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Table S-1. Nuclear coordinates in the principal axis system of 23DMF calculated at the MP2/6-
311++G(d,p) and B3LYP-D3BJ/6-311++G(d,p) levels of theory. The atoms are numbered

according to Figure 1.

MP2/6-311++G(d,p)

B3LYP-D3BJ/6-311++G(d,p)

alA b/A c/A alA b/A c/A
01 1.243934 0.750359 0.000106 1.220931 0.782929 0.000076
C2 —0.121685 0.689216 —0.000012 —0.147486 0.685223 0.000024
C3 —0.539327 —0.622526 —0.000007 —0.520891 —0.627249 —0.000045
C4 0.658776 —1.411778 0.000061 0.703309 —1.385482 0.000292
C5 1.706756 —0.529673 —0.000129 1.719894 —0.486910 —0.000282
Hé6 2.779970 —0.643824 —0.000223 2.792797 —0.573266 —0.000496
H7 0.730906 —2.491107 0.000110 0.796951 —2.460453 0.000514
C8 -—1.957944 —-1.117866 —0.000004 —1.917855 —1.176639 —0.000101
H9 -1.978079 —2.210539 —0.000259 -1.900409 —2.268017 —0.000422
H10 —2.504087 —0.776109 0.885041 —2.480497 —0.858278 0.882512
H11 —-2.504239 —0.775691 —0.884793 —2.480661 —0.857752 —0.882418
C12 —0.849596 1.987074 —0.000030 —0.909244 1.959274 0.000029
H13 —-1.926305 1.800316 —0.000017 —1.980088 1.750800 —0.000007
H14 —0.603407 2.580598 0.886427 —0.678922 2.563273 0.883421
H15 -0.603424 2.580569 —0.886514 —0.678869 2.563302 —0.883329




Table S-2a. Rotational constants of 23DMF (in MHz) predicted at various levels of theory. The

differences between the calculated and the experimental values (in MHz) are given as A4, AB

and AC. X is the sum of the absolute values of A4, AB and AC.

Method/Basis set A AA B AB C AC X

B3LYP-D3/6-31G(d,p) 35709 184 32455 -22.7 1737.0 -1.7 429
B3LYP-D3/6-31+G(d,p) 3564.2 11.7 32399 -282 17339 4.8 44.8
B3LYP-D3/6-31++G(d,p) 3564.2 11.7 3240.0 -282 1733.9 4.8 44.7
B3LYP-D3/6-311G(d,p) 3580.7 28.2 3252.8 —-154 1741.3 2.6 46.2
B3LYP-D3/6-311+G(d,p) 3579.8 27.3 3250.0 -18.2 17404 1.7 47.2
B3LYP-D3/6-311++G(d,p) 3579.8 27.3 3250.0 -18.2 17404 1.7 47.1
B3LYP-D3/6-311G(2d,2p) 3592.3 39.8 3260.6 -7.6 1746.1 7.4 548
B3LYP-D3/6-311+G(2d,2p) 35914 38.9 3258.0 -10.2 17452 6.5 555
B3LYP-D3/6-311++G(2d,2p) 3591.5 39.0 32579 -10.3 17452 6.5 55.7
B3LYP-D3/6-311G(df,pd) 35919 394 32628 54 1746.8 8.1 529
B3LYP-D3/6-311+G(df,pd) 3589.7 37.2 3260.7 7.5 1745.7 7.0 51.6
B3LYP-D3/6-311++G(df,pd) 3589.8 37.3 3260.7 7.5 1745.7 7.0 51.7
B3LYP-D3/6-311G(2df,2pd) 3596.8 44.3 32658 -24 1748.6 99 56.6
B3LYP-D3/6-311+G(2df,2pd) 35953 42.8 32634 4.8 1747.6 89 56.5
B3LYP-D3/6-311++G(2df,2pd) 35954 429 32634 4.8 1747.6 8.9 56.6
B3LYP-D3/6-311G(3df,3pd) 3596.0 43.5 3267.8 -04 1749.1 104 54.2
B3LYP-D3/6-311+G(3df,3pd) 35969 444 32643 -39 1748.3 9.6 578
B3LYP-D3/6-311++G(3df,3pd) 3596.8 44.3 32643 3.8 1748.3 9.6 57.7
B3LYP-D3/cc-pVDZ 3565.0 12.5 32363 -31.9 17334 -53 49.7
B3LYP-D3/aug-cc-pVDZ 35659 134 3233.7 345 17328 -59 538
B3LYP-D3/cc-pVTZ 35945 42.0 32640 42 1747.6 89 551
B3LYP-D3/aug-cc-pVTZ 35943 41.8 3263.2 5.0 1747.3 8.6 554
B3LYP-D3BJ/6-31G(d,p) 3569.1 16.6 3247.0 -21.2 17369 -1.8 39.6
B3LYP-D3BJ/6-31+G(d.p) 3562.5 10.0 32415 -26.7 17339 4.8 41.5
B3LYP-D3BJ/6-31++G(d,p) 3562.4 99 32415 -26.7 17339 48 414
B3LYP-D3BJ/6-311G(d,p) 3579.8 27.3 3253.7 -145 17414 27 444
B3LYP-D3BJ/6-311+G(d,p) 3576.8 24.3 3251.7 -164 1740.1 1.4 42.1
B3LYP-D3BJ/6-311++G(d,p) 3576.8 24.3 3251.7 -164 1740.1 1.4 42.1
B3LYP-D3BJ/6-311G(2d,2p) 3590.2 37.7 3261.8 64 17459 72 513
B3LYP-D3BJ/6-311+G(2d,2p) 3589.4 369 32592 -89 17450 63 522
B3LYP-D3BJ/6-311++G(2d,2p) 3589.5 37.0 32592 -9.0 17450 63 524
B3LYP-D3BJ/6-311G(df,pd) 3589.9 374 32639 43 17466 79 49.6
B3LYP-D3BJ/6-311+G(df,pd) 3587.6 35.1 32620 -6.2 17455 6.8 48.1
B3LYP-D3BJ/6-311++G(df,pd) 3587.8 353 32620 62 17455 6.8 483
B3LYP-D3BJ/6-311G(2df,2pd) 35947 42.1 3267.0 -12 17485 9.8 53.1
B3LYP-D3BJ/6-311+G(2df,2pd) 35933 40.8 3264.6 -3.6 17475 8.8 53.1
B3LYP-D3BJ/6-311++G(2df,2pd) 35933 40.8 3264.6 -3.6 17475 8.8 532
B3LYP-D3BJ/6-311G(3df,3pd) 3593.8 41.3 32690 0.8 17489 10.2 523
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MO06-2X-D3/6-311+G(2df,2pd) 36247 722 3273.7 5.5 17575 18.8 96.5
M06-2X-D3/6-311++G(2df,2pd) 36247 722 3273.6 5.5 17575 18.8 96.5

M06-2X-D3/6-311G(3df,3pd) 3625.2  72.6 3277.2 9.0 17587 20.0 101.7
M06-2X-D3/6-311+G(3df,3pd) 3626.0 73.5 32744 6.2 1758.0 193 99.0
M06-2X-D3/6-311++G(3df,3pd) 36259 734 32743 6.2 17580 19.3 989
M06-2X-D3/cc-pVDZ 35944 419 32554 -12.8 17458 7.1 61.7
M06-2X-D3/aug-cc-pVDZ 3597.4 449 32517 -16.5 17454 6.7 68.0
M06-2X-D3/cc-pVTZ 36244 719 3273.8 5.6 17575 18.8 96.2
MO06-2X-D3/aug-cc-pVTZ 3625.1 72.6 32733 5.1 17575 18.8 96.5
MN15/6-31G(d,p) 3599.8 47.3 32504 -17.8 1745.2 6.5 71.6
MN15/6-31+G(d,p) 3590.1 37.6 32469 -213 17420 33 623
MN15/6-31++G(d,p) 3590.2 37.7 3246.8 -21.4 17420 33 624
MN15/6-311G(d,p) 36159 634 32592 -9.0 17515 12.8 852
MN15/6-311+G(d,p) 36139 614 32573 -10.9 1750.5 11.7 84.1
MN15/6-311++G(d,p) 36142 61.7 32572 -11.0 1750.5 11.8 84.5
MN15/6-311G(2d,2p) 3626.1 73.6 32643 -39 17551 164 939
MN15/6-311+G(2d,2p) 36243 71.8 3262.6 5.6 17542 155 929
MN15/6-311++G(2d,2p) 36246 72.1 32625 5.7 17543 156 933
MN15/6-311G(df,pd) 36284 759 3269.9 1.7 17574 18.7 96.3
MN15/6-311+G(df,pd) 3627.1 74.6 32674 -0.8 17563 17.6 93.0
MN15/6-311G(2df,2pd) 3632.0 794 32689 0.8 1757.8 19.1 993
MN15/6-311+G(2df,2pd) 36299 774 32674 -0.8 17569 182 964
MN15/6-311++G(2df,2pd) 3630.2  77.7 32673 0.9 17569 182 96.8
MN15/6-311G(3df,3pd) 36343 81.8 3271.6 3.4 1759.1 204 105.6
MN15/6-311+G(3df,3pd) 3634.6 82.1 3268.5 0.3 17583 19.6 102.0
MN15/6-311++G(3df,3pd) 36347 82.1 3268.5 0.3 17583 19.6 102.1
MN15/cc-pVDZ 3596.6 44.1 32450 232 17432 45 718
MN15/aug-cc-pVDZ 3600.7 48.2 32423 -259 17434 47 788
MN15/ce-pVTZ 3631.8 79.3 3267.7 0.5 17574 187 985
MN15/aug-cc-pVTZ 3633.0 80.5 32690 0.8 1758.1 19.4 100.8
MP2/6-31G(d,p) 35659 134 32573 -10.9 1739.0 03 24.6
MP2/6-31+G(d,p) 35577 5.2 32480 -20.2 17345 42 29.7
MP2/6-31++G(d,p) 35584 5.9 32474 -20.8 17345 4.2 30.8
MP2/6-311G(d,p) 3573.0 20.5 3248.0 -20.2 17384 0.4 41.1
MP2/6-311+G(d,p) 3567.1 14.5 32439 243 17358 29 41.7
MP2/6-311++G(d,p) 3567.1 14.5 32439 243 17358 29 41.7
MP2/6-311G(2d,2p) 3589.4 369 32554 -12.8 1743.8 5.1 54.8
MP2/6-311+G(2d,2p) 35854 329 32524 -15.8 1742.1 34 520
MP2/6-311++G(2d,2p) 3585.6  33.1 32522 -159 1742.1 34 525
MP2/6-311G(df,pd) 3599.2  46.7 3268.8 0.6 17503 11.6 58.9
MP2/6-311+G(df,pd) 35929 404 3265.1 3.1 17478 9.1 52.7
MP2/6-311++G(df,pd) 35934 409 32649 33 17479 92 534
MP2/6-311G(2df,2pd) 3604.7 522 32727 45 17525 13.8 70.5




MP2/6-311+G(2df,2pd)
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3546.6
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-24.6
-25.3

—44.1
—48.9
—49.0
-35.8
-38.2
-38.2
-29.5
-31.9
-32.0
—26.6
-29.1
-24.9
—27.2
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1750.6
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1749.4
1724.4
1717.7
1748.5
1747.2

1722.5
1719.5
1719.5
1727.5
1726.3
1726.3
1730.9
1730.0
1730.0
1732.4
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1733.5
1732.5
1732.5
1734.2
1733.4
1733.4
1720.1
1719.1
1732.4
1732.1
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1720.4
1720.4
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1727.2
1731.9
1731.0
1731.0
1733.3
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1733.5

11.9
11.9
12.1
10.7
10.7
-14.3
-21.0
9.8
8.4

-16.2
-19.2
-19.2
—-11.2
-12.4
-12.4
7.8
—8.7
—8.7
—6.3
7.4
-5.2
—6.2
—6.2
—4.6
=53
=53
-18.6
-19.6
—6.3
—6.7

-15.3
-18.3
-18.3
-10.3
—-11.5
—-11.5
—6.8
=1.7
=1.7
-S54
—6.5
—4.2
-5.3

61.1
61.2
61.3
55.2
55.1
69.8
102.5
56.2
53.6

79.5
94.7
94.6
55.1
61.0
60.9
37.5
41.8
41.8
31.2
36.3
31.6
33.4
323
28.3
33.8
33.8
92.1
96.4
31.1
323

74.2
89.4
89.3
49.8
55.7
55.6
40.4
42.7
42.8
38.1
40.0
38.5
40.4




PBEO0-D3/6-311++G(2df,2pd) 3560.4 7.9 32409 -273 17335 52 404
PBEO0-D3/6-311G(3df,3pd) 3561.6 9.1 32457 -22.5 17351 -3.6 352
PBEO0-D3/6-311+G(3df,3pd) 3562.8 10.3 3242.0 -26.1 17344 44 40.8
PBEO0-D3/6-311++G(3df,3pd) 3562.8 10.3 3242.0 -26.1 17343 4.4 40.8
PBEO-D3/cc-pVDZ 3533.8 —-18.7 3217.5 -50.7 1721.0 -17.7 87.0
PBEO-D3/aug-cc-pVDZ 3533.8 —18.7 32143 -53.8 1720.1 -18.6 091.2
PBEO-D3/cc-pVTZ 35594 6.9 32413 -269 17333 -54 39.1
PBEO-D3/aug-cc-pVTZ 3558.3 5.8 3241.0 -27.2 1733.0 5.7 38.7
®oB97X-D /6-31G(d,p) 3597.1 44.6 32644 3.8 1748.6 9.9 583
®B97X-D /6-31+G(d,p) 3591.2 38.7 3260.6 7.6 1746.2 7.5 53.8
®oB97X-D /6-31++G(d,p) 3591.1 38.6 3260.7 7.5 1746.2 7.5 53.6
®B97X-D /6-311G(d,p) 3607.1 54.6 3269.2 1.0 17524 13.7 69.2
®B97X-D /6-311+G(d,p) 3607.1 54.5 3269.2 1.0 17523 13.6 69.2
®B97X-D /6-311++G(d,p) 3609.4 56.9 3270.8 2.6 17534 147 742
®B97X-D /6-311G(2d,2p) 36203 67.8 32774 9.3 1757.6 18.9 96.0
®B97X-D /6-311+G(2d,2p) 3619.0 66.5 3275.5 7.3 1756.8 18.1 91.9
®B97X-D /6-311++G(2d,2p) 3619.1 66.6 32754 7.3 1756.8 18.1 91.9
®B97X-D /6-311G(df,pd) 3618.8 66.3 3280.1 11.9 1758.1 194 97.6
®B97X-D /6-311+G(df,pd) 36169 644 32783 10.1 1757.2 18.5 93.0
®B97X-D /6-311G(2df,2pd) 3624.1 71.6 32823 14.1 17599 21.2 106.8
®B97X-D /6-311+G(2df,2pd) 36224 699 3280.5 123 1759.0 20.3 102.5
®B97X-D /6-311++G(2df,2pd) 36224 699 3280.5 123 1759.0 203 102.5
®B97X-D /6-311G(3df,3pd) 36237 71.2 3284.1 159 17603 21.6 108.7
®B97X-D /6-311+G(3df,3pd) 3624.2 71.7 32814 13.2 1759.7 21.0 105.9
®B97X-D /6-311++G(3df,3pd) 3624.1 71.6 32814 13.2 1759.7 21.0 105.8
®©B97X-D /cc-pVDZ 3589.2  36.7 32563 -11.8 1744.9 6.2 54.7
®wB97X-D /aug-cc-pVDZ 3591.5 39.0 3253.0 -15.2 17444 5.7 599
©B97X-D /cc-pVTZ 36224 69.9 3281.8 13.6 17594 20.6 104.2
®wB97X-D /aug-cc-pVTZ 36229 70.4 3281.2 13.0 1759.3 20.6 104.0
Experimental 3552.5 3268.2 1738.7




Table S-2b. Rotational constants of 25DMF (in MHz) predicted at various levels of theory. The

differences between the calculated and the experimental values (in MHz) are given as A4, AB

and AC. X is the sum of the absolute values of A4, AB and AC.

Method/Basis set A AA B AB C AC X
B3LYP-D3/6-31G(d,p) 6159.6 -1.1 21245 -63 16114 -3.6 11.0
B3LYP-D3/6-31+G(d,p) 61433 -174 2121.0 -98 1608.3 -6.7 33.8
B3LYP-D3/6-31++G(d,p) 61439 -16.8 2121.0 -9.8 1608.3 -6.7 33.3
B3LYP-D3/6-311G(d,p) 6179.8 19.1 2129.6 —-1.2 1615.6 0.6 209
B3LYP-D3/6-311+G(d,p) 6179.8 19.1 2126.6 42 16139 -1.1 244
B3LYP-D3/6-311++G(d,p) 6179.8 19.1 2126.6 42 16139 -1.1 243
B3LYP-D3/6-311G(2d,2p) 6211.0 50.3 2132.7 1.9 16194 44 56.6
B3LYP-D3/6-311+G(2d,2p) 6211.9 51.2 2130.1 -0.7 1618.0 3.0 5438
B3LYP-D3/6-311++G(2d,2p) 6212.1 514 2130.0 -0.8 1617.9 29 551
B3LYP-D3/6-311G(df,pd) 6202.6 41.9 21349 4.1 1620.1 51 51.1
B3LYP-D3/6-311+G(df,pd) 6202.5 41.8 2132.6 1.8 1618.8 38 474
B3LYP-D3/6-311++G(df,pd) 6202.2 41.5 2132.6 1.8 1618.9 39 472
B3LYP-D3/6-311G(2df,2pd) 6217.6 569 2136.2 54 16219 69 692
B3LYP-D3/6-311+G(2df,2pd) 6216.0 553 2134.1 3.3 1620.5 55 64.1
B3LYP-D3/6-311++G(2df,2pd) 6216.1 554 2134.0 3.2 1620.5 55 642
B3LYP-D3/6-311G(3df,3pd) 6212.8 52.1 2137.8 7.0 16224 7.4 66.5
B3LYP-D3/6-311+G(3df,3pd) 6216.0 553 21349 4.1 1621.0 6.0 654
B3LYP-D3/6-311++G(3df,3pd) 6216.0 553 21349 4.1 1621.0 6.0 654
B3LYP-D3/cc-pVDZ 6136.2 -24.5 2121.3 -95 16083 -6.7 40.8
B3LYP-D3/aug-cc-pVDZ 6142.1 -18.6 2117.6 -13.2 1606.5 -8.5 40.3
B3LYP-D3/cc-pVTZ 6217.1 564 21334 2.6 1620.2 52 642
B3LYP-D3/aug-cc-pVTZ 6214.8 54.1 2133.3 2.5 1620.0 50 61.6
B3LYP-D3BJ/6-31G(d,p) 6162.0 1.3 21242 -6.6 1611.3 3.7 11.7
B3LYP-D3BJ/6-31+G(d,p) 6148.6 -12.1 2119.7 -11.1 1607.9 -7.1 30.2
B3LYP-D3BJ/6-31++G(d,p) 6149.2 -11.5 2119.7 -11.1 1608.0 -7.0 29.6
B3LYP-D3BJ/6-311G(d,p) 6184.9 242 2128.1 2.7 1615.1 0.1 27.0
B3LYP-D3BJ/6-311+G(d,p) 6185.0 243 21252 5.6 16135 -1.5 31.5
B3LYP-D3BJ/6-311++G(d,p) 6184.9 242 21252 5.6 16135 -15 314
B3LYP-D3BJ/6-311G(2d,2p) 62134  52.7 2132.0 1.2 1619.1 4.1 58.1
B3LYP-D3BJ/6-311+G(2d,2p) 62169 562 21286 22 16174 24 60.8
B3LYP-D3BJ/6-311++G(2d,2p) 62172  56.5 21285 23 16174 24 6l1.1
B3LYP-D3BJ/6-311G(df,pd) 6207.5  46.8 2133.2 24 1619.5 4.5 537
B3LYP-D3BJ/6-311+G(df,pd) 6207.5 46.8 2131.0 0.2 1618.3 3.3 503
B3LYP-D3BJ/6-311++G(df,pd) 6207.3  46.6 2131.1 0.3 1618.3 33 50.2
B3LYP-D3BJ/6-311G(2df,2pd) 62224  61.7 2134.6 3.8 1621.2 6.2 71.7
B3LYP-D3BJ/6-311+G(2df,2pd) 6221.0  60.3 21325 1.7 1619.9 49 66.9
B3LYP-D3BJ/6-311++G(2df,2pd) 6221.1 604 21324 1.6 1619.9 49 67.0
B3LYP-D3BJ/6-311G(3df,3pd) 6217.5 56.8 2136.1 53 1621.8 6.8 689




B3LYP-D3BJ/6-311+G(3df,3pd)
B3LYP-D3BJ/6-311++G(3df,3pd)

B3LYP-D3BJ/cc-pVDZ
B3LYP-D3BJ/aug-cc-pVDZ
B3LYP-D3BJ/cc-pVTZ
B3LYP-D3BJ/aug-cc-pVTZ

CAM-B3LYP-D3BJ/6-31G(d,p)
CAM-B3LYP-D3BJ/6-31+G(d,p)
CAM-B3LYP-D3BJ/6-31++G(d,p)
CAM-B3LYP-D3BJ/6-311G(d,p)
CAM-B3LYP-D3BJ/6-311+G(d,p)
CAM-B3LYP-D3BJ/6-311++G(d,p)
CAM-B3LYP-D3BJ/6-311G(2d,2p)
CAM-B3LYP-D3BJ/6-311+G(2d,2p)
CAM-B3LYP-D3BJ/6-311++G(2d,2p)
CAM-B3LYP-D3BJ/6-311G(df,pd)
CAM-B3LYP-D3BJ/6-311+G(df,pd)
CAM-B3LYP-D3BJ/6-311++G(df,pd)
CAM-B3LYP-D3BJ/6-311G(2df,2pd)
CAM-B3LYP-D3BJ/6-311+G(2df,2pd)
CAM-B3LYP-D3BJ/6-311++G(2df,2pd)
CAM- B3LYP-D3BJ/6-311G(3df,3pd)
CAM- B3LYP-D3BJ/6-311+G(3df,3pd)
CAM- B3LYP-D3BJ/6-311++G(3df,3pd)
CAM-B3LYP-D3BJ/cc-pVDZ
CAM-B3LYP-D3BJ/aug-cc-pVDZ
CAM-B3LYP-D3BJ/cc-pVTZ
CAM-B3LYP-D3BJ/aug-cc-pVTZ

CCSD/cc-pVDZ

MO06-2X/6-31G(d,p)
MO06-2X/6-31+G(d,p)
M06-2X/6-31++G(d,p)
MO06-2X/6-311G(d,p)
M06-2X/6-311+G(d,p)
MO06-2X/6-311++G(d,p)
MO06-2X/6-311G(2d,2p)
MO06-2X/6-311+G(2d,2p)
MO06-2X/6-311++G(2d,2p)
MO06-2X/6-311G(df,pd)
MO06-2X/6-311+G(df,pd)
MO06-2X/6-311++G(df,pd)
MO06-2X/6-311G(2df,2pd)
MO06-2X/6-311+G(2df,2pd)

6221.0
6221.0
6141.2
6147.6
6219.5
6219.8

6203.4
6186.5
6187.0
6226.3
6223.7
6223.7
6257.4
6257.5
6258.4
6246.5
6248.8
6248.6
6263.7
6264.1
6264.4
6258.6
6263.6
6263.6
6180.3
6186.7
6263.0
6263.3
6076.8

6186.6
6171.5
6171.8
6205.9
6203.3
6203.4
6237.4
6238.1
6235.8
6222.2
6222.4
6222.2
6240.8
6240.3

60.3
60.3
-19.5
—-13.1
58.8
59.1

42.7
25.8
26.3
65.6
63.0
63.0
96.7
96.8
97.7
85.8
88.1
87.9
103.0
103.4
103.7
97.9
102.9
102.9
19.6
26.0
102.3
102.6
-83.9

25.9
10.8
11.1
45.2
42.6
42.7
76.7
77.4
75.1
61.5
61.7
61.5
80.1
79.6

21333
21333
2120.0
2116.3
2132.8
2131.7

2140.2
2137.1
2137.1
2144.5
2142.7
2142.7
2148.2
21459
2145.8
2150.3
2147.2
21473
21513
21484
2148.3
21529
2149.2
2149.2
2137.0
2133.6
2148.6
2147.6
2112.8

21414
2138.6
2138.6
2144.2
21424
21424
2146.8
21443
21453
2149.0
2146.9
2147.0
2149.8
2147.6

2.5
2.5
-10.8
—-14.5
2.0
0.9

9.4
6.3
6.3
13.7
11.9
11.9
17.4
15.1
15.0
19.5
16.4
16.5
20.5
17.6
17.5
22.1
18.4
18.4
6.2
2.8
17.8
16.8
-18.0

10.6
7.8
7.8

13.4

11.6

11.6

16.0

13.5

14.5

18.2

16.1

16.2

19.0

16.8

1620.4
1620.4
1607.9
1606.2
1620.0
1619.4

1623.3
1620.5
1620.5
1627.3
1626.2
1626.2
1631.4
1630.1
1630.1
1632.0
1630.4
1630.4
1633.7
1632.0
1632.0
1634.2
1632.5
1632.5
1620.3
1618.7
1632.1
1631.5
1599.6

1622.9
1620.4
1620.4
1625.8
1624.7
1624.6
1629.3
1628.0
1628.4
1629.6
1628.5
1628.5
1631.3
1630.0

54
54
7.1
—8.8
5.0
4.4

8.3
5.5
5.5
12.3
11.2
11.2
16.4
15.1
15.1
17.0
15.4
15.4
18.7
17.0
17.0
19.2
17.5
17.5
53
3.7
17.1
16.5
-15.4

7.9
54
54
10.8
9.7
9.6
14.3
13.0
13.4
14.6
13.5
13.5
16.3
15.0

68.1
68.2
37.4
36.4
65.7
64.5

60.4
37.6
38.1
91.6
86.1
86.1
130.5
127.0
127.8
122.3
119.9
119.8
142.2
138.0
138.2
139.2
138.8
138.8
31.1
32.5
137.2
135.9
117.2

44 .4
24.0
24.4
69.4
63.8
63.9
106.9
103.9
102.9
943
91.4
91.2
115.4
111.4




MO06-2X/6-311++G(2df,2pd)

MO06-2X/6-311G(3df,3pd)
MO06-2X/6-311+G(3df,3pd)

MO06-2X/6-311++G(3df,3pd)

MO06-2X/cc-pVDZ
MO06-2X/aug-cc-pVDZ
MO06-2X/cc-pVTZ
MO06-2X/aug-cc-pVTZ

MNI15/6-31G(d,p)
MN15/6-31+G(d,p)
MN15/6-31++G(d,p)
MN15/6-311G(d,p)
MN15/6-311+G(d,p)
MN15/6-311++G(d,p)
MN15/6-311G(2d,2p)
MN15/6-311+G(2d,2p)
MN15/6-311++G(2d,2p)
MN15/6-311G(df,pd)
MN15/6-311+G(df,pd)
MN15/6-311++G(df,pd)
MN15/6-311G(2df,2pd)
MN15/6-311+G(2df,2pd)
MN15/6-311++G(2df,2pd)
MN15/6-311G(3df,3pd)
MN15/6-311+G(3df,3pd)
MN15/6-311++G(3df,3pd)
MN15/cc-pVDZ
MN15/aug-cc-pVDZ
MN15/cc-pVTZ
MN15/aug-cc-pVTZ

MP2/6-31G(d,p)
MP2/6-31+G(d,p)
MP2/6-31++G(d,p)
MP2/6-311G(d,p)
MP2/6-311+G(d,p)
MP2/6-311++G(d,p)
MP2/6-311G(2d,2p)
MP2/6-311+G(2d,2p)
MP2/6-311++G(2d,2p)
MP2/6-311G(df,pd)
MP2/6-311+G(df,pd)
MP2/6-311++G(df,pd)
MP2/6-311G(2df,2pd)

6240.5
6235.8
6239.6
6239.5
6166.8
6175.0
6239.2
6242.0

6187.1
6169.4
6170.0
6213.9
6210.9
6211.2
6235.5
6235.0
6235.5
6237.5
6237.4
6237.2
6242.9
6241.6
6241.9
6246.1
6249.9
6249.8
6168.1
6176.7
6246.1
6246.8

6128.8
6113.4
6114.4
6118.5
6112.5
6112.5
6162.4
6162.0
6162.4
6163.2
6157.1
6156.8
6181.2

79.8
75.1
78.9
78.8

6.1
14.3
78.5
81.3

26.4
8.7
93

53.2

50.2

50.5

74.8

74.3

74.8

76.8

76.7

76.5

82.2

80.9

81.2

85.4

89.2

89.1
7.4

16.0

85.4

86.1

-31.9
—47.3
—46.3
—42.2
—48.2
—48.2
1.7
1.3
1.7
2.5
-3.6
-3.9
20.5

2147.6
2151.3
21484
21484
2139.5
21349
2147.3
2146.5

2132.5
2129.6
2129.5
21394
2137.6
2137.6
2142.7
2140.3
2140.2
2145.6
2143.2
2143.2
2146.0
2143.7
2143.7
2147.5
2144.1
2144.2
21325
21289
21433
2144 .4

21324
2125.8
2125.6
2133.2
21293
2129.2
2134.7
2131.1
2131.0
2147.8
2143.5
2143.5
2148.2

16.8
20.5
17.6
17.6

8.7

4.1
16.5
15.7

1.7
-1.2
-1.3

8.6

6.8

6.8

11.9

9.5

9.4
14.8
12.4
12.4
15.2
12.9
12.9
16.7
13.3
13.4

1.7
-1.9
12.5
13.6

1.6
-5.0
-5.2

24
-1.5
-1.6

3.9

0.3

0.2
17.0
12.7
12.7
17.4

1630.0
1631.8
1630.4
1630.4
1620.8
1618.7
1629.8
1629.5

1617.8
1615.1
1615.1
1623.6
1622.4
1622.4
1626.8
1625.4
1625.4
1628.7
1627.3
1627.3
1629.2
1627.8
1627.8
1630.2
1628.6
1628.6
1616.8
1615.4
1627.9
1628.6

1613.6
1608.9
1608.9
1613.7
1611.1
1611.0
1617.1
1615.0
1615.1
1625.0
1622.2
1622.1
1626.2

15.0
16.8
15.4
15.4

5.8

3.7
14.8
14.5

2.8
0.1
0.1
8.6
7.4
7.4
11.8
10.4
10.4
13.7
12.3
12.3
14.2
12.8
12.8
15.2
13.6
13.6
1.8
0.4
12.9
13.6

-1.4
6.1
6.1
-1.3
-39
—4.0
2.1
0.0
0.1
10.0
7.2
7.1
11.2

111.5
112.4
111.8
111.7

20.7

22.0
109.8
111.5

30.9
10.0
10.7
70.4
64.3
64.6
98.6
94.3
94.6
105.3
101.3
101.2
I11.5
106.6
106.9
117.3
116.1
116.1
10.9
18.3
110.7
113.3

34.9
58.4
57.6
46.0
53.6
53.7

7.8

1.6

2.0
29.6
235
23.8
49.1

10



MP2/6-311+G(2df,2pd)
MP2/6-311++G(2df,2pd)
MP2/6-311G(3df,3pd)
MP2/6-311+G(3df,3pd)
MP2/6-311++G(3df,3pd)
MP2/cc-pVDZ
MP2/aug-cc-pVDZ
MP2/cc-pVTZ
MP2/aug-cc-pVTZ

PBE0/6-31G(d,p)
PBE0/6-31+G(d,p)
PBE0/6-31++G(d,p)
PBEO0/6-311G(d,p)
PBEO0/6-311+G(d,p)
PBE0/6-311++G(d,p)
PBE0/6-311G(2d,2p)
PBE0/6-311+G(2d,2p)
PBE0/6-311++G(2d,2p)
PBEO0/6-311G(df,pd)
PBE0/6-311+G(df,pd)
PBEO0/6-311++G(df,pd)
PBEO0/6-311G(2df,2pd)
PBEO0/6-311+G(2df,2pd)
PBE0/6-311++G(2df,2pd)
PBEO0/6-311G(3df,3pd)
PBEO0/6-311+G(3df,3pd)
PBE0/6-311++G(3df,3pd)
PBEO/cc-pVDZ
PBEO0/aug-cc-pVDZ
PBEO/cc-pVTZ
PBEO(/aug-cc-pVTZ

®B97X-D/6-31G(d,p)
®B97X-D/6-31+G(d,p)
®B97X-D/6-31++G(d,p)
®B97X-D/6-311G(d,p)
®B97X-D/6-311+G(d,p)
®B97X-D/6-311++G(d,p)
®B97X-D/6-311G(2d,2p)
®B97X-D/6-311+G(2d,2p)
®B97X-D/6-311++G(2d,2p)
®B97X-D/6-311G(df,pd)
®B97X-D/6-311+G(df,pd)
®B97X-D/6-311++G(df,pd)

6178.4
6178.2
6159.2
6162.9
6162.7
6057.3
6041.5
6171.0
6159.5

6189.6
6178.0
6178.2
6211.8
6210.9
6210.6
6237.5
6240.1
6237.3
6227.3
6229.0
6228.6
6243.1
6243.7
6243.9
6236.9
6242.6
6242.6
6172.2
6177.7
6240.6
6241.0

6196.6
6181.1
6181.4
6219.3
6216.9
6216.8
6247.8
6248.6
6246.4
6237.5
6237.6
6237.3

17.7
17.5
-1.5
2.2

2.0
—-103.4
—-119.2
10.3
-1.2

28.9
17.3
17.5
51.1
50.2
49.9
76.8
79.4
76.6
66.6
68.3
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82.4
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83.2
76.2
81.9
81.9
11.5
17.0
79.9
80.3

35.9
20.4
20.7
58.6
56.2
56.1
87.1
87.9
85.7
76.8
76.9
76.6

2144.0
2144.0
21493
2144.6
2144.7
2118.6
2105.6
2141.6
2140.1

2143.9
2140.6
2140.7
2148.7
2146.3
2146.3
21519
2148.8
2149.6
2154.2
21513
21513
2154.7
21519
21519
2156.4
21529
2152.8
2142.1
2136.6
2151.6
2150.7

2139.5
2137.7
2137.7
2144.1
2142.2
2142.2
21474
21449
21459
2149.6
21473
21474

13.2
13.2
18.5
13.8
13.9
12.2
25.2
10.8

9.3

13.1
9.8
9.9

17.9

15.5

15.5

21.1

18.0

18.8

234

20.5

20.5

239

21.1

21.1

25.6

22.1

22.0

11.3
5.8

20.8

19.9

8.7

6.9

6.9
13.3
11.4
11.4
16.6
14.1
15.1
18.8
16.5
16.6

1623.7
1623.7
1625.4
1623.0
1623.0
1601.5
1593.0
1621.8
1620.2

1624.5
1622.0
1622.0
1628.8
1627.4
1627.4
1632.3
1630.7
1631.0
1633.0
1631.5
1631.5
1634.3
1632.7
1632.7
1634.8
1633.2
1633.2
1622.7
1619.9
1632.4
1631.9

1622.5
1620.5
1620.6
1626.8
1625.5
1625.5
1630.4
1629.1
1629.5
1631.1
1629.8
1629.8

8.7
8.7
10.4
8.0
8.0
—-13.5
-22.0
6.8
5.2

9.5

7.0

7.0
13.8
12.4
12.4
17.3
15.7
16.0
18.0
16.5
16.5
19.3
17.7
17.7
19.8
18.2
18.2

7.7

4.9
17.4
16.9

7.5

5.5

5.6
11.8
10.5
10.5
15.4
14.1
14.5
16.1
14.8
14.8

39.6
39.5
30.4
24.0
23.9
129.2
166.5
27.8
15.8

51.5
34.1
343
82.7
78.0
77.7
115.1
113.1
111.4
107.9
105.2
104.9
125.7
121.9
122.0
121.6
122.1
122.2
30.5
27.7
118.1
117.1

52.1
32.8
33.1
83.7
78.1
78.0
119.2
116.1
115.2
111.7
108.2
108.0
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®B97X-D/6-311G(2df,2pd) 6254.4 93.7 21504 19.6 1632.6 17.6 130.9
®B97X-D/6-311+G(2df,2pd) 6253.4 92.7 2148.2 174 16313 163 126.3
®B97X-D/6-311++G(2df,2pd) 6253.6 92,9 2148.2 17.4 1631.2 16.2 126.5
®B97X-D/6-311G(3df,3pd) 6249.2 88.5 2152.1 21.3 1633.2 18.2 128.1
®B97X-D/6-311+G(3df,3pd) 6252.7 92.0 2149.3 18.5 16319 169 127.4
®B97X-D/6-311++G(3df,3pd) 6252.8 92.1 21493 18.5 1631.8 16.8 127.4
®B97X-D/cc-pVDZ 6174.9 142 21364 5.6 1619.6 46 245
®B97X-D/aug-cc-pVDZ 6180.5 19.8 21324 1.6 1617.7 2.7 24.1
®B97X-D/cc-pVTZ 6253.7 93.0 2148.8 18.0 1631.6 16.6 127.6
®B97X-D/aug-cc-pVTZ 6254.4 93.7 2148.1 17.3 1631.3 163 127.4
Experimental 6160.7 2130.8 1615.0
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Table S-3. Coefficients of Fourier expansion for the one-dimensional potential energy curves

of 23DMF given in Figure 2 calculated at the B3LYP-D3BJ/6-311++G(d,p) and MP2/6-

311++G(d,p) levels of theory. The potential is expanded as V(a) =

o aifi.

B3LYP-D3BJ/6-311++G(d,p)

2-Me 3-Me
fi ai / Hartree ai/cm™ ai / Hartree ai/ cm™t
1 -308.7687900 -308.7689020
cos(3a) -0.000634845  -139.3 0.000511936 112.4
cos(6a) 0.000040516 8.9 0.000028873 6.3
cos(9a) —-0.000004116 -0.9 0.000003487 0.8

MP2/6-311++G(d,p)

2-Me 3-Me
fi ai / Hartree ai/cm™  ai/Hartree ai/cm™
1 -307.8391596 -307.8392166
cos(3a) -0.000538787 -118.3 0.000400957 88.0
cos(6a) 0.000165559 36.3 0.000096843 21.3
cos(9a) 0.000035251 1.7
cos(12a) 0.000012299 2.7 -0.000013924 3.1
cos(15a) —-0.000026088 -5.7 -0.000016006 3.5
sin(3a) —-0.000011470 -2.5 0.000056708 12.4
sin(6a) 0.000021587 4.7 0.000027179 6.0
sin(9a) —-0.000022940 5.0 -0.000029066 -6.5
sin(12a) 0.000021587 4.7 -0.000025735 -5.6
sin(15a0) —-0.000011470 2.5
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Table S-4. Coefficients of Fourier expansion for the two-dimensional potential energy curves

of 23DMF given in Figure 3 calculated at the B3LYP-D3BJ/6-311++G(d,p) and MP2/6-

311++G(d,p) levels of theory. The potential is expanded as V(@) = Yi~, a;fi.
B3LYP-D3BJ MP2
fi ai/Hartree ai/cm™  ai/Hartree ai/cm’!
0 1 —308.7472860 -307.8388284
1 cos(3a) —0.000455361 -99.9 -0.000360726 —79.2
2  cos(3a2) —0.000575129 —126.2 —0.000496203 -—108.9
3 cos(6a1) 0.000021623 4.7 0.000057630 12.6
4 cos(6az) 0.000031669 7.0 0.000119520 26.2
5 cos(30u)cos(3a2) —0.000066875  —14.7 —0.000043560 9.6
6 sin(3a1)sin(3¢z)  0.000112630  24.7
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Table S-5. Observed frequencies (Vobs) of 23DMF. The vobs — Veale residuals are obtained with

the XIAM program.
J' K" K" ) KY ¢ . Vobs. Vobs. — Vealc.
Species
Upper level Lower level MHz XIAM / kHz
1 0 | 0 0 0 (00) 5007.7056 0.1
1 0 | 0 0 0 (01) 5007.0709 3.8
1 0 | 0 0 0 (10) 5006.3497 -5.7
1 0 1 0 0 0 (11) 5004.9383 0.6
1 0 | 0 0 0 (12) 5006.5130 2.1
2 0 2 1 0 1 (00) 8734.6061 0.3
2 0 2 1 0 1 (01) 8731.5693 -2.3
2 0 2 1 0 1 (10) 8734.3046 -3.8
2 0 2 1 0 1 (11) 8732.0179 2.7
2 0 2 1 0 1 (12) 8730.5238 0.3
2 0 2 1 1 1 (00) 8448.8540 1.2
2 0 2 1 1 1 (01) 8452.2120 7.4
2 0 2 1 1 1 (10) 8447.6841 4.8
2 0 2 1 1 1 (11) 8449.3678 0.7
2 0 2 1 1 1 (12) 8452.7408 2.1
2 1 2 1 0 1 (00) 8771.0139 0.4
2 1 2 1 0 1 (01) 8766.8892 4.3
2 1 2 1 0 1 (10) 8770.9331 0.5
2 1 2 1 0 1 (11) 8767.8768 -3.6
2 1 2 1 0 1 (12) 8765.7244 4.0
2 1 1 1 1 0 (00) 11545.5514 3.1
2 1 1 1 1 0 (01) 11541.0427 8.8
2 1 1 1 1 0 (10) 11541.4622 2.2
2 1 1 1 1 0 (11) 11535.8461 3.0
2 1 1 1 1 0 (12) 11538.0994 6.2
2 1 2 1 1 1 (00) 8485.2612 0.6
2 1 2 1 1 1 (01) 8487.5318 5.4
2 1 2 1 1 1 (10) 8484.3075 5.5
2 1 2 1 1 1 (11) 8485.2268 -0.2
2 1 2 1 1 1 (12) 8487.9443 0.6
2 2 0 1 1 1 (00) 15213.7471 7.2
2 2 0 1 1 1 (01) 15226.3413 7.0
2 2 0 1 1 1 (10) 15212.3393 6.5
2 2 0 1 1 1 (11) 15218.8536 —4.8
2 2 0 1 1 1 (12 15230.9914 -6.2
2 2 1 1 1 0 (00) 12402.7955 1.5
2 2 1 1 1 0 (01) 12375.0302 -14.7
2 2 1 1 1 0 (10) 12400.7607 -17.1
2 2 1 1 1 0 (11) 12380.0449 -1.3
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