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Abstract:

The gas phase proton and BF; affinities, PA and BF3A, of seventeen oxygen bases, water (1),
methanol (2), dimethy] ether (3}, oxetane (4), tetrahydrofuran (5), T-oxanorbornene (6), furan (7),
formaldehyde (8), acetaldehyde (8), acetone (10), acrolein (11}, 2-butenal (12}, 3-methyl-2-butenal
{18), 3-buten-2-one (14), methyl formate (15), methyl acetate (18), and methyl propencate (17),
have been determined by geometry optimization of all species at RHF/6-31G* level, addition of
zero point energy corrections at the same level, and correlation energy corrections by single point
calculations up at MP2/6-31G* and MP3/6-31G* levels. The predicted order of Lewis basicity and
BF:A values (in kJ mol™?) at 298 K are the following: 7 (26) < 8 (34) = 1 (46) < 15 (48) = 9 (50)
< 17 (53) = 11 (54) < 10 (58) == 14 (58) = 16 (58) < 12 (B0) < 2 (65) < 13 (66) <= 3 (71) < 8§ (76) =
5(82) = 4 (85). The predicted order of basicity toward H* and PA values (in kJ mol~!) at 298 K
are the following: 7(704) < 1(707) < 8 (713) = 2(766) < B(770) = 15 (784) = § (798} = 11 (803)
= 10 (814) = 16 (822) = 4 (B25) = § (832) = 12 (B35) = 14 (835) = 17 (835) < 6 (848) < 13 (859).
The factors which determine Lewia v Lowrv—Bronsted acidity/basicity are discussed.
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Figure 1. 3RHF/6-31G* optimized geometries of all BF; complexes. Numbers in italics are MP2/6-31G* optimized values.



Tables:

Table 1. Ab Initic Computational Results: Total Energies (Hartrees) and Zero Point Energies (kJ mol™!)

compound RHF ZPE- MP2b= MPab ARd oY, — HY
boron trifluoride, BFy ~323.19549 35.0 —323.77704(—323.778686) —323.77183 11.8(11.6°9
water, HyO, 1 —78.01075 0.3 —T8.18597(—76.19685) —TB 20198 99
1-H* ~76.28934 96.4 —T6,4T383 ~T6.48120 10.1
1-BF; —309,22055 103.8 —3090.90346(—390.90738) —300.09360 20.2
methanol, CHyOH, 2 ~115.04542 145.3 ~1566.34494 —-115.368074 11.3
2-H* ~115.33894 180.1 —~116.64428 —115.66232 12.3
2-BF; -438,24890 188.6 —430.149466 —438.15966 21.7
dimethyl ether, 3 —154.06475 226.2 ~154.50207(— 154.50348) —154.52683 14.0
3-H* ~154.38238 261.8 =154.81814 =154 84098 155
3-BF; =477.27857 269.3 ~478.30923(~478.31229) —47R.32814 25.1
ometane, 4 —-181.80938 246.0¢ ~162.46961 ~162 49776 15.4
4-H~ ~102,23868 283.0¢ —~162.7005% -162 82183 134
4—BF; -515.12927 200.1 -516.28196 -516.30426 24.2
tetrahydrofuran, 5 ~230.97645 330.6 —~D31 66856 —231.70500 15.7
5-H* -231.30799 366.4 -231.80217 232 03205 16.5
5-BF; —554,19474 373.5 ~555.47963 ~B565.51047 268
T-oxanorbornens, 6 —306.67556 365.4 -307.62116 ~307.85908 16.0
6-(E)-H* ~307.00798 400.7 ~B07 94555 —307 88794 0.0 1649
6—{Z)-H* ~307.01205 401.4 ~307.94867 —-307.99179 -10.1 16.9
&6—(Ei~BF; -529.89113 406.8 ~B31.42982 —~631 46205 -5.5 297
8-(21—BF; ~526.88974 405.9 -B31.42736 —631.45962 0.0 282
furan, 7 —228.62521 198.8 ~220.30749(~229.31083) — 228 32443 12.4
7-H* ~228.90596 220.5 22057557 —229.60095 13.8
7—-BF; ~551.82878 236.2 ~553.09658(~553.10181) ~553.10800 26.8
formaldehyde, 8 -113.86633 76.7 -114.16526(~114.16776) -114.17170 10.0
8~-H* ~114.15643 115.0 ~114.44283 -114.45384 10.2
8-BF; —437.07326 117.4 —487 95T30(- 437 96312) —437 95854 22.2
acetaldehyde, 9 =152.91597 157.0 ~153.34455(—153.34682) -153.36033 12.9
8- E)-H* -153.22612 193.4 -155.64291 —153 66385 -2.0 13.4
#—-(Z-H* ~158.22541 193.6 —153.64219 -153.66319 0.0 133
9-(E)-BF; —~476.12621 198.9 —477.14282(-477.14628) —477.15352 —6.4 24.4
8—(Z1—BFy -476.12321 198.9 ~477.14054 —477.15108 0.0 24.4
acetone, 10 ~191.96224 236.1 -192.52181 - 19254672 16.9
10-H+* -192.28784 2713 —192 83560 =182 86635 17.2
10-BF; -515.17371 277.6 -516.32214 ~516.34243 28.0
gerolein, (Z)—-11 —190.75977 174.6 —191.30626 ~181.32500 0.0 14.2
(Z)-11-(E)-H+ —191.08462 211.6 —191.61696 -191,64019 ~14.5 14.4
(Z)=-11-(Z)~H~ =191.07797 2112 —191.61126 ~181.63452 0.0 148
(Z}=-11—(E)~BF; —513.97189 216.4 —515.10646 -515.11818 0.0 25.6
(E-11 —190.76242 174.5 —191.3084%-191.31162) ~181.32746 -6.5 14.2
(Ey-11—(E)-H* ~191.08735 2117 —191.62072 —191.64365 -23.5 14.4
(E)-11-(Z)-H* —191.0B679 211.9 —191.61947 ~191.64260 —20.6 14.4
(E)-11-(E}~EFa ~513.97408 216.4 —616.10817(—515.11219) ~515.12184 =7.0 25.6
(Ey=11-(Z)—BF3 -513.97111 216.8 —516.10698 -515.11832 =0.5 25.5
(E E2-butenal, 12 ~229.80397 253.7 —230.48111 ~230.50880 18.1
12—-E\-H* —230.14065 289.9 —230.80536 —230.83710 18.6
12-(E)~BF; ~553.01800 2056 —654.28312 ~554.30573 20.5
(E}-3-methyl-2-butenal, 13 ~268.83916 8328 —268 64871 —260. 68604 221
13—-(E)-H* -269.18431 868.0 —269,06232 —-270.02279 228
13—(E)-BF; —502.06541 a74.6 —593.45398 ~593.48513 33.6
3-buten-2-one, (E1-14 —220.80591 2536 —230.48324 -250.51171 0.0 18.0
(E)-14—(E)-H* ~230.14089 288.9 —230.80608 —230.83891 0.0 18.8
(Ey-14—(2)-H* —-230.14132 288.9 —230.80590 —230.83896 =01 18.8
(EY14—{E)-BF, -553.01702 294.8 —564.28371 —554.30698 2.4 29.6
(E}y=14-(Z)-BF, -553.01631 2094.4 —B54.28278 —B54.30504 .0 287
(Z1-14 ~229.80631 253.0 —230.48378 -230.51172 0.4 18.1
(Z)-14—(E}=-H* =230.14264 288.1 —230.80658 ~-230.83056 -2.4 19.0
(Z)-14—(Z)—-H* ~250.18742 287.8 —230.80245 —230.83547 +8.1 19.2
(Z)—14-{E)-BFy ~553.01872 294,53 —B64. 28447 ~554.30766 4.6 296
methyl formate, 16 ~227.78042 1774 —228,39295(— 228, 30663) —228,40400 0.0 145
15—(E)-H* ~228,10376 212.3 —D0R 60636 —~228.71248 -18.7 15.4
15-(Z)-H* —~228.09672 212.1 —228.68913 —228.70528 0.0 15.5
15-(E)-BF; ~550.98017 218.1 —B562.18874(—662.19435) ~562.19617 =15.5 26.3
15-(Z1-BF; —550.09553 215.7 -562.18396(—562.18038) —~562.18844 0.0 28.4
methyl acetate, 18 —266.83683 254,88 —D2A7.56965 —~267.50067 18.7
16-(E)-H* —267. 164748 280,17 —~BR7 RATORE ~267.91345 19.7
16-(E)-BF, —590.04881 265.8 ~581.36098 —691.38652 30.2
methyl propenocate, (E)-17 ~304.67977 271.2 —305.52979 —305.55424 0.0 20,2
(E1-17-(E)}-H* —305.01508 305.8 —305.85243 —305.88199 -5.9 214
(E}-17-(E}-BFy —627.88044 3114 ~B26.32840 —~629.34820 =7.0 322
(Z)=17 —804.68087 271.1 =305.53123 —-305.55523 -2.7 20.2
(Z)y-17-(E)-H* —305.01106 305.0 —305.85013 —B05.87948 0.0 209
(Z)=17~(E)-BFy —627.88763 311.0 —R29. 32597 —529.34541 0.0 321

* Zero point energles at RHF/6-31G*. ® Single point caleulation at the RHF/6-81G* geometry. © Numbers in parentheses optimized at
MP2/6-31G*. ¥ Relative energy (MP3/6-31G*/HF/6-31G* + 0.89xZPVE) of isomeric species, in kJ mol-1, * Enthalpy change from 0 K to
208 K (see text).  Reference 19, § Refarence 15,



Table 2. Ab Initio Proton and BF; Affinities (kJ mol™!) of Minimum Energy Structures® at 0 K

proton affinity, PAg BF; affinity, BFsAyg
compound RHF MP2 MP3? RHF Mp2: MP3*

water, HoO, 1 699.4 6976 TOLLTOT) 30.0 46.1(49.8) 44.6(46)
methanol, CH:0H, 2 766.2 755.1 TED.HTEE) 399 64.8 £3.6(85)
dimethy] ether, 3 BO2.4 785.2 T93.3(798) 40.9 TL8(72.00 T0.2(71)
oxetane, 4 832.5(830.1¢ 810.7 B1B.9(825) 56.7 B5.4 B3.7(85)
tetrahydrofuran, 5 838.8(836.8¢ 817.9 B2AT.0(832) 52.8 B82.3 B81.3(82)
T-oxanorbornene, 6-(E) B41.5 B20.4 B32.2(838) 47.0 77.3 76.1(76)
6-(Z) 852.2 831.3 B42.3(848) 44.2 717 706700
furan, 7 7089 878.7 BAB.B(T04) 19.1 29.5(30.2) 28.7(28)
formaldehyde, 8 7277 6948 T06.8({713) 25.0 35.9(38.8) 34.3(34)
acetaldehyde, 9—(E} T82.1 751.1 T64.TITTOH 32.6 48.6(48.2) 50.0050)
8-(Z} 780.0 749.0 T62.7(769) 24.7 43.6 43.5(44)
acetone, 10 B23.7 793.2 BOB.0814) 36.2 55.9 56.9(58)
acrolein, (Z)-11-(E) 820.1 T83.0 T94.8(801) 371 52.1 52.6(53)
(Z1=11={Z) B03.0 T68.4 TB0.2(786) e e €

(E}=11-(E) 820.2 T86.8 T9T.2(803) 36.2 53.3(61.4) 53.1(54)
(E=11—(Z) 818.6 783.4 T94.4(800) 28,6 47.8 46.5(47)
(E.E}2-butenel, 12—-(E} 8519 819.3 829.6(835) 428 59.4 B9.5(80}
(E)-3-methyl-2-butenal, 18—(E) 875.0 A421 B53.00859) 48.5 65.5 65.5(66)
F-buten-2-one, (E1-14—(E) 848.0 816.2 B27.9(833) 34.7 55.0 55.9(56)
(E—14—(Z} 8493 8158 B2T.9(833) 33.9 53.8 §3.6(54)
(Z)—14—(E) 852.0 Bl64 B29.T(B35) 388 56.5 57.7(58)
(Z)=14~{Z) 838.4 BO5.7 819.0(824) e € €

methyl formate, 15—(E) 784.4 T65.6 T79.0(784) 32.4 46.7(45.00 4B.3048)
15-(Z) T76.1 T46.8 TB0.2(766) 25.0 B33.7(34.0 32.B(31}
methyl acetate, 16—(E) B30.6 803.0 B17.1(822) 374 56.9 BT.7T(58)
methyl propencate, (E)—-17—(E) B49.7 Bl6.4 B529.9(835) 35.2 52.0 53.5(53)
{Z1=17~(E)} 8374 BOT.3 B21.3(827T) 258 42.1 43.Bi44)

® Includes AZPE (x0.88). * Values in parentheses are corrected to 298 K uumg 28— H), values from Table 1. For H*, Hy,, — Hy = 6.2
kJ mol~, ref 19, < Values in parentheses are for MP2%6-31G* optimized geometries. Referauce 15; value includes correction for bma aet

superposition error, ¢ Least stable diastereomer, not calculated.
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