0.63)
*In this molecule the methanol group and Cl-atom are in opposite direction.
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Table 6. Rotational constants, dipole moments and vibrational frequencies of the most stable conformers of 2-fluorocyclopropane-
methanol(FCPM-I) and 2-chlorocyclopropanemethanol (CICPM-I).

FCPM (1) CICPM (I)
Rotational costants (GHz)
A 5.61566 3.81338
B 2.79178 2.26293
C 2.15441 1.59579
Dipole moment components (Debye)
Ha -1.8308 -0.8333
Wb -1.3150 2.1181
e -0.3924 0.1236
3824[32], 3175[13], 3087[24] 3818[30], 3085[26]
3022[37], 1481[14], 1426[44] 3021[33], 1427[44]
1402[17], 1380[14], 1237[12] 1398[13], 1313[32]
Vibrational frequencies (cm™) 1218[22], 1134[38], 1066[42] 1238[11], 1154[17]
and intensities 1051[100], 1033[40], 990[17] 1065[18], 1053[106]
942[14], 819[23], 756[17] 1022[23], 830[12]

394[51], 358[79]

644[25], 430[20]
374[91]
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