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Table S1. Crystal data and summary of data collection and refinement for 1, and 3-5.2°

Temperature, K 143(2) i40(2) 140(2) i40(2)

formula C3z4HsgFeNy CssHg1FeNsSI CogHssFePy Cy3H74FeNg
fw 578.69 647.83 522.40 730.93

crystal system Hexagonal Orthorhombic Monoclinic Monoclinic
space group R3 Pbca P2./c P2i/c

a, A 27.826(3) 18.8526(14) 15.0186(14) 22.574(2)

b, A 27.826(3) 19.5760(15) 10.5172(10) 9.7981(9)

c, A 13.4682(14) 20.9753(16) 20.224(19) 20.4582(18)

a, deg 90 90 90 90

B, deg 90 90 105.155(2) 96.290(2)

y, deg 120 90 90 90

v, A 9030.9(17) 7741.1(10) 3083.5(5) 4497.8(7)

Z 9 8 4 4

deatca, g/cm’ 0.958 1.112 1.125 1.079

20 range, deg 3.46 t0 61.02 3.57-61.09 2.80-61.16 1.81-61.06

GOF (F% 1.023 1.017 1.032 1.024

R1° 0.0563,% 0.0799° 0.0520," 0.0974° 0.0360,° 0.0543° 0.0428," 0.0684°
WR2° 0.1294,°0.1386° 0.1322,0.1618° 0.0951,%0.1073° 0.1098," 0.1240°

& Collected using Mo Ka radiation (A = 0.71073 A). PR1 = 3[(Fo — Fo)] / (Fo). ¢ WR2 = {Z[W(F,”
R/ EwW(RT™ 1> 20(D). © All data.
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Figure S1. Frontier UNO energy level diagram for (IPr,Me,),Fe(C=CBU"), (S = 2) and selected

UNO plots.
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uno 151 (-0.237 eV)

Fe center. 26% Fe4s
AlkynylA: 4% C2p+10% C2p  AlkynylB: 5% C 2p +12% C 2p
Carbene A: 4% C2s+11% C2p CarbeneB: 4% C2p +11% C2p

Figure S2. The UHF natural orbital 151 of (IPr,Me,),Fe(C=CBuU"), (S = 2), depicted using
isodensity at 0.03 au.
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uno 146 (-0.306 eV)

Fe center. 54% Fe 4p
AlkynylA: 15% C2p +15% C 2p
AlkynylB: 1% C2p +1% C 2p

Figure S3. The UHF natural orbital 146 of (IPr,Me,),Fe(C=CBuU"), (S = 2), depicted using
isodensity at 0.03 au.
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Figure S4. Molecular structure of 4, showing 30% probability ellipsoilds and the partial atom
numbering scheme. Selected bond distances (A) and angles (deg): Fe(1)-C(1) 1.9495(16),
Fe(1)-C(2) 1.9420(16), Fe(1)-P(1) 2.2197(5), Fe(1)-P(2) 2.2274(5), Fe(1)-P(3) 2.2320(5), Fe(1)-P(4)
2.2262(5). C(1)-C(3) 1.222(2), C(2)-C(8) 1.223(2).

S6



1.010
1.000+
0990 oo e
0gs0 .

0.970-

relative transmission

0.960 ¢

0.950¢

0.940 ; = = = ;
40 20 0 20 40

velocity(mm/s)

Figure S5. The zero-field °’Fe Mé&sbauer spectrum of (IPr,Me,),Fel, recorded at 80 K.
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Figure S6. GC-Yields of organic products versus time for the reaction of 1 (0.30 mmol) with I,

(0.30 mmol) in THF (2 mL).
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Figure S7. 'H NMR spectra of the reaction of 1 (0.04 mmol) with I, (1 equiv.) in CsDg (0.4 mL)
after 10 min (upper), after 6 h (middle), and the reaction of 1 (0.04 mmol) with n-CgHy7Br (1
equiv.) in CgDg (0.4 mL) after 43 h (bottom). Peaks labeled with stars are signals of the

intermediates, presumably (IPr,Me,),Fe(C=CBuU")X (X = I or Br).
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Figure S8. *H NMR spectrum of [(IPr,Me,),Fe(C=CBU"),] (1) in THF-ds.
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Figure S9. *H NMR spectrum of [(IPr.Me,),Fe(C=CBu')(NHMes)] (2) in C¢Ds.
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Figure $10. *H NMR spectrum of [(IPr,Me,),Fe(C=CTMS)(NHMes)] (3) in C¢De.
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Figure S11. 'H NMR spectrum of [(PMes)sFe(C=CBu'"),] (4) in CgDs.
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Figure S12. *C NMR spectrum of [(PMe3)sFe(C=CBU"),] (4) in C¢Ds.
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Figure S13. *'P NMR spectrum of [(PMes),Fe(C=CBu"),] (4) in CgDe.
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Figure S14. *H NMR spectrum of 5 in CgDe.
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Figure S15. *C NMR spectrum of 5 in C¢Ds.

517



NNO O oMWYW MOQNgN Nt ON -
M- ND D~ MN N M~ O o~ DN~ O® o
nwwnwo b Tt B B - oMM 0w N S
Ll o o <t <t <t <t <t NN NNNN - - (=]
~ N e e L ~ |

H NMR, C4Dg, 400 MHz, 302 K

4-Pe-CoHN 2.0

Pr'N"g NPr

.
w
-

1.93

" R
™ N
o o

"
: -
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
ppm

Figure S16. *H NMR spectrum of 6 in CgDe.
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Figure S17. *C NMR spectrum of 6 in dg-THF.

519



¥90°L
Z80°'L
0¥z’
182V
¥0S'L7
Num.l
06.1'L
S08°'L

L26'C—

L66°Y-~
€80°G”

NPr
NPy

L.
®

Pr'N

"H NMR, CgDg, 400 MHz, 302 K
Pr'N

oz
R
+Z6°L
s 00°

1

ol
~oL

ro
LW
o
=
e
G
ms.
L~
9
=)
o
%)
© Q
Y @)
=
N~
o —
© o
e
=)
W =
o) (&)
(¢B)
o
wn
.o o
h =
zZ
7o) I
L © =
0
—
Z o »
: (D)
L€ S
=)
=X
W T
uw
.o
w0
L©
[(o]
=
~
LW
I~

S20



S

~149.688
~148.327

~122.267
/51.792
“50.626
\46.746

3C NMR, C4Dg, 100 MHz, 302 K

PrN 2.NPr

Pr'N GNP

28.325
25.050
24.449
20.856
20.578
—-9.202

/
\

MWWWW

160

150

140

130

120 110 100 9 8 70 60 50
ppm

Figure S19. *C NMR spectrum of 7 in C¢Ds.
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Figure $20. *H NMR spectrum of n-CgHy7-C=CBU" in CDCls.
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Figure S21. *C NMR spectrum of n-CgH17-C=CBu' in CDCls.
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Figure $22. *H NMR spectrum of c-CgH1;:-C=CBuU" in CDCls.
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Figure S23. *C NMR spectrum of c-CgHy;,-C=CBU' in CDCls.
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Figure S24. 'H NMR spectrum of Bu'C=C-I in CDCls.
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Figure $25. **C NMR spectrum of Bu‘C=C-I in CDCls.
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Figure $26. *H NMR spectrum of CH,=CH(CH,),C=CBu'" in CDCl.
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Figure S27. *C NMR spectrum of CH,=CH(CH,),C=CBu' in CDCls.
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Figure S28. The GC graph for the quenched reaction mixture of 1 with n-CgHy7Br.
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Figure S29. The GC graph for the quenched reaction mixture of 1 with n-CgH;,ClI.
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Figure S30. The GC graph for the quenched reaction mixture of 1 with c-CgHy;Br.
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Figure S31. The GC graph for the quenched reaction mixture of 1 with ¢c-CgH;1ClI.
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Figure S32. The GC graph for the quenched reaction mixture of 1 with c-C3HsCH,Br.
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