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ABSTRACT

Macrocyclic Cr'" bis-alkynyl complexes have recently been used as a precursor in the synthesis of mono-
alkynyl complexes, which can serve as synthetic intermediates towards the formation of dissymmetric
bis-alkynyl complexes. The trans stereochemistry is essential to generate stable macrocyclic Cr'' mono-
alkynyl complexes, however, previously explored cyclam (1,4,8,11-tetraazacyclotetradecane) and its deriva-
tives heavily favor the cis isomer after Cr insertion. The C-substituted cyclam MPC (5,12-dimethyl-7,14-
diphenyl-1,4,8,11-tetraazacyclotetradecane) has shown a noteworthy preference towards the trans isomer
upon insertion of Cr, making it desirable for the pursuit of dissymmetric bis-alkynyl complexes in sig-
nificant quantity. Reported herein are the synthesis and characterization of trans-[Cr(MPC)(C,Ar),]* com-
plexes, where Ar is Ph (1), Np (2), or C¢H4'Bu (3). Complexes 1 - 3 have structural and optical properties
similar to previous Cr'" bis-alkynyl complexes based on single-crystal X-ray diffraction, UV-vis and phos-

Phosphorescence

phorescence spectroscopical characterizations.

© 2021 Elsevier B.V. All rights reserved.

1. Introduction

Transition-metal alkynyl complexes have attracted interest for
applications as molecular wires, molecular memory devices, and
optoelectronic materials due to their m-delocalization, redox ac-
tivity of the metal center, and ease of synthesis [1-4]. Based
on donor-bridge-acceptor (D-B-A) complexes containing a trans-
Ptll-bis-alkynyl bridge, it has been demonstrated recently that
the evolution of photo-induced electron transfer (PET) states, no-
tably the formation of the charge-separated (CS) state, can be at-
tenuated by vibrational excitation of the Pt bound C=C bonds
[5,6]. In an effort to expand D-B-A alkynyl chemistry to include
more sustainable 3d metals, our group has investigated the PET
properties of trans-[Co(cyclam)(C;NAPPT)(C,D)]t complexes (cy-
clam = 1,4,8,11-tetraazacyclotetradecane; D = CgH4-4-NMe,, Ph,
or CgHy-4-N(4-MeOPh),) [7,8]. Femtosecond transient absorption
and time-resolved IR spectroscopic studies revealed the formation
of desirable CS states; however, they were quickly deactivated by
the low-lying Co-centered triplet state. Thus, there is a need to
further investigate other D-B-A dyads with macrocyclic 3d metal
bridges that could potentially sustain long-lived CS and metal-to-
ligand charge transfer states.

* Corresponding author.
E-mail address: tren@purdue.edu (T. Ren).
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Macrocyclic chromium alkynyl chemistry emerged with Taube
and co-workers’ [Crl!l(phthalocyanine)(C,Ph),]~ complex [9] in the
late 70’s and has gained traction over the past few decades. Several
Cr''(Me3;TACN)(C,R); complexes (Me;TACN = N,N’,N”-trimethyl-
1-4-7-triazacyclononane; R = GC;SiMes, CyH, C4SiMe;, C4H)
and Cr''(cyclam) bis-alkynyl complexes trans-[Cr(cyclam)(CyR),]*+
(R = G,SiMes, CH, 1,3-C,CgH4CoH) were reported by Berben and
Long [10,11]. The groups of Wagenknecht [12-14], Nishijo [15-18],
and Ren [19] have documented additional Cr''(cyclam) bis-alkynyl
complexes. To date, all examples of macrocyclic Cr'' alkynyl com-
plexes feature symmetric alkynyl ligands, while D-B-A type com-
plexes remain elusive. D-B-A complexes may be accessed in a
stepwise manner, as shown in Scheme 1: a mono-alkynyl inter-
mediate is generated, followed by subsequent addition of a dif-
ferent alkynyl ligand. There are limited literature examples of Cr
mono-alkynyl complexes that can undergo further alkynylation.
Berke and co-workers’ Cr!' and Cr'!! trans-[Cr(dmpe),(C5R), | com-
plexes (R = C,Ph, SiMes, SiEts, and C,SiMes; n = 0, 1) [20] and
our trans-[Cr'(HMC)(C,Ar)CI]* complexes (HMC = 5,5,7,12,12,14-
hexamethyl-1,4,8,11-tetraazacyclotetradecane; Ar = Ph, Np (naph-
thalene), CgH4'Bu, and 3,5-Cl,CgH3) [21] are both viable candi-
dates. Although the analogous cis-Cr(HMC) mono-alkynyl com-
plexes can be prepared [22], they are less robust in solution than
the trans isomer, demonstrating the need for isomeric control of
the reactions in the pursuit of D-B-A complexes. The supporting
macrocyclic ligand plays an essential role in determining the stere-
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Scheme 1. Synthetic pathway for macrocyclic Cr'" alkynyl complexes
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Scheme 2. Synthesis of trans-[Cr(MPC)(C,Ar),]* complexes. Conditions: (i) 5 eq
LiC,Ar in THF, 2 h.

ochemistry of these complexes and further fine-tuning should be
pursued.

The synthesis of C-substituted tetraazamacrocycles has
been discussed in-depth in the work of Curtis [23-25], Lloyd
[26,27], and Hay [28]. Our group has previously explored
Cr'(cyclam’) alkynyl complexes, where cyclam’ is the C-
substituted cyclam derivative HMC or DMC (5,12-dimethyl-1,4,8,11-
tetraazacyclotetradecane) [29-31]. In contrast to cyclam, HMC and
DMC are inexpensive to synthesize and allow for the facile sep-
aration of cis/trans-[Cr(cyclam’)Cl,]Cl starting materials. HMC and
DMC heavily favor the generation of cis-[Cr(cyclam’)Cl,]Cl upon
Cr insertion, with DMC producing a 9:1 ratio of cis/trans isomers
[32]. Although the trans stereochemistry of trans-[Cr(HMC)Cl,]* is
retained throughout the synthesis of trans-[Cr(HMC)(C,Ar),]* and
trans-[Crf(HMC)(C,Ar)Cl]* [21,29], the low yield of trans starting
material limits its potential to produce D-B-A complexes in practi-
cal quantities. It was reported that trans-[Cr(DMC)(C,R),]* can be
generated through arylalkynylation of cis-[Cr(DMC)Cl,]*, however,
the product must be separated from cis-[Cr(DMC)(C;R),]* which
has similar solubility, and the ratio of trans- product synthesized
depends on the C,R ligand employed. Initial interest in the MPC
(5,12-dimethyl-7,14-diphenyl-1,4,8,11-tetraazacyclotetradecane)
ligand in our laboratory stems from the use of its Ni(Il) complex
as a electrocatalyst for CO, reduction [33]. Subsequently, alkynyl
complexes based on Co'l(MPC) were investigated and the MPC
ligand was noted for enabling an energy order of dyyy» < dy,
which led to (quasi)reversible Co(lIlI/Il) reduction [34,35]. Ford
and co-workers reported the synthesis of cis/trans-[Cr(MPC)Cl,]Cl
[36]. The aforementioned starting material has a significant
preference for the trans isomer after Cr insertion (7:1), making
Cr(MPC) a worthwhile ligand framework to pursue in the syn-
thesis of D-B-A complexes. Herein, we report the alkynylation of
trans-[Cr(MPC)Cl,|* (Scheme 2) to generate the novel bis-alkynyl

Fig. 1. ORTEP plot of [1]* at 30% probability level. H atoms and the CI- counterion
were omitted for clarity.

complexes trans-[Cr(MPC)(C,Ar);|*, where Ar = Ph (1), Np (2),
and CgH,4'Bu (3).

2. Results and discussion
2.1. Synthesis

Complexes 1 - 3 were synthesized as depicted in Scheme 2.
trans-[Cr(MPC)Cl,]X (X = CI~ or PFg~) was dried in vacuo and re-
acted with 5 equivalents of the appropriate lithiated arylalkynyl
ligand, LiC,Ar, in THF. After 2 hours, the reaction was quenched
in air and purified over a silica gel plug. In general, the desired
product band was collected and a solid was obtained upon tritu-
ration with Et;0. Recrystallization from minimal CH,Cl, and Et,0
afforded yellow crystalline materials of trans-[Cr(MPC)(C,Ph),]Cl
(1) and trans-[Cr(MPC)(C,CgH,4'Bu), |PFg (3), and orange crystalline
materials of trans-[Cr(MPC)(C;Np),]Cl (2), with yields ranging be-
tween 41-57%. The characteristic v(C=C) peak observed in the FTIR
spectra indicated the successful incorporation of the alkynyl lig-
ands. The identity and purity of complexes 1 - 3 were verified by
ESI-MS and elemental analysis.

2.2. Molecular structures

Complexes 1 - 3 have been characterized with single crystal X-
ray diffraction. The cations were crystallized as the chloride and
hexafluorophosphate salts. Selected bond lengths and angles are
provided in Table 1 and the molecular structures are shown in
Figs. 1-3. All complexes have pseudo-octahedral geometry and the
bis-alkynyl products retain the trans stereochemistry of the start-
ing material. The MPC macrocycle adopts the C-meso configura-
tion, while the macrocyclic N centers adopt a trans-III configuration
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Selected bond lengths (A) and bond angles (°) for 1 - 3 and trans-[Cr(HMC)(C,Ph), |CL.

Table 1
1¢ 2

Cr1-N1 2.079(2)  2.088(2)
Cr1-N2 2.080(2)  2.080(2)
Cr1-N3
Cr1-N4
Cr1-C1 2.076(2)  2.069(2)
Cr1-C9
C1-C2 1.214(3) 1.213(3)
C9-C10
Cr1-C1-C2 173.9(2) 176.3(2)
Cr1-C9-C10
N1-Cr1-N1'/N3 180.0 180.0
N2-Cr1-N2’/N4 180.0 180.0
N1-Cr1-N2 94.24(9)  85.59(7)
N1-Cr1-N2'/N4  85.76(9) 94.41(7)
N2-Cr1-N3
N3-Cr1-N4

3¢ trans-[Cr(HMC)(C,Ph),]Cl
2.085(4) 2.086(1)
2.081(3) 2.078(1)
2.101(1)
2.074(1)
2.059(3) 2.078(2)
2.092(2)
1.202(5) 1.213(2)
1.209(2)
177.4(3) 173.2(1)
168.5(1)
180.0 179.1(1)
180.0 179.3(1)
95.02(14)  95.6(1

84.98(14)  85.1

2 The unit cell revealed two (1) or four (3) crystallographically independent moities;
geometric parameters for only one of them are listed here.

Fig. 2. ORTEP plot of [2]* at 30% probability level. H atoms and counterions (PFg~)
were omitted for clarity.

Fig. 3. ORTEP plot of [3]* at 30% probability level. H atoms, PFs~ counterion, and
disorder were omitted for clarity.

(RRS,S), as depicted in Figs. S1 — S3. Complexes 1 - 3 all contain
a crystallographic inversion center.

The initial crystal structure for 2 contained 50:50 counteran-
ion disorder between CI- and NO3~. Elemental analysis of 2 after
initial recrystallization did not indicate a significant nitrate impu-
rity. After adapting an alternative synthesis and crystallization, the
structure of was determined as the salt of hexafluorophosphate,
which is reported in the text. Because the counteranion has mini-
mal to no observed effect on the resulting optical properties, we

proceeded with characterization. To minimize the chance of fu-
ture counteranion impurities, a PFg~ counteranion exchange was
performed on the trans-[Cr(MPC)Cl,]Cl starting material before the
synthesis of complex 3.

The Cr-C bond length of 2.079(2) A in 1 is comparable
to those observed for trans-[Cr(cyclam)(C,Ph),|* (avg. 2.073 A)
[12], trans-[Cr(HMC)(C,Ph),]Cl (avg. 2.085 A) [29], and trans-
[Cr(DMC)(C,Ph), ]+ (2.089(2) A) [30]. This trend is expected,
as there is a distinct trans-influence experienced by the two
alkynyl ligands [12,29]. A similar trend is observed for 2 with
a Cr-C bond length of 2.069(2) A, while the average of those
for trans-[Cr(HMC)(C,Np),]Cl is 2.078 A [31]. The Cr-C bond
length of 2.059(3) A in 3 is significantly shorter than trans-
[Cr(HMC)(C,CgH4!Bu), JOTS (avg. 2.104 A) [21], and slightly shorter
than complexes 1 and 2, despite the arylalkynyl ligand bearing an
electron donating group. This is likely attributed to variation in
the positions of the para-tert-butylphenylacetylide ligands. In 3, the
Cr1-C1-C2 bond angle is close to linearity at 177.4(3)°, while the
HMC analogue has more distorted Cr-C-C angles of 172.4(5)° and
170.6(4)° [21]. Complex 3 is also more linear than 1 and 2, with
respective Cr-C-C bond angles of 173.9(2)° and 174.1(3)°.

For complexes 1 - 3, the C=C bonds fall within the observed
range (1.150 - 1225 A, esd < 0.010 A) for complexes containing
MC=CR (R = C, Si) bonds [37]. The C=C bond lengths of 1 - 3
are comparable to one another, as well as to the corresponding
bis-alkynyl complexes with cyclam, DMC, and HMC macrocycles
[12,21,29-31].

2.3. UV-vis spectroscopic analysis

The UV-vis absorption spectra of 1 - 3 are shown in Fig. 4.
Structured d-d bands are observed between 350 - 450 nm for 1
and 3, and between 400 - 560 nm for 2. A bathochromic shift of
2 is observed due to increased aromaticity of the ethynylnaptha-
lene ligand, which was previously noted for the analogous cy-
clam and HMC complexes [13,31]. The absorption has been as-
signed to the Ay, — 4T14/4Tog (Oy) transition. The extinction co-
efficients for the d-d bands of complexes 1 - 3 are high in com-
parison to trans-[Cr(MPC)Cl,]CI [36], supporting the presumption
of partial charge-transfer character due to d-m(C=C) mixing [29].
Among the three complexes, the t-Bu group in 3 renders the
phenylethynyl a stronger = donor than the plain phenylethynyl
in 1, and hence more intense d-d bands. On the other hand, the
extensive m-delocalization in naphthalene makes the ethynyl in
2 less m donating than that in 1, and thus weaker d-d bands.
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Fig. 4. UV-vis absorption spectra of 1 - 3 as CH,Cl, solutions.

We note that similarly low extinction coefficients (between 100-
200 M~! cm~1) were reported for trans-[Cr(cyclam)(C,Np),]OTf
[13] and trans-[Cr(HMC)(C;Np),]CI [31]. Intense absorptions below
330 nm (not shown) are associated with intraligand m-7* and
charge transfer transitions (see Figure S4.3 in SI). Hence, the differ-
ence in the extinction coefficients among compounds 1 - 3, merely
hundreds, is dwarfed by the intense w-7* bands in the full spectra.
The 4T1g term typically observed in trans-[Cr(cyclam’)Cl,]* com-
plexes is likely hidden beneath the charge transfer bands or be-
yond the UV-vis window [29] because the replacement of a halide
with an alkynyl ligand leads to a stronger ligand field.

The origin of the highly-structured d-d bands may be deter-
mined from the vibronic spacing of the absorption spectra. The cal-
culated vibronic progressions of complexes 1 - 3 are found in Table
S2. The average spacing of 1 and 3 are 872 and 841 cm™!, respec-
tively, which are consistent with aromatic out-of-plane C-H bend-
ing [14]. The irregularly spaced vibronic progressions of 2 have an
average spacing of 1090 cm~!, which closely aligns with phenyl
ring deformations of the Np ligand or aromatic C=C stretching
modes [31].

2.4. Emission studies

The emissive nature of Cr''l complexes is well established [38].
For the pseudo-octahedral Cr'' complexes 1 - 3, phosphorescence
can occur as a result of intersystem crossing from the 4Ty, or 4T2g
excited states to two possible lower-lying doublet states, “T;g and
2Eg [39]. Emission spectra of 1 - 3 are displayed in Fig. 5 and
relevant parameters are compiled in Table 2. The spectra exhibit
fine structuring at 77 K with emission centered around 750 nm,
which is red-shifted from the 650-710 nm range observed for tra-
ditional 2E; — “Ay, emitters [40]. The room temperature emis-
sion spectra are broad and structureless, which is indicative of
2T1g (0y,) emission. Based on these findings, the observed emis-
sion has been assigned as 2T1g — 4A2g (Oy)- A secondary tran-
sition is observed in the spectra of 2 and 3 at 77 K, which has
been previously observed for trans-[Cr(HMC)(C,Np), ]+ and trans-
[Cr(HMC)(C,CgH4'Bu); I+ and has been assigned to a 2E; — A4
(Op) transition. The room temperature spectra do not exhibit 2E,
(0y,) emission. Although a strong 0-0 transition should be for-
bidden for a centrosymmetric complex [38], it is likely that ro-
tation of the ethynylnapthalene and para-tert-butylphenylacetylide
ligands induce enough asymmetry to make the transition more
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allowed [14,30]. The fine structuring observed in the phospho-
rescence spectra of 1 — 3 at 77 K is believed to be of vibronic
origin [41]. Because the trans influence results in elongated Cr-C
bonds, bis-alkynyl complexes exhibit less structured emission spec-
tra than mono-alkynyl trans-[Cr(HMC)(C,Ar)Cl]* type complexes
due to weaker vibronic coupling [21].

At 77 K, complexes 1 - 3 exhibit phosphorescence lifetimes of
369 ws, 333 us, and 372 us, respectively. The lifetimes were cal-
culated from decay curves generated by measuring the emission
intensity at increasing delay times (Figs. S5 - S10). The room tem-
perature lifetimes are significantly reduced, with lifetimes of 130
us, 60 us, and 56 us for 1 - 3, respectively. The phosphorescence
lifetimes at 77 K and room temperature of complexes 1 - 3 are of
similar magnitude to previously reported HMC and DMC Cr'!! bis-
alkynyl complexes [21,29-31].

3. Conclusion

An advantage of MPC over previously employed tetraazamacro-
cycles is that it favors the trans isomer upon insertion of Crll,
resulting in higher yields of trans-[Cr(MPC)Cl,]* starting mate-
rial, and thus higher quantities of trans-[Cr(MPC)(C,Ar),|* after
alkynylation. Tuning the macrocyclic ligand framework afforded
bis-alkynyl complexes with similar properties to the previously re-
ported Cr'l cyclam and cyclam’ analogues, but in larger quantity.
The increased amount of trans-[Cr(MPC)(CAr)?]* will aid the fur-
ther pursuit of a dissymmetric Cr!!! bis-alkynyl complex, which will
allow for further study of PET processes in 3d metal alkynyl com-
plexes.

4. Experimental
4.1. Materials

Phenylacetylene was purchased from Oakwood Chemical and
used without further purification. MPC [27], TMS-C,Np [42], and
TMS-C,CgH4!Bu [43], were prepared according to literature pro-
cedures. An adapted literature procedure [44| was used to gener-
ate trans-[Cr(MPC)Cl,|Cl [36] as further described in Appendix A.
The trans-[Cr(MPC)Cl,]PFs analogue was synthesized from trans-
[Cr(MPC)CL,]Cl via anion exchange with aqueous KPFg followed
by an extraction into CH,Cl,. Tetrahydrofuran was freshly distilled
over Na/benzophenone. The preparation of 1 - 3 was performed
under a dry N, atmosphere using standard Schlenk procedures and
the resulting complexes were purified under ambient conditions.

4.2. Physical measurements

ESI-MS were analyzed on an Advion Mass Spectrometer. Ele-
mental analysis was performed by Atlantic Microlab, Inc in Nor-
cross, GA. UV-vis spectra were obtained with a JASCO V-670 spec-
trophotometer as CH,Cl, solutions. Emission data were recorded
on a Varian Cary Eclipse fluorescence spectrophotometer. FT-IR
spectra were measured as neat samples with a JASCO FT/IR-6300
spectrometer equipped with an ATR accessory.

4.3. Synthesis of trans-[Cr(MPC)(C,Ph),]Cl (1)

A suspension of trans-[Cr(MPC)Cl,]Cl (0.20 g, 0.37 mmol) in 30
mL THF was combined with 5 equivalents of LiC,Ph (prepared from
1.9 mmol HC,Ph in THF and 2.5 mmol n-Buli). The reaction mix-
ture was stirred for 2 h at room temperature. After quenching the
reaction in air, solvent was removed via rotary evaporation. A sil-
ica gel plug was used for purification and 1 was eluted with 9:1
CH,Cl,:MeOH to afford 0.14 g of a yellow solid (57% yield based on
Cr). Single crystals suitable for X-ray diffraction were grown from
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Fig. 5. Emission spectra of (a) 1, (b) 2, and (c) 3 at 77 K in 4:1 EtOH:MeOH and room temperature in degassed MeCN.
Table 2

Photophysical data for complexes 1 - 3.

Frozen Glass °

Room Temperature ©

Aex (nm) Aem (nm) T (ps) Aex (nm) Aem (nm) T (ps)
1 405 749 369 405 752 130
2 466 752 333 466 755 60
732¢ 206
3 406 750 372 406 754 56
730¢ 316
trans-[Cr(HMC)(C,Ph),|CI 425 744 469 425 746 164
trans-[Cr(HMC)(C,Np); ICl 445 747 447 445 747 218
727¢ 362
trans-[Cr(HMC)(C,CeHy'Bu)1C1 403 745 479 403 748 117
726¢ 345

2 Measured at 77 K in a 4:1 EtOH/MeOH glass
b Measured at room temperature in degassed MeCN
¢ 2E; — *Ay, emission

slow diffusion of Et,0 into MeOH. Elem. Anal. Found (Calcd) for
trans-[Cr(MPC)(C,Ph), |Cle2H,0 (recrystallized from CH,Cl,/Et;0):
C, 67.85 (68.02); H, 6.85 (7.13); N, 7.86 (7.93). UV-vis, Amax / nm (e
/ M~em~1): 353 (600), 362 (670), 374 (680), 388 (650), 402 (670),
416 (440), 433 (380). FT-IR v(C=C) | cm~!: 2082w. ESI-MS [M*]:
634 m/z for the cationic species.

4.4. Synthesis of trans-[Cr(MPC)(C,Np),|Cl (2)

A suspension of trans-[Cr(MPC)Cl,]Cl (0.25 g, 0.46 mmol) in
30 mL THF was combined with 5 equivalents of LiC,Np (pre-
pared from 2.32 mmol TMS-C,Np in THF and 3.0 mmol n-
BuLi). The reaction mixture was stirred for 2 h at room tem-
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perature. After quenching the reaction in air, solvent was re-
moved via rotary evaporation. A silica gel plug was used for
purification and 2 was eluted with 9:1 CH,Cl,:MeOH to afford
0.15 g of an orange solid (41% yield based on Cr). Single crys-
tals suitable for X-ray diffraction were grown from vapor diffu-
sion of Et,0 into MeOH. Complex 2 was further purified by re-
crystallization from minimal CH,Cl, and Et,O after the crystallo-
graphic data indicated the presence of a NO3~ counteranion impu-
rity. Elemental analysis of the recrystallized sample indicated the
NO3~ impurity was no longer present. Elem. Anal. Found (Calcd)
for trans-[Cr(MPC)(C;Np),]CleCH,Cl,4.5H,0 (recrystallized from
CH,Cl, [Et,0): C, 62.82 (62.85); H, 6.56 (6.57); N, 6.42 (5.98). UV-
Vis, Amax / nm (e [ M~Tcm~1): 439 (190), 468 (180), 502 (140), 528
(70), 543 (80). FT-IR v(C=C) / cm~': 2071w. ESI-MS [M*]: 734 m/z
for the cationic species.

Synthesis of trans-[Cr(MPC)(C,Np),J(PFs) ([2]PFg).

A suspension of trans-[Cr(MPC)Cl,|PFg (0.100 g, 0.15 mmol) in
25 ml THF was combined with 10 equivalents of LiCNp (pre-
pared from 1.97 mmol HC;Np in THF and 1.97 mmol n-BuLi).
The reaction mixture was stirred for 2 h at room temperature
before quenching the reaction in air and filtering through Celite.
The solvent was removed via rotary evaporation. The complex was
purified over a silica gel column and PFg was eluted using 9:1
CH,Cl,:MeOH mixture to afford 20.8 mg of orange solid (16% yield
based on Cr). Single crystals suitable for X-ray diffraction were
grown from slow diffusion of Et,0 into CH,Cl,.

4.5. Synthesis of trans-[Cr(MPC)(C,CgH4'Bu), |PFg (3)

A suspension of trans-[Cr(MPC)Cl, |PFg (0.250 g, 0.39 mmol) was
generated upon the addition of 25 mL THF and 5 equivalents of
HC,CgH,4 Bu (0.34 g, 1.93 mmol). A dry ice-acetone bath was used
to cool the flask, and then 1.0 mL (2.5 mmol) 2.5 M n-BuLi was
added. The reaction mixture was stirred for 2 h at room tempera-
ture. After quenching the reaction in air, solvent was removed via
rotary evaporation. A silica gel plug was used for purification and 3
was eluted with 9:1 CH,Cl,:MeOH to afford 0.18 g of a yellow solid
(53% yield based on Cr). Single crystals suitable for X-ray diffrac-
tion were grown from slow diffusion of Et;O into MeOH. Elem.
Anal. Found (Calcd) for trans-[Cr(MPC)(C,CgH4'Bu), |PFge2H,0 (re-
crystallized from CH,Cl,/Et;0): C, 62.31 (62.12); H, 7.08 (7.17); N,
5.76 (6.04). UV-vis, Amax [ nm (¢ /[ M~lecm~1): 358 (1210), 366
(1260), 377 (1260), 392 (1240), 405 (1340), 419 (830), 437 (780).
FT-IR v(C=C) | cm~!: 2082w. ESI-MS [M*]: 746 m/z for the cationic
species.

4.6. X-ray crystallographic analysis

Single crystal X-ray data were collected at 150 K on a Bruker
Quest diffractometer with kappa geometry, an I-u-S microsource
X-ray tube, laterally graded Goebel mirror for monochromatiza-
tion, a Photon-II (1 and (CI/NO3)) or Photon-III (3) area detector
and an Oxford Cryosystems low temperature device with CuKo
(A = 1.54178 A) radiation. Single crystal X-ray data for PFg were
collected a Photon II area detector and an Oxford Cryosystems low
temperature device with MoKo (A = 0.71073 A) radiation. Data for
1, 2, and 3 were collected and processed using APEX3 [45] and re-
duced using SAINT [45], space groups were assigned using XPREP
within the SHELXTL [46] suite of programs and solved using ShelXS
[47]. All structures were refined using Shelx2018 and the graphi-
cal interface Shelxle [48,49]. In some of the structures (1, PFg and
3) only part of the solvent molecules were sufficiently resolved to
model, and were included as partially occupied. Based on the XRD
data it was not possible to determine whether the remaining vol-
ume remained unoccupied, or if additional highly disordered sol-
vate molecules are present. A complete removal of the partially oc-
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cupied solvent molecules via the Squeeze procedure did not sub-
stantially improve the overall quality of the structure, and we thus
decided to include the resolved fraction of the void content as par-
tially occupied solvate molecules. Further refinement details and
crystal data are provided in Appendix A.
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