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Figure S1. The geometry of 1a optimized at the theory level of B3LYP/LACVP*

Table S1. Differences of bond lengths between crystal and B3LYP-optimized structure

in gas (A)
Bonds Bond Lengths (A)
Crystal B3LYP/LACVP*

Fe-C1 2.135 2.180
Fe-C2 2.149 2.165
Fe-C3 2.099 2.120
Fe-C8 2.098 2.125
Fe-C9 2.109 2.139
Fe-H2 1.384 1.505
Fe-C16 1.752 1.761
Fe-C17 1.741 1.754
C16-02 1.143 1.155
C17-03 1.153 1.156
C1-C2 1.437 1.434
C2-C3 1.452 1.455
C3-C8 1.430 1.423
C8-C9 1.445 1.447
C1-C9 1.445 1.436
C1-01 1.366 1.357
0O1-H1 0.750 0.970
C2-Sil 1.888 1.887
C9-Si2 1.887 1.896
SRE? 0.0036

RMSE" 0.0598
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\ a. Square Root Error; b. Root Mean Square Error.

Table S2. Differences of bond angles between crystal and B3LYP-optimized structure
in gas (degree, °)

Degrees of Bond Angles (°)
Bond Angles Crystal B3LYP-optimized
Cl16-Fe-C17 95.0 95.8
C16-Fe-H2 86.3 84.7
C17-Fe-H2 79.9 83.4
C1-01-H1 112.2 109.3
C9-C1-C2 112.4 112.1
C1-C2-C3 104.1 104.2
C2-C3-C8 109.7 109.6
C3-C8-C9 109.3 109.0
C8-C9-C1 104.4 104.9
SRE? 2.6792
RMSE" 1.6368
a. Square Root Error; b. Root Mean Square Error

Table S3. B3LYP-optimized electronic energies for other high-spin states of 1a in gas

Unit Singlet Triplet Quintet Septet
Hartree  -1592.867843 -1592.814585 -1592.788992 -1592.705847
kcal/mol 0 334 49.5 101.7

Table S4. B3LYP-calculated energies and thermochemistry in gas at 298 K and 1 atm

(Hartree)
Complexes Escr(B3LYP)  Heore(B3LYP) Georr(B3LYP)
la -1592.867843 0.443512 0.352330
1a/1bTS -1592.861640 0.442317 0.352954
1b -1592.866688 0.443442 0.352987
1b/1cTS -1592.862737 0.442393 0.354741
1c -1592.868087 0.443541 0.352904
1c/1aTS -1592.859855 0.442490 0.355153
2 -1707.376424 0.476835 0.377231

2/3TS -1707.321199 0.475760 0.380861

S4



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

9/10TS
10
10/4TS
11
11/12TS
12
12/13TS
13
1b/14TS
14
14/10TS
1b/15TS
1b/16TS
15
16
17
CH,0
CH3OH
PhCOCH;
PhCH(OH)CHs
co

-1707.339338
-1707.330809
-1707.412043
-1591.654314
-1479.482475
-1594.026551
-1594.025925
-1594.036041
-1707.392291
-1707.379462
-1707.405471
-1707.403873
-1707.376350
-1707.313564
-1707.379280
-1707.313106
-1707.378286
-1707.329941
-1707.367163
-1707.357769
-1707.370457
-1977.739167
-1707.386911
-1977.751712
-1977.779509
-114.500473
-115.714407
-384.895995
-386.087174
-113.309454

0.478580
0.476844
0.481411
0.422861
0.431543
0.465482
0.464440
0.467885
0.480586
0.479464
0.479771
0.476046
0.476251
0.474622
0.479939
0.476192
0.480271
0.475702
0.481422
0.480452
0.474057
0.587882
0.479839
0.594861
0.596669
0.030635
0.055708
0.147220
0.170885
0.008336

0.383551
0.380466
0.385139
0.332132
0.344649
0.374729
0.374774
0.377305
0.384542
0.384620
0.383254
0.380801
0.374079
0.378463
0.385038
0.380913
0.382828
0.380266
0.386992
0.385728
0.379375
0.480533
0.383169
0.484745
0.486439
0.005161
0.028748
0.105870
0.128007
-0.014107

Table S5. Single-point energies® obtained at the MO06/6-311+G* level in toluene

(Hartree)

Complexes

E(M06) + AG(sol,MO06)
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la
1a/1bTS
1b
1b/1cTS
1c
1c/1aTS
2
2/3TS
3
3/4TS

9/10TS
10
10/4TS
11
11/12TS
12
12/13TS
13
1b/14TS
14
14/10TS
1b/15TS
1b/16TS
15
16
17
CH;0
CH3;OH
PhCOCH;

-2732.665831
-2732.658265
-2732.664422
-2732.658581
-2732.665953
-2732.655736
-2847.146393
-2847.08874
-2847.103926
-2847.092869
-2847.179603
-2731.452745
-2619.299426
-2733.816645
-2733.817006
-2733.824903
-2847.160124
-2847.143547
-2847.170441
-2847.166597
-2847.144564
-2847.083535
-2847.149961
-2847.083941
-2847.150477
-2847.101808
-2847.13826
-2847.122305
-2847.138985
-3117.362709
-2847.157678
-3117.378975
-3117.403912
-114.470524
-115.680336
-384.710495
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PhCH(OH)CHj

CO

-385.899832
-113.281197

a. single-point calculations were performed at the B3LYP-optimized structures

Table S6. Solvation single-point energies (Hartree) for hydrogenation of PhCOCH3
obtained at different theory levels in toluene

_ la PhCOCHj3 1b/16TS
Methods/Basis Sets
E(methods) + AG(sol, methods)

B3LYP/LACVP*(Gas)® -1592.515513 -384.790125  -1977.258634
B3LYP/LACVP*(SMD) -1592.878580 -384.907254  -1977.757274
B3LYP/6-31g**,Lanl2dz(SMD)®  -1592.926264 -384.919419 -1977.818073
B3LYP/6-311+g*,Lanl2dz(SMD)  -1593.167832 -385.001051 -1978.139960
B3LYP/6-311+g*(SMD) -2733.447585 -385.001051 -3118.418172
B3LYP/6-311+g**(SMD) -2733.491213  -385.013667 -3118.476300
B3LYP/6-311++g**,Lanl2dz(SMD) -1593.213545 -385.013760 -1978.199186
MO06/LACVP*(SMD) -1592.211110  -384.627952  -1976.819279
MO6/LACVP*(PCM)* -1592.164971 -384.611132  -1976.757782
M06/6-31g**,Lanl2dz(SMD) -1592.256571  -384.639053  -1976.877467
MQ06/6-31g**(SMD) -2732.376140 -384.639053  -3117.007704
MO06/6-311+g*(SMD) -2732.665831 -384.710495  -3117.362709

a. B3LYP-optimized energies in gas. b. SMD single-point calculations were performed
at the B3LYP-optimized structures. c. PCM single-point calculations were performed at
the B3LYP -optimized structures.

Table S7. The bond distances involved hydrogen-transfer of the geometries on the IRC
of 1b/15TS. All units are A.

IRC H-CH,O Fe-H CpO-H H-OCH.
9.85898 1.14542 1.83694 1.7082 0.99206
9.5947 1.14557 1.83723 1.70808 0.99188
9.3543 1.14531 1.83727 1.70706 0.99201
9.09021 1.1455 1.83786 1.70743 0.99194
8.84039 1.14532 1.83813 1.70656 0.99194
8.57143 1.14528 1.83846 1.70662 0.99208
8.32913 1.1451 1.83896 1.70613 0.99223

8.065 1.14494 1.83922 1.70606 0.99166
7.80958 1.14422 1.83953 1.70571 0.99203

S7



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2013

7.5454
7.29457
7.04266
6.79641
6.54936
6.30922
6.07332
5.83386
5.59618
5.35619
5.09815
4.84888
4.59234
4.34292
4.09395
3.83209
3.60713
3.34861
3.10888
2.88729
2.63839
2.37417

2.1087
1.84571
1.59949
1.44631
1.30249
1.03823
0.78642
0.52934
0.26508
0.00000
-0.26382
-0.53078
-0.79787
-1.06445
-1.33238
-1.59982
-1.86764
-2.13557
-2.40113

1.14529
1.14472
1.14463
1.14473
1.14417
1.14344
1.14374
1.1422
1.1416
1.14015
1.13974
1.14073
1.1394
1.13682
1.13693
1.13652
1.13637
1.13669
1.13645
1.13827
1.1401
1.13871
1.14066
1.1464
1.15462
1.16829
1.19103
1.23236
1.27779
1.32848
1.38061
1.43583
1.48959
1.5424
1.59248
1.64207
1.68722
1.72935
1.76939
1.80706
1.84527

1.83997
1.84039
1.84084
1.84169
1.84308
1.84492
1.84724
1.85061
1.85411
1.8571
1.85742
1.85488
1.84948
1.84329
1.83739
1.83159
1.82648
1.81934
1.80923
1.79638
1.78377
1.77285
1.76239
1.75286
1.74512
1.73658
1.72015
1.68856
1.6559
1.62644
1.60321
1.58192
1.56518
1.55033
1.53939
1.52862
1.52319
1.51842
1.5159
1.51545
1.51183

1.7052
1.70532
1.7044
1.70419
1.70393
1.70349
1.70221
1.70149
1.69975
1.69648
1.69247
1.68764
1.68223
1.67735
1.67305
1.67191
1.67189
1.6686
1.65654
1.63039
1.59469
1.55377
1.51079
1.46691
1.42435
1.38815
1.33125
1.2137
1.11741
1.0658
1.04149
1.02671
1.01714
1.01203
1.00513
0.99935
0.99728
0.99375
0.99173
0.99103
0.9884

0.99183
0.99227
0.99158
0.99208
0.99216
0.99214
0.99159
0.99247
0.99205
0.99217
0.99294
0.99255
0.99294
0.99338
0.9939
0.99371
0.99409
0.99448
0.99505
0.99659
0.99867
1.00173
1.00481
1.00886
1.0164
1.03435
1.08387
1.20495
1.3183
1.39972
1.45449
1.49588
1.52848
1.55662
1.58021
1.60292
1.62037
1.63826
1.65367
1.66651
1.68222
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-2.66824 1.88011 1.51163 0.98739 1.69447
-2.93621 1.91355 1.51256 0.987 1.70561
-3.2036 1.94581 1.51288 0.98638 1.71735
-3.47003 1.9812 1.51039 0.98438 1.73057
-3.73693 2.01272 1.51069 0.98357 1.74088
-4.00487 2.04232 1.5124 0.98403 1.74939
-4.27116 2.0744 1.51109 0.98218 1.76178
-4.53796 2.10368 1.51148 0.98135 1.7717

-4.8049 2.13115 1.51233 0.98282 1.77941
-5.06366 2.15772 1.5125 0.98235 1.7891

-5.32447 2.18197 1.51339 0.9813 1.79835
-5.57879 2.20597 1.51261 0.97978 1.80697
-5.83708 2.22682 1.5129 0.97974 1.81285
-6.09243 2.24734 1.51245 0.98077 1.81759
-6.35311 2.26708 1.5129 0.97958 1.82145
-6.60261 2.28435 1.51356 0.98038 1.82457
-6.85462 2.30532 1.51298 0.98026 1.82817
-7.11838 2.32517 1.51262 0.97989 1.83204
-7.37005 2.34485 1.51255 0.98047 1.83435
-7.63378 2.36591 1.51244 0.98029 1.83737
-7.89669 2.38748 1.51254 0.97963 1.84066

Figure S2. Free energy AG(gas) profile for the #° — 5 ring slippage mechanism at the
B3LYP level in gas, () indicated AH(gas). (kcal/mol)
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Figure S3. Free energy AG(gas) profile for the CO leaving mechanism at the B3LYP

level in gas, () indicated AH
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Figure S4. Free energy AG(gas) profile for the single proton-transfer mechanism at the
B3LYP level in gas, () indicated AH(gas). (kcal/mol)

S10



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

AG(gas) (kcal/mol
50| AG(@as) ( ) ™S M ussl ([gg.g]) T™S
Ol ;O (34.7) — =0
s AN é/ J— ! ' TMS\\ /OH
oc,,FIe\L’V' A / voc L ™Mok,
40 oc” ; oc” H
11121/ \ 12/113TS
30-
™S
20+ 0
L TMS
; | /! ™S \ oc Fe
f \ [8.5] / | oc
104 ; \ [32] k \ [7.7) 5
/ ™S H o.___OH 24) "
8.5 / R ¢ CH3OH
37 J o oc, | “TMS H, ™S >
[1.1] 8Ty f “Fe—H . 19
ol - oc, | Tms Cf: oc” ‘» © L2
0+ ™S " Fe<H 12 oc, | ™S
oC e---H OH
OH + CH,0 11 OC/ \C/
OC/.I ™S 13 H;
/Fe\H
o 4p

Figure S5. Free energy AG(gas) profile for the single hydride-transfer mechanism at

the B3LYP level in gas, () indicated AH(gas). (kcal/mol)

AG(gas) (kcal/mol) T™MS
40+ TMS [36.5] O@—OH
on &0 [“Tms
—_ 0C
OC/,,F/ ™S N | 0~CH,
e. / . »
30 o= W . -C
N : 14110TS
1bc/)1:'?g2 [224]
P (10.6) TMS
20+ \omra \ ‘O o
TMS oC: “Fe ™S
/ \ oc
/ \ ™S 5
10 / OH \ :
oc, | “Tms —0, CH3OH
1]/ o=c” H ™S H [1.9]
0.7)/ N OC, 1 = (2.5)
o s 0—CH, \ oS0 —
14 ™S CH,
gots s
\ [-9.0] L/
A [9.6] , ™S
oc,,'J ™S oc, | TmMsH 88 @210 F120] . o
104 _Fe—H Fe—q - -22.9),” O
~ (o] - _C ) N
OC1p oc \ —— ™S
CHs ocC., > H
y 10 Fo- 0
CH,0 oc” L
CHy
-20 4

Figure S6. Free energy AG(gas) profile forhe concerted hydrogen-transfer mechanism
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at the B3LYP level in gas, () indicated AH(gas). (kcal/mol)
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Cartesian Coordinates of B3LYP-Optimized Structures in Gas
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