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General. All manipulations of compounds were carried out using standard Schlenk,
high vacuum line, and glovebox techniques under an atmosphere of N,. Solvents were
purchased from Fisher Scientific, degassed, and dried by passing through activated
alumina. THF-dg and CgDg was purchased from Cambridge Isotopes Laboratory and
stored under vacuum over Na/K alloy. All other reagents were purchased from Aldrich
or Acros and dried using standard procedures, when necessary.

'H NMR and *C NMR spectra were recorded on a Bruker DRX-400 spectrometer and
were referenced to the residual protons (or 13C nuclei) of the solvents. FTIR spectra
were recorded on a Magna-IR E. S. P. 560 spectrometer. UV/vis spectra were obtained
using a Thermo UV-1 spectrophotometer. Elemental analyses were performed by
Robertson Microlit Laboratories.

Synthesis and characterization of Cr Complexes

Preparation of ["L™"Cr],(u-n*m*-MeCCMe) (2a): ["L*"Cr], (1) (0.200g, 0.234mmol) was dissolved
in 50ml diethyl ether or toluene in an ampoule with a stir bar. The ampoule was attached to a
vacuum manifold. Approximately 0.1ml of 2-butyne (0.069g, 1.280mmol) was vacuum
transferred over. The color of the solution changed from green to deep-purple immediately. The
mixture was stirred one hour at room temperature. The solvent was removed and the ampoule
was brought back in the dry box, where the residue was extracted with diethyl ether.
Concentration of the filtrate and cooling to -30°C yielded dark purple crystals of 2a (0.164g, 77%
yield). '"H NMR (toluene-ds, 233K): 6.76 (2H, d, aryl, JHH = 7 Hz), 6.17 (2H, d, aryl, JHH = 7 Hz),
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6.64 (2H, d, aryl, JHH = 7 Hz), 6.49 (2H, d, aryl, JHH = 7 Hz), 3.78 (2H, m, iPr, JHH = 6 Hz), 3.53 (2H,
m, iPr, JHH = 6 Hz), 3.24 (2H, m, iPr, JHH = 6 Hz), 2.74 (6H, s, 2-butyne), 2.44 (2H, m, iPr, JHH = 6
Hz), 1.43 (12H, d, iPr, JHH = 6 Hz), 1.31 (12H, d, iPr, JHH = 6 Hz), 1.18 (6H, d, iPr, JHH = 6 Hz),
1.03 (6H, d, iPr, JHH = 6 Hz), 0.34 (6H, d, iPr, JHH = 6 Hz), 0.07 (6H, d, iPr, JHH = 6 Hz) ppm. ‘H
NMR (toluene-dg, 303K): 6.62 (br), 3.79 (br), 3.56 (br), 2.74 (s, 2-butyne), 1.22 (br), 0.27 (br),
0.04 (br) ppm. IR (KBr): 3058 (w), 2960 (s), 2925 (s), 2865 (m), 1531 (s), 1462 (s), 1432 (s), 1382
(w), 1360 (w), 1319 (m), 1268 (m), 1254 (m), 1241 (s), 1218 (m), 1205 (m), 1181 (s), 1109 (m),
1056 (w), 1042 (w), 928 (w), 798 (m), 754 (s). Anal. Calcd. for CsgH7sN4Cr,: C, 73.81; H, 8.63; N,
6.15. Found: C, 73.37; H, 8.48; N, 6.00.% UV/Vis (toluene): Amax (€) = 498 (5723 M cm'l), 707
(5638 M cm™). M. p.: 196 C (dec).

Preparation of ["L™'Crly(u-n*mn*-EtCCEt)-Et,0 (2b): ["L*"Cr], (1) (0.200g, 0.234mmol) was
dissolved in 50ml diethyl ether or toluene in an ampoule with a stir bar. The ampoule was
attached to a vacuum manifold. Approximately 0.1ml of 3-hexyne (0.072g, 0.877mmol) was
vacuum transferred over. The color of the solution changed from green to deep-purple
immediately. The mixture was stirred one hour at room temperature. The solvent was removed
and the ampoule was brought back in the dry box, the residue was extracted with diethyl ether.
Concentration of the filtrate and cooling to -30°C yielded dark purple crystals of 2b (0.153g, 70%
yield). "H NMR (C¢Ds): 8.34 (1H, d, aryl, , JHH = 6 Hz), 7.26 (1H, d, aryl, JHH = 6 Hz), 7.00 (4H, t,
aryl, JHH = 7 Hz), 6.92 (1H, d, aryl, JHH = 7 Hz), 6.73 (2H, d, aryl, JHH = 7 Hz), 6.36 (2H, d, aryl,
JHH =7 Hz), 5.74 (1H, s, backbone), 4.37 (1H, m, iPr), 4.27 (1H, m, iPr), 3.80 (1H, m, iPr), 3.57 (1H,
m, iPr), 3.37 (1H, m, iPr), 3.17 (1H, m, iPr), 3.05 (1H, m, iPr), 2.82 (1H, m, iPr), 2.59 (2H, m,
EtCCEt), 2.34 (2H, m, EtCCEt), 1.64 (3H, d, JHH = 6 Hz, CHs), 1.57 (3H, d, JHH = 6 Hz, CH3), 1.44
(3H, d, JHH = 6 Hz, CHs), 1.39 (3H, d, JHH = 6 Hz, CHs), 1.36 (3H, d, JHH = 6 Hz, CHs), 1.30 (3H, d,
JHH = 6 Hz, CHs), 1.25 (3H, d, JHH = 6 Hz, CH3), 1.21 (3H, d, JHH = 6 Hz, CHs), 1.18 (3H, d, JHH =6
Hz, CHs), 1.15 (3H, d, JHH = 6 Hz, CHs), 1.09 (3H, d, JHH = 6 Hz, CHs), 0.97 (3H, t, JHH = 6 Hz, CH3),
0.77 (3H, d, JHH = 6 Hz, CH3), 0.74 (3H, d, JHH = 6 Hz, CHs), 0.68 (3H, d, JHH = 6 Hz, CHs), 0.25 (3H,
d, JHH = 6 Hz, CHs), 0.03 (3H, d, JHH = 6 Hz, CHs), -0.11 (3H, t, JHH = 6 Hz, CH3) ppm. IR (KBr):
3058 (w), 2960 (s), 2925 (s), 2864 (m), 1580 (w), 1539 (w), 1463 (m), 1383 (w), 1370 (w), 1318
(w), 1255 (w), 1240 (w), 1179 (w), 1108 (w), 1019 (w), 798 (m), 754 (s), 698 (m). Anal. Calcd. for
Cs2H9oN4OCr,: C, 73.48; H, 9.15; N, 5.53. Found: C, 72.58; H, 8.68; N, 5.98.* UV/Vis (toluene): Ayax
(e) =457 (3353 M™* cm™), 501 (3200 M™ cm™), 709 (6393 M cm™). M. p.: 190°C (dec).

Preparation of ["L*'Crl,(u-n*m*-PhCCPh) (2c): Diphenylacetylene (0.042g, 0.234mmol) was
added in 50ml of diethyl ether or toluene solution of ["L*'Cr], (1) (0.200g, 0.234mmol). The
color of the solution changed from green to deep-purple. The mixture was stirred three hours at
room temperature. The solvent was removed and the residue was extracted with toluene.
Concentration of the filtrate and cooling to -30°C yielded dark purple crystals of 2c (0.174g, 82%
yield). 'H NMR (toluene-dg): 7.73 (1H, d, aryl, JHH = 7 Hz), 7.25 (2H, t, aryl, JHH = 7 Hz), 7.19 (1H,
d, aryl, JHH = 7 Hz), 6.94 (4H, t, aryl, JHH = 7 Hz), 6.87 (1H, d, aryl, JHH = 7 Hz), 6.79 (1H, d, aryl,
JHH =7 Hz), 6.60 (1H, d, aryl, JHH = 7 Hz), 6.44 (1H, d, aryl, JHH = 7 Hz), 4.06 (1H, m, iPr), 3.96(1H,
m, iPr), 2.68 (1H, m, iPr), 2.54 (1H, m, iPr), 1.67(1H, m, iPr), 1.52 (3H, d, iPr, JHH = 6 Hz), 1.48 (3H,
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d, iPr, JHH = 6 Hz), 1.43 (br), 1.35 (3H, d, iPr, JHH = 6 Hz), 1.23 (6H, t, iPr, JHH = 6 Hz), 1.16 (6H, t,
iPr, JHH = 6 Hz), 1.09 (3H, d, iPr, JHH = 6 Hz), 0.93 (6H, t, iPr, JHH = 6 Hz), 0.73 (br), 0.43 (3H, d,
iPr, JHH = 6 Hz), 0.33 (3H, d, iPr, JHH = 6 Hz), 0.13 (br), -0.13 (3H, d, iPr, JHH = 6 Hz) ppm. IR (KBr):
3060 (w), 2960 (s), 2923 (s), 2866 (m), 1653 (w), 1689 (w), 1461 (s), 1460 (m), 1383 (w), 1362 (w),
1320 (w), 1258 (w), 1178 (w), 1105 (w), 1057 (w), 798 (m), 754 (m), 699 (m). Anal. Calcd. for
CesHsaN4Cra: C, 76.56; H, 7.98; N, 5.41. Found: C, 74.86; H, 8.04; N, 5.11.% UV/Vis (toluene): Amax
(€) =516 (5000 M™* cm™), 677 (2806 M™ cm™). M. p.: 183°C (dec).

Preparation of [ML™"Cr],(CFsCCCFs) (3): ["L*"Cr], (1) (0.200g, 0.234mmol) was placed in an
ampoule with a stir bar and 50mL diethyl ether and attached to a vacuum manifold. Three
freeze-pump-thaw cycles were performed followed by condensation of excess hexafluoro-2-
butyne (approximate 1mmol). The solution was warmed up to room temperature and stirred for
15 mins during which time the colored changed from green to dark purple. The hexafluoro-2-
butyne and diethyl ether were removed and the ampoule brought back into the dry box, where
the residue was extracted by toluene. The solution was concentrated and cooled to -30°C to
yield dark purple crystals of 3 (0.118g, 50%). "H NMR (C¢Dg): 8.07 (br), 7.55 (br), 6.70 (br), 6.60
(br), 6.00 (br), 4.90 (br), 3.80 (br), 3.26 (br), 2.76 (br), 1.88 (br), 1.50 (br), 1.28 (br), 1.15 (br),
0.90 (br), 0.40 (br), -0.27 (br), -0.46 (br) ppm. UV/Vis (toluene): Amax (g) = 498 (2354 M™ cm™),
626 (1422 M cm™), 751 (741 M cm™). 3 is too thermally unstable to attempt characterization
by elemental analysis.?

X-ray structural analysis for 2a, 2b, 2be(diethylether), 2c*(toluene), and 3¢2.5(toluene): crystal
data and refinement details are summarized in Table 1S. A diethylether solvated crystal phase of
2b is also included in the CIF deposition. Crystals were selected and mounted on plastic mesh
using viscous oil flash-cooled to the data collection temperature. Data were collected on a
Briiker-AXS APEX CCD diffractometer with graphite-monochromated Mo-Ka radiation
(A=0.71073 A). Unit cell parameters were obtained from 60 data frames, 0.32 w, from three
different sections of the Ewald sphere. The systematic absences in the data and the unit cell
parameters were consistent to C2/c and Cc for 3¢2.5(toluene); and, uniquely, for P2,/n [=P2,/c]
for the others. The centrosymmetric space group option yielded chemically reasonable and
computationally stable results of refinement for 3¢2.5(toluene). The data-sets were treated with
SADABS absorption corrections based on redundant multiscan data.' The structures were solved
using direct methods and refined with full-matrix, least-squares procedures on F*. Molecules of
solvation for 2ce(toluene), and 3¢2.5(toluene) were treated as diffused contributions (Squeeze,
Platon).? All non-hydrogen atoms were refined with anisotropic displacement parameters. All
hydrogen atoms were treated as idealized contributions. Atomic scattering factors are
contained in the SHELXTL 6.12 program library (Sheldrick, G. M., op. cit.). The CIFs are deposited
with the CSD under CCDC 839343 — 839347.

® The thermal stabilities of the alkyne complexes decrease in the order 2a > 2b > 2¢ > 3;
deviations in the elemental analyses are likely due to partial sample decomposition during

shipping.
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Table 1S. Crystallographic data for complexes 2a-c and 3

2a 2b 2c'toluene 32.5toluene
Formula CseH7sCroNy CsgHgoCroNy C73HgoCrN, Cy3.5Hg,CroFgN,
Fw 911.22 939.28 1127.49 1249.51
space group P2(1)/n P2(1)/n P2(1)/n C2/c
Color purple purple purple Purple
a, A 13.627(3) 13.145(3) 18.399(4) 28.416(5)
b, A 19.352(4) 23.048(6) 13.333(3) 23.911(4)
¢, A 20.122(4) 18.413(5) 27.223(6) 21.946(4)
a, deg 90 90 90 90
8, deg 100.097(4) 105.677(4) 106.668(4) 104.553(4)
y, deg 90 90 90 90
v, A’ 5224.3(17) 5371(2) 6397(3) 14433(5)
Z 4 4 4 8
D(calcd), g cm™ 1.159 1.162 1.171 1.150
u(Mo Ka), mm™ 0.454 0.444 0.384 0.358
temp, K 200(2) 200(2) 200(2) 200(2)
no. data/params 13006 / 577 13376/ 595 15966 / 665 17963 / 629
GOF on F? 1.004 1.038 1.018 1.014
R(F), ° 0.0651 0.0641 0.0696 0.0594
Ru(F?),* 0.1368 0.1576 0.1532 0.1256
*Qantity minimized: R, (F’) = Z[w(F, - F.')1/2[(WF,")'1"%; R = SA/3(F,), A = |Fo - Fol.
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Fig. 1S The molecular structure of 2b with thermal ellipsoids at the 30% probability level; H-
atoms and ligand isopropyl groups have been omitted for clarity. Selected distances [A] and
angles [°]: Cr1—Cr2 1.9361(7), Cr1—N1 1.908(2), Cr1-N4 1.893(2), Cr2—N2 1.926(2), Cr2-N3
1.945(2), Cr1-C56 2.073(3), Cr2—C55 1.963(3), C55-C56 1.315(4), N1-C1 1.376(3), C1-C2
1.355(4), N2—C2 1.368(3), N3—-C27 1.372(3), C27-C28 1.347(4), N4—C28 1.380(3), N1-Cr1-Cr2
106.16(6), N1-Cr1-N4 142.37(9), Cr2—Cr1-N4 102.66(6), N1-Cr1-C56 106.69(11), Cr2—Cr1-C56
66.97(9), N4-Cr1-C56 106.57(11), N2—-Cr2—-N3 126.13(9), N2—-Cr2—Crl 103.96(6), N3—Cr2—Cr1l
103.39(6), N2—Cr2—-C55 118.42(11), N3—Cr2—C55 108.12(11), Cr1-Cr2—-C55 87.78(9).
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Fig. 2S The molecular structure of 2ctoluene with thermal ellipsoids at the 30% probability level;

H-atoms, solvent molecules and ligand isopropyl groups and toluene solvent molecule have
been omitted for clarity. Selected distances [A] and angles [°]: Cr1—Cr2 1.9186(7), Cr1-N1
1.935(2), Cr1-N3 1.928(2), Cr2—N2 1.915(2), Cr2—N4 1.910(2), Cr1-C53 1.992(3), Cr2—C54
2.056(3), C53-C54 1.339(4), N1-C1 1.366(3), C1-C2 1.355(4), N2—C2 1.378(3), N3—-C27 1.370(3),
C27—C28 1.345(4), N4-C28 1.380(3), N1-Cr1—-Cr2 104.06(7), N1-Cr1-N3 129.12(9), Cr2—Cr1-N3
105.56(7), N1-Cr1-C53 119.99(11), Cr2—Cr1-C53 81.04(8), N3—-Cr1-C53 104.85(11), N2—Cr2—N4
134.28(9), N2—Cr2—-Cr1 106.32(6), N4—Cr2—Cr1 103.51(6), N2—Cr2—-C54 110.11(11), N4-Cr2—-C54
111.55(10), Cr1-Cr2—-C54 72.29(8).
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Calculations. Geometry optimizations of the full structures were performed using gradient-
corrected density-functional theory (DFT) in C; symmetry. Exchange and correlation were treated
by a combination of Becke's exchange (B) and Lee, Yang and Parr's correlation (LYP) functional
(BLYP).*® A self-consistent-field (SCF) convergence criterion of 10 hartree and the standard grid
(m3) for numerical quadrature were used.® Basis sets of double-zeta quality with polarization
functions on all atoms (def2-SVP)” were used for all atoms except for the metal where we used
basis sets of triple-zeta quality with polarization functions for the valence electrons (LANLO8(f))
and treated the core electrons by an effective core potential (LANL2DZ ECP). For structure
optimizations all energy and gradient calculations were carried out using the TURBOMOLE V5.10
suite of programs 8 within the multipole accelerated RI-J approximation (MARI-J).> The geometry
optimizations were driven by Gaussian 03 using the Berny algorithm employing redundant
internal coordinates and standard convergence criteria.'® Initially the functionals BP86, PBE,
BLYP, TPSS, B3LYP, PBEO, VSXC, tHCTH, B3PW91 were considered and their performances in
reproducing the crystallographic structure of 1 were compared. BLYP was selected for giving
closest agreement with the experimental data. All reported structural parameters refer to singlet
ground state structures.

For NBO/NPA analysis single point calculations with the same basis sets, ECPs and functional
were performed with the ORCA 2.7.0 program to generate gennbo input files. These were
processed with the gennbo program (version 5.0).

Single point energy calculations employing full electron basis sets of triple-z quality with
polarization functions for all atoms (def2-TZVP) were done with the ORCA 2.7.0 program.™ The
resolution of identity (RI) approximation as well as the chain of spheres approximation (RIJCOSX)
were used.
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