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Table S1: Calculated Harmonic Frequencies of the Higher Energy CH,=MnH, Isotopomers in the *B; ground state®

Approximate CH2=MnH, CD2=MnD; 3CHz=MnH,
Description B3LYP®  Int®  BPW91°  Int B3LYP®  Int® BPW91°  Int®  B3LYP® Int® BPW91° Int’
B, CH; str. 32071 0 31415 0 23859 1 23374 1 31940 0 31286 0
A, CH, str. 30832 1 3013.5 2 2226.8 1 2176.8 2 30785 1 3008.9 1
AiMnH,str. 17422 76 1752.9 71 12361 40 12431 38 17421 76 17528 71
By MnH,str. 16684 484  1681.1 342 12026 244 12114 173 1668.3 484  1681.1 342
A, CH,scis. 12903 5 1248.5 1 988.7 1 9870 0 12830 5 12395 1
B, CH,wag  681.1 3 669.3 8 531.6 0 5223 2 6754 3 6638 8
A; MnH, scis.  668.1 53 681.0 10 478.6 25 4892 7 668.1 54 6787 6
A, C-Mnstr. 6416 7 725.7 18 587.1 10 6422 11 6253 6 7107 21
B, CHyrock 5005 15 465.1 13 378.1 12 3515 9 4977 15 4625 13
A, CH, twist 3728 0 402.3 0 263.7 0 2846 0 3728 0 4023 0
B, MnH, wag 292.6 193 1112 163 212.1 100  80.4 86 2925 193 1112 163
By MnH, rock  217.1 61 239.7 42 160.5 34 1786 24 2164 60 2388 42

* Frequencies and intensities are computed with 6-311++G(3df, 3pd) for harmonic calculations, and the all electron basis set is used for Mn.
Frequencies and intensities are in cm ' and km/mol. ° Computed with B3LYP. ©Computed with BPW91. CH;-MnH has a Cs, structure.



Table S2: Calculated Harmonic Frequencies of MnH,-CH,CH, Isotopomers in the 4A2 ground state”

Approximate MnH,-CH,CH, MnD,-CD,CD,
Description B3LYP®  Int®  BPW91° int® B3LYP®  Int®  BPW91°  int°
B, CH, str. 31847 7 3104.1 18 23667 3 23063 8
A, CH, str. 3098.8 1 30194 2 22645 7 22039 0
B, CH, str. 3089.7 8 3012.4 18 22322 3 21765 8
B;MnH,str. 17348 108 17410 33 12359 57 12554 4
A;MnH,str. 16655 76 1830.8 359 13114 62 1307.4 188
A;CH,scis. 15104 10 1451.1 1 11912 29 12359 17
B, CH,scis. 14452 4 13932 3 1069.1 4 10307 3
A, C-C str. 12065 62 11629 21 953.1 15 922.4 7
B, CH, wag 878.6 24 861.6 21 720.4 10 712.9 9
B, CH, twist ~ 493.4 4 5415 5 362.4 2 405.1 3
A; MnH, scis.  432.9 55 436.9 19 304.0 32 416.9 16

* Frequencies and intensities are computed with 6-311++G(3df, 3pd) for harmonic calculations, and the all electron basis set is used for Mn.
Frequencies and intensities are in cm ' and km/mol. ° Computed with B3LYP. “Computed with BPW91. CH;CH,-MnH has a C; structure.



Table S3: Calculated Harmonic Frequencies of CH;CH-MnH, Isotopomers in the °A’ ground state®

Approximate CH;CH=MnH, CD;CD=MnD,
Description B3LYP®  Int®  BPW91° int® B3LYP®  Int®  BPW91° int®
A’ CHj str. 30921 12 3044.1 8 2285.1 5 22518 3
A’ C-H str. 30785 3 29955 5 22643 2 22002 3
A” CHj str. 30383 8 20929 7 22470 4 22132 3
A’ CHj str. 29944 14 29424 14 21517 6 21139 6
A’ MnHj str. 17246 98 1738.1 96 12283 38 12355 40
A”MnH, str. 16491 537  1668.7 387 1189.3 268  1202.6 194
A CHs;bend 14725 7 14249 8 1162.4 14 1156.0 16
A’CHs;bend 14703 4 14232 4 1059.7 3 10251 3
A C-Hbend 12329 38 12107 31 1050.0 14 1028.7 11
A’ CHszrock  971.9 10 942.7 8 774.6 8 754.1 5
A’ MnH, scis.  664.8 74 666.6 29 469.9 19 476.4 9
A’ C-Mn str. 555.1 7 603.6 10 513.7 28 540.3 15

?Frequencies and intensities are in cm™ and km/mol computed with 6-311++G(3df, 3pd) for harmonic calculations, and the all electron basis set
is used for Mn. Frequencies and intensities are in cm' and km/mol. ° Computed with B3LYP. °Computed with BPW91. CH;CH-MnH, has a C,
structure.



Table S4: Calculated Harmonic Frequencies of CICH,CH,-MnH Isotopomers in the °A’ ground state®

Approximate CICH,CH,-MnH CICD,CD,-MnH
Description B3LYP®  Int®  BPW91° int® B3LYP®  Int®  BPW91° int®
A’C,H,asstr. 31314 8 30712 7 23283 4 22826 3
A CH,sstr. 30770 17 3014.7 14 2235.1 9 21894 7
A’ C,H,as str. 30347 9 29907 7 22450 3 22130 3
A CyHysstr. 29981 8 20465 8 21760 2 21384 3
A’ Mn-H str. 16542 497 16513 399 11812 209 11797 180
A C,H,scis. 14830 2 1435.1 3 1145.0 112 11160 90
A CyH,scis. 14549 3 14017 3 1081.6 10 10449 8
A CH,wag 12886 70 12402 48 977.1 129 9389 93
A’C.H, twist 11255 5 1081.7 4 821.3 1 791.4 1

A CH,wag 10994 1 1054.3 17 872.4 10 831.7 8
A’ C-C str. 10154 172 988.0 119 911.8 36 892.0 21
A’ C-Cl str. 615.6 119  604.4 101 587.8 97 577.5 87
A’ C,H,rock  561.3 28 541.3 20 419.6 19 404.1 13
A’ C-Mn str. 510.5 8 508.7 8 4545 7 4495 6

*Frequencies and intensities are in cm ' and km/mol computed with 6-311++G(3df, 3pd) for harmonic calculations, and the all electron basis set
is used for Mn. Frequencies and intensities are in cm ' and km/mol. ® Computed with B3LYP. °Computed with BPW91. Calculation results only
for observable bands (frequency > 400 cm™ and intensity > 5 km/mol) are shown. CICH,CH,-MnH has a C; structure.



Table S5: Calculated Fundamental Frequencies of CH;CH=MnHCI Isotopomers in the *A’ ground state®

Approximate CH;CH=MnHCIl CD;CD=MnDCl
Description B3LYP®  Int® BPW91° int® B3LYP® Int® BPW91°  int°
CaH; as str. 30932 13 30443 9 22883 5 22526 4
Cp-H str. 3067.6 3 29930 5 22540 3 22064 3
C.H; as str. 30338 8 29863 6 22414 4 21982 4
CaHs s str. 29891 9 29362 8 21491 4 21104 3
Mn-H str. 17966 110  1806.6 111 12837 59 12904 59
C.H; bend 14747 10 14274 9 11642 3 11491 7
C.H; bend 1466.6 6 14186 7 10595 3 10265 5
C,-Hipbend 12410 20 12089 24 1046.1 11 10206 7
Mn-H bend 679.2 4 6786 1 667.3 2 641.7 4
Cp-Mn str. 558.7 43 5826 27 5322 30 541.0 26
Mn-H ip bend  498.0 36 517.8 31 4967 23 506.2 5

* Frequencies and intensities are computed with 6-311++G(3df, 3pd) for harmonic calculations, and the all electron basis set is used for Mn.
Frequencies and intensities are in cm™' and km/mol. ® Computed with B3LYP. °Computed with BPW91. Calculation results only for observable
bands (frequency > 400 cm™ and intensity > 3 km/mol) are shown. CH;CH=MnHC]I has a C, structure.



Table S5: Calculated Harmonic Frequencies of CICH,CH,-MnCl Isotopomers in the °A” ground state®

Approximate CICH,CH,-MnCl CICD,CD,-MnCl
Description B3LYP® Int® BPW91°  int®  B3LYP® Int® BPW91° int°
A’ C,H, str. 31341 6 30722 6 23303 3 22833 3
A’ C.H, str. 30795 14 30157 13 22368 8 21901 7
A’ C,H, str. 30465 5 20924 4 22544 2 22143 1
A’ CyH, str. 30080 5 20486 6 21833 1 2139.7 2
A CH,wag 12941 50 12463 49 11438 54 11124 63
A’C,H,rock 12941 11 12512 0 1082.9 9 10459 9
A’ C,H, twist 11278 5 1089.1 4 910.5 27 8895 18
A’ C,-C, str. 10188 124 9984 120 986.6 104 9486 93
A’ C,-Cl str. 636.2 104 619.5 105 607.8 74 5938 72
A’ CyHorock  582.7 24 5621 18 491.1 46 4855 57
A Cy-Mnstr. 5413 19  539.7 23 436.9 16 4206 12

?Frequencies and intensities are in cm™' and km/mol computed with 6-311++G(3df, 3pd) for harmonic calculations, and the all electron basis set
is used for Mn. Frequencies and intensities are in cm ' and km/mol. ® Computed with B3LYP. °Computed with BPW91. Calculation results only
for observable bands (frequency > 400 cm™ and intensity > 5 km/mol) are shown. CICH,CH,-MnCl has a C, structure.



Table S6: Parameters from Natural Bond Order Analysis for the C-Mn and Mn-X (X = H, CI, Br) Bonds of Insertion Products”

Product <CMX® (C-M) EBO° %C %M r(M-X) EBO° %X (X=H,CLBr) %M

CH;-MnH 180.0  2.083  0.94 83.3[s(23.5),p(76.4)] 16.7 [s(34.6), p(45.4), d(20.8)] 1.698  0.94  76.7 [5(99.9)] 22.3 [5(36.0), p(54.1), d(9.8)]
C,Hs-MnH 1724 2.091 092  82.7[s(20.4), p(79.6)] 173 [s(32.9), p(40.3), d(26.7)] 1.701 ~ 0.94  78.0[s(99.9)] 22.0 [s(37.4), p(51.0), d(11.5)]
CICH,CH,-MnH 179.1  2.112  0.89  83.9[s(18.6), p(81.3)] 16.1[s(35.1), p(44.1), d(20.8)] 1.689  0.93  77.6[s(99.9)] 22.4[s(35.3), p(53.5), d(11.2)]
CICH,CH,-MnCl 179.7  2.082 091  81.9[s(18.4), p(81.4)] 18.1[s(37.6), p(39.7), d(22.6)] 2.216  0.95 88.9 [s(24.5), p(75.1)] 11.1 [s(30.3), p(55.3), d(14.2)]
C,Hs-MnCl 1783 2.065  0.93  80.9[s(19.7), p(80.1)] 19.1 [s(36.1), p(38.0), d(26.0)] 2.230  0.95  89.1[s(24.9), p(74.8)] 10.8 [s(31.1), p(55.7), d(12.9)]
CH;-ScH 1155 2169 099 81.2[s(21.6), p(78.4)] 18.8[5(26.5), p(3.4), d(70.1)]  1.823  0.99  75.0[s(99.9)] 25.0 [s(35.3), p(9.3), d(55.4)]
CH,-TiH 1258 2.133 099  80.8[s(22.9), p(77.1)] 19.2[s(23.4), p(6.2), d(70.3)]  1.790  0.99  75.3 [5(99.7)] 24.6 [s(40.7), p(12.7), d(46.6)]
CH,-VH 118.6  2.074  1.00 76.2[s(21.2),p(78.8)] 23.8[s(35.2), p(4.2), d(60.5)] 1.699  0.99  70.0 [s(99.7)] 30.0 [s(39.3), p(9.0), d(51.6)]
CH,-CrH 1133 2039 099  73.0[s(20.8), p(79.2)] 27.0[s(35.2),p(2.7), d(62.1)]  1.654  0.99  67.5[s(99.9)] 32.5 [s(44.8), p(6.9), d(48.3)]
CH;-FeH 1472 2.035 096  79.0[s(21.4), p(78.6)] 21.0 [s(37.1), p(28.0), d(34.8)] 1.628  0.96  73.1[s(99.9)] 26.9 [s(38.8), p(33.8), d(27.3)]
CH;-CoH 1414 1984 096  76.2[s(20.3), p(79.6)] 23.8 [s(35.7), p(25.6), d(38.7) 1.587  0.97  71.7[s(99.9)] 28.9 [s(40.1), p(31.2), d(28.7)]
CH,-NiH 95.7 1.845 097  62.3[s(18.0), p(82.0)] 37.7 [s(41.7), p(0.5),d(57.8)] 1.436  0.96  56.7 [s(99.9)] 433 [s(53.1), p(2.7), d(44.3)]
CH,-CuH 1282 1.963 094 65.6[s(16.2), p(83.7)] 34.5[s(45.5), p(12.0), d(30.5)] 1.526  0.93  64.0[s(99.9)] 36.0 [5(50.4), p(27.1), d(22.5)]
CH;-CuH™ 180.0 1988  0.93  86.0[s(28.1), p(71.9)] 14.0 [s(49.2), p(45.2), d(5.5)]  1.565  0.94  79.5[s(99.9)] 20.5 [s(43.2), p(53.5), d(3.3)]
CH;-ZnH 180.0  1.954 097  79.7[s(22.3), p(77.7)] 20.3 [s(52.0), p(46.2), d(1.9)] 1.543  0.96  73.1[s(99.9)] 26.9 [s(44.9), p(53.7), d(1.40)]
CH,-CdH 180.0  2.135 090 78.4[s(19.8), p(80.1)] 21.6[s(50.2), p(46.7), d(3.0)] 1.680  0.90  73.7 [5(99.9)] 26.3 [s(44.6), p(53.0), d(2.4)]
CH,-HgH 180.0 2129  0.85  75.2[s(19.4), p(80.6)] 24.8 [s(45.7),p(47.3), d(7.0)] 1.653  0.85 69.4[s(99.9)] 30.7 [s(41.6), p(52.6), d(5.8)]
CH;-ReH 121.6  2.049 099  63.9[s(21.1), p(78.9)] 36.1 [s(30.1), p(0.5), d(69.4)]  1.653  0.98  56.6[5(99.8)] 434 [s(34.3), p(2.7), d(63.1)]
CH;-MgBr 180.0  2.076 097 84.5[s(21.7),p(78.3)] 15.5[s(61.5), p(38.3),d(0.2)]  2.355  0.97 89.0[s(21.7), p(77.9)] 11.0 [s(38.4), p(59.6), d(1.8)]

 Computed with B3LYP/6-311++G(3df,3pd). ® C-M-X bond angle in degree. ® Effective bond order.



Cartesian coordinates calculated (B3LYP) for the observed molecules

CH3;-MnH

C 0.000000 0.000000 -1.561110
H 0.000000 1.015384 -1.969811
H 0.879349 -0.507692 -1.969811
H -0.879349 -0.507692 -1.969811
Mn 0.000000 0.000000 0.522253
H 0.000000 0.000000 2.219774

CH;CH,-MnH

C -515140 -2.038418 .000000
H -.141207 -3.067071  .000000
H -1.158789 -1.938743  .877350
H -1.158789 -1.938743 -.877350
C 621294 -.997934 .000000
H 1.268192 -1.165745 .869930
H 1.268192 -1.165745 -.869930
Mn .000000 .998103  .000000
H -.714524  2.541586 .000000



CH,CH-MnH

C
H
H
C
H

Mn
H

-0.403572
-1.473113
-0.144391
0.510964
1.546412
0.000000
-0.573262

CH3CH2-M1’1C1
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n
Cl

2.137958
3.193959
1.684838
1.684838
1.953494
2.458732
2.458732
0.000000
-2.119401

-2.065170
-1.868543
-3.122071
-1.084988
-1.431725

0.912738

2.504848

-1.965550
-2.250927
-2.430832
-2.430832
-0.437112
-0.004527
-0.004527

0.232455

0.925074

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000
0.000000
0.877801
-0.877801
0.000000
0.871129
-0.871129
0.000000
0.000000



MnHCI-CH,CH,
Mn 0.615707
2.206934
-1.614375
0.615707
0.615707
-0.308238

1.536385
-0.308238
1.536385

—_—
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Ml’lClg-CHzCHQ

Mn 0.000000
Cl 0.000000
Cl 0.000000
C 0.667643
C -0.667643
H 1.230276
H 1.230276
H -1.230276
H -1.230276

0.649286
1.152854
0.917141
-2.057012
-2.057012
-2.013530
-2.132597
-2.013530
-2.132597

0.000000
2.172249
-2.172249
0.000000
0.000000
-0.924922
0.924922
-0.924922
0.924922

0.000000
0.000000
0.000000
0.666648
-0.666648
1.229239
1.231299
-1.229239
-1.231299

0.344488
0.814200
0.814200
-2.263549
-2.263549
-2.283108
-2.283108
-2.283108
-2.283108



