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Abstract: Searching for a connection between the two-electron redox
behavior of group 14 elements and their possible use as platforms for
the photoreductive elimination of chlorine, we have studied the
photochemistry  of  [(0-(Ph,P)CsH.).GeVCI,JPt'Cl, and  [(o-
(Ph,P)CeH,).ClGe"|Pt"Cl; two newly isolated isomeric complexes.
These studies show that, in the presence of a chlorine trap, both
isomers convert cleanly into the platinum germyl complex [(o-
(Ph,P)CsH,).CIGe"]Pt'Cl with quantum yields of 1.7% and 3.2% for
the Ge'V-Pt' and Ge"-Pt" isomers, respectively. Conversion of the
GeV-Pt" isomer into the platinum germyl complex is a rare example of
a light induced transition metal-main group element bond forming
process. Finally, transient absorption spectroscopy studies carried
out on the Ge'"-Pt" isomer point to a ligand arene-CI' charge-transfer
complex as an intermediate.

Introduction

The photo-oxidation of halide anions (X°) has been the subject of
intense investigation because of its connection to light-driven HX
splitting processes as well as for the inherent thermodynamic
challenges it presents.™ The past few years have witnessed the
emergence of different approaches that rest either on the use of
metal-based photocatalysts,? or photolabile late transition metal
complexes.Bl High-valent platinum halide complexes are some of
the most thoroughly explored examples of such platforms.®
Owing to their electronic structure predisposition and the
accessible light-induced population of Pt-X antibonding orbitals,
these complexes undergo halogen photoreductive elimination
with quantum yields exceeding 20% in a number of platinum
chlorides,*®1 and peaking at 58% in the case of [(p-
CF3CgH4)(PEt3)2PtCls].[4b!

Bearing in mind that high valent p-block elements are prone to
spontaneous reduction as in the case of PbCl, and AsCls,?!
several groups including ours have launched a fundamental effort
aimed at the identification of main group-containing platforms that
support the controlled photoreductive elimination of halogens.
Some of the best-studied systems include tellurophenedihalides
A (Figure 1) which were shown by Seferos to undergo clean
photolysis into the parent tellurophenes.!!’.  More recently,

antimony has also emerged as a suitable element for halogen
photoreduction chemistry. We reported that [(0-dppp)2
Cl3SbhV]Pd''Cl (B, o-dppp = 0-(Ph,P)CeH4) (Figure 1) undergoes a
clean photoreductive chlorine elimination reaction, which
produces [(o-dppp).CISb"]Pd'CI, thus suggesting that antimony
can support the photoreductive elimination of chlorine.l Nocera
confirmed this possibility by describing an antimony(V)-corrole
dihalide C (Figure 1), which can also be reduced into the
corresponding antimony(lll)-corrole by irradiation.[8! With the view
of broadening the type of elements that support this
photoreductive chemistry, we put forth the hypothesis that group
14 elements with accessible II/IV oxidation states may also be
prone to photoreduction via halogen evolution. To explore this
possibility and elaborating on our prior investigation of complexes
of type B,I"" we have now decided to investigate platinum-
germanium complexes with a dinuclear core designed to support
the coveted light-driven elimination process.
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Figure 1. Examples of photoreductive elimination of chlorine supported by main
group elements, and the approach employed in the current study.

Results and Discussion

As an entry point, we decided to coordinate the known (o-
dppp).GeCl; ligand® to a divalent platinum fragment. Reaction of
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Figure 2. A) Synthesis of 1. B) X-ray crystallographic geometry of 1. Thermal ellipsoids are drawn at the 50% probability level. Phenyl groups are drawn in
wireframe. Hydrogen atoms are omitted for clarity. C) NBO plot of Ip(Pt)-0"(Ge-Cl1), E2 = 2.44 kcal.mol* plotted at an isovalue of 0.05. D) Experimental (solid)
and predicted (dashed) UV-vis spectra of 1. Calculated vertical electronic transitions are represented by blue bars. The inset shows the LUMO and LUMO+1

orbitals of 1 plotted at an isovalue of 0.05.

this ligand with (MeyS),PtCl, in CHCl, afforded [(o-
dppp).GeCl;]PtCl, (1) as an air stable complex (Figure 2A). This
new complex has been characterized by NMR spectroscopy and
X-ray diffraction. Complex 1 displays a broad 3!P NMR resonance
at 5 21.7 ppm flanked by platinum satellites (*Jp; p=3.5x10% Hz).
Comparison of this coupling constant with that of cis-(PhsP),PtCl,
(Jpp=3673 Hz) and trans-(PhsP),PtCl, (YJpp = 2630 Hz)
suggests the cis-coordination of the two phosphine arms of the
ligand to the platinum center of 1.9 Single crystal X-ray
diffraction confirms this conclusion (Figure 2B).'1 A salient
feature of this structure is the Pt—-Ge-CI1 angle, which
approaches linearity. Hence, despite the long Ge-Pt distance of
3.1951 (6) A, the platinum atom appears to be positioned to
engage the germanium center into a Pt—Ge interaction. In
agreement with this view, we note that the Ge-Cl1 bond
(2.2074(10) A) is distinctly longer than the Ge-Cl2 bond
(2.0787(12) A). The o-accepting properties or Z-type ligand
behavior*? of halogermanes have been previously documented
in the case of coinage metal complexes, in which a fluorogermane
moiety acts as the acceptor.*3! The formation of a dative Pt—Ge
interaction in 1 is readily visualized through a Natural Bond Orbital
analysis carried out on the optimized geometry of the complex.
This analysis indicates that three distinct donor-acceptor
interactions contribute to the Pt—Ge dative linkage (Figure S12),
and the strongest interaction is shown in Figure 2C. These three
interactions involve donation of platinum lone pairs of d-orbital
parentage into Ge—Cl o* orbitals. A deletion calculation, carried
out by zeroing the Kohn-Sham matrix elements contributing to
these three donor-acceptor interactions, indicate a weak dative
bond of 6.0 kcal mol™.

This complex has also been characterized by UV-vis
spectroscopy (Figure 2D). It exhibits a broad absorption band
below 290 nm and a shoulder in the near-UV region. The origin
of this lower energy band has been investigated using time-
dependent density functional theory (TD-DFT). This analysis
identifies five vertical excitations as the main contributors to this
feature (Figure 2D, Ea-Eg). It is also interesting to note that these
five vertical excitations have partial ligand-to-metal charge
transfer character (Figure S11) with the antibonding Pt—CI/P
orbitals of dy2.,2 parentage (LUMO and LUMO+1, Figure 2D, inset)
as the accepting orbital. Such electronic structure features are
reminiscent of those encountered in B. It can thus be proposed

2

that irradiation of this complex will promote de-coordination of the
platinum moiety or Pt—Cl bond cleavage. Stimulated by this
possibility, we decided to study the behavior of 1 under irradiation.
Although 1 is thermally stable, we observed that it is indeed light
sensitive. Irradiation of this complex with UV light results in the
gradual disappearance of the 3P NMR resonance of 1 and the
emergence of a new product (2, Figure 3) characterized by a
resonance at 8 57.8 ppm (Jpep= 2885 Hz). When carried out in
CHCly, this reaction was accompanied by formation of several
unidentified minor species, presumably due to oxidative
decomposition of the complex. Addition of a chlorine trap such as
dimethylbutadiene or SMe; (1.0 M) led to a cleaner transformation
and the preponderant formation of 2 (Figure 3). We also noted
the intermediate appearance of a new species (3, vide infra)
detected at 5 37.4 ppm in the 3'P NMR spectrum. The intensity
of this intermediate resonance remained low throughout the
photolysis to ultimately vanish when the starting material 1 was
fully consumed.
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Figure 3. Photolysis of 1 into 2 in the presence of SMe2 monitored by 3P NMR
(light source: 100 W Hg lamp, unfiltered). H3POa in a sealed capillary was used
as an internal standard. The asterisk indicates steady-state formation of 3.
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Figure 4. A) Synthesis of complexes 2 and 3. B) Solid-state structure of 2. Thermal ellipsoids are drawn at the 50% probability level. Phenyl groups are drawn in
wireframe. Hydrogen atoms are omitted for clarity. Selected bond distances and angles: Ge—Pt: 2.3338(4) A, Ge—CI1: 2.2088(10) A, Pt—CI2: 2.3891(8) A; 2Ge—
Pt-CI2: 177.53(2)°, £Cl1-Ge—Pt: 118.45(3)°. C) NBO plot of the d(Pt)-p(Ge) bond plotted at an isovalue of 0.05. D) Solid state structure of 3. Thermal ellipsoids
are drawn at the 50% probability level. Phenyl groups are drawn in wireframe. Hydrogen atoms are omitted for clarity. Selected bonds and angles: Ge—Pt: 2.3892(6)
A, Ge-ClI1: 2.1573(16) A , Pt-CI2: 2.3075(11) A, Pt-CI3: 2.3472 (11) A, Pt—Cl4: 2.4849(12) A; .Ge-Pt-Cl4: 176.40(3)°, 2Cl1-Ge-Pt: 115.15(5)°. E) donor -
acceptor interaction between Pt and Ge plotted at an isovalue of 0.05, E2= 83.11 kcal.mol™. F) relevant resonance forms of 3.

Speculating that 2 was the product of light-induced elimination of
a Cl, equivalent, we decided to attempt its synthesis via an
independent route. To this end, the ligand (o-dppp).GeCl, was
allowed to react with (PhsP),Pt(C2H4) in THF (Figure 4A). This
reaction proceeded to afford compound 2, as indicated by 3P
NMR spectroscopy. A single crystal X-ray diffraction analysis
(vide infra) confirmed that 2 is a divalent platinum-chlorogermyl
complex (Figure 4B),Y thus demonstrating that 1 is indeed a
viable platform for light-induced chlorine evolution. It is also worth
pointing out that complex B[ (Figure 1) is the only other reported
example of a light-assisted bond formation between a main group
element and a transition metal. The Ge-Pt bond distance of
2.3338(4) A in 2 is comparable to that found in [(o-dppp):Ge]PtCl
(2.3545(2) A), a complex that has recently been described.[4
The Pt—Cl (2.3891(8) A) and Ge—Cl (2.2088(10) A) bonds are also
notably longer than the corresponding linkages in 1 (average Pt—
Cl=2.34 A; average Ge—Cl = 2.14 A), in agreement with the more
reduced nature of the dinuclear core of 2. While platinum
complexes such as 2, with a PGeP pincer ligand, are absent from
the literature, we will note that related palladium complexes have
been previously described and used as catalysts.[*]

Given that recyclability is a desirable feature of light-driven
catalytic schemes, we became eager to test whether 2 could be
re-oxidized into 1. We first attempted to carry out this oxidation
using HCI. When carried out in THF under an inert atmosphere,
no sign of oxidation was detected, which led us to consider the
use of PhICI,. Addition of this reagent to a solution of 2 in CH,Cl,
did not afford the expected complex 1 (Figure 4A). Instead, the
reaction was accompanied by the appearance of a signal at 6 37.4
ppm in the 3P-NMR with Jpp=1819 Hz, consistent with a
tetravalent Pt species. In fact, this chemical shift corresponds to
the intermediate (3) observed during the photolysis of 1. Single
crystal X-ray diffraction shows that 3 is a structural isomer of 1,
with the platinum atom in a tetravalent state and c-bonded to the
chlorogermyl ligand (Figure 4D).*Y In agreement with the more
oxidized nature of the complex, the Ge-Cl bond distance in 3
(2.1573(16) A) is distinctly shorter than that in 1 (2.2074(10) A).

3

This bond distance is however comparable to that found in [(o-
dppp)2CIGe]Ir(CO)Cl, (2.182(3) A),®! a complex featuring a
trivalent iridium center. The o-donating properties of the germyl
ligand in 3 leads to a relative elongation of the Pt-Cl4 bond
involving the chlorine atom trans to the germyl ligand (2.4849(12)
Avs. 2.3075(11) A for Pt—CI2 and 2.3472 (11) A for Pt—CI3). NBO
analysis of 2 and 3 shows that the Pt—-Ge o-bond is largely
covalent for both complexes (Figure 4C and 4E). In the case of
2, the NLMO corresponding to the Pt-Ge o-bond shows little
polarization, and the parentage from germanium (47.63%) and
platinum (52.37%) are nearly identical. A different bonding picture
emerges in the case of 3, since the Pt-Ge bond is now described
as a donor-acceptor interaction involving donation of a lone pair
from the dye-y2 platinum orbital into the germanium py orbital
(Figure 4E). This bonding description indicates a shift of the Ge-
Pt bonding density toward platinum as a result of oxidation. This
shift can be rationalized by the increased valence and thus
electronegativity of the platinum center in 3.1  Somewhat
paradoxically, the extreme resonance formula that emerges for
this complex involves a divalent platinate acting as a metallobase
and forming a dative bond with an adjacent germyl cation
(resonance form b, Figure 4F). The changes observed upon
conversion of 2 into 3 bear a parallel in the chemistry of related
platinum antimony complexes, which show a comparable change
in the polarity of the Pt—Sb bond upon oxidation of the platinum
center.[*7] A parallel can also be drawn with
(THF)AI(NPhCH.P'Pr,),Ni(Mes), a nickel-aluminyl pincer complex
with a charge distribution approaching that of a Ni°—AI"
complex.i8l

The steady-state concentration of 3 observed while monitoring
the photolysis of 1 by 3P NMR prompted us to question whether
3 itself can independently undergo photoreductive elimination of
chlorine and yield 2. Therefore, we decided to irradiate 3 and
observed a clean and fast photoreduction. Indeed, monitoring of
the photolysis reaction in the presence of SMe; (50 equivalents)
by 3'P-NMR spectroscopy shows that 3 gradually converts into 2

This article is protected by copyright. All rights reserved

JU| IIUYDS L PUY OLIUBI0S JO 3O AQ §8Y720TZ0Z 9IUe/200T OT/I0PALIOY A8 | M Akeuq 1 putjuo//SANY WO} p3PEO|UMOQ ‘Tt ‘TZ0C ‘€LLETZST

V]

UORIPUOS PLe SWS 1 aUj) 205 Muauulea o Aeiqi eunuoglmru! !jtu:m

8UBD|1 7 SUOWILLIOD BAIIER1D 3|qedt|dde ay Aq pautenob ake sapiie YO ‘9sn Jo sa|ni 10} Ariqiauluo 8|1 uo (suompuoo-pue—SLum/Luoa%m!N\'AJQJq!puuuousénq) St



A
Cl Cl
G‘e SMe,, hv G‘e
| cl -20l \ o
PhZP—(P‘t—PPh2 thP*P‘t*PPhQ e
Cl <“
cl cl g
[Z]
3 2 =
Irradiation: Hg lamp
31 o t =20 min |
(T8 210 [T 170 8 A F e S S RS SR S S S
340 nm ‘ c
| | ‘ t=10 min
° 2 (R gl ey, piies
o
<
©
e ‘
3 [ t=0min | a
Q FREUUTUSIVIVEEUISEPUSS WD U R ®)
< €
14 70 60 50 40 30 20 10 O <
A (nm)
0 T T DS al
300 400 500 600

0.0 ld Ilul i
0

WILEY-VCH

03 p

LUMO of 3

Oscillator Strength

300

. . 'r" . C
6 1 P—PJt— P—Pf—
HES /© cl % Cl
- 1
44t %
R
i d
21- % —y
"l"p
0 4
A (nm)
300 400 500 600 700

Figure 5. A) UV-Vis spectral monitoring of the photo-induced reductive elimination of Clz from 3 (3.5 x 10* M) yielding 2 when irradiated at 340 nm in the presence
of 50 equivalents of SMe2 in CH2Clz. The black, navy, blue, purple, red, olive, and green traces correspond to t = 0, 10, 20, 33, 46, 60, and 80 minutes respectively.
A 75 W Xenon arc lamp was used for this experiment. Inset: Photolysis of a 0.01 M solution of 3 in CH2Cl; in the presence of 1.0 M SMez, using a 100 W Hg lamp,
monitored by 3P NMR. A sealed capillary containing HsPO4 was used as an internal standard. B) Experimental (solid) and predicted (dashed) UV-vis spectra of
3. Calculated vertical electronic transitions are represented by blue bars. C) Transient absorption spectrum generated by subtracting the difference spectrum of a
solution of 3 in CH2Cl2 acquired at a 50 ps time delay from that acquired at a 50 ns time delay (Aex = 355 nm, 4 mJ/pulse, OD = 0.50). The inset shows the possible
structures for the transient intermediate in the photolysis of 3. D) LUMO and LUMO+1 of 3 calculated at the MPW1PW9L1 level of theory and plotted at an isovalue

of 0.05.

(Figure 5A, inset). We will note in passing that TEMPO also
proved to be an efficient reductant under irradiation. Integration
of the resonances of 2 and 3 against that of phosphoric acid in a
sealed capillary showed negligible loss of material. Additionally,
1 appears as an intermediate species during the photolysis,
mirroring the trend observed in the photolysis of 1 (vide supra).
Encouraged by these results, we also decided to study the
photolysis by UV-Vis spectroscopy in CH,Cl, using a solution
containing freshly prepared 3 (1.5 x 10 M) and 50 equiv. of SMe,.
This solution was irradiated at Aex = 340 nm (hex = excitation
wavelength) which was selected based on the UV-vis spectrum of
3. As presented in Figure 5A, the characteristic absorption band
of 3 progressively decreases with time, consistent with the
proposed photochemistry of this platinum compound.
Quantitative analysis of the time-dependent absorption data
obtained under these conditions against potassium ferrioxalate as
an actinometry standard™ afforded a quantum yield of 3.2%. The
quantum vyield increased to 4.2% when the photolysis was
repeated using Aex = 270 nm. These quantum yield values are
comparable to that obtained for tetravalent platinum complexes
supported by main-group-containing ligands (Figure 6, D, E).[*7:20
The quantum yield of the photolysis of 1 into 2 proved more
cumbersome to measure using UV-Vis spectroscopy, because
the spectra of the two species do not exhibit distinct differences.
Moreover, as noted earlier, the photolysis also affords 3 as a
transient intermediate. For these reasons, rather than relying on

4

UV-Vis spectroscopy, we irradiated a solution (3 mL) of 1 (3.4 x
10“ M) and 50 equiv. of SMe; using Aexc = 270 nm. This
wavelength was selected because of the absorption profile of this
derivative which shows a distinct band at this wavelength. After
6 hours, the solution was concentrated to 0.5 mL, transferred to
an NMR tube, and analyzed by 3P NMR spectroscopy.
Conversion was thus determined and compared to that of the
standard ferrioxalate actinometer irradiated at the same
wavelength, affording an aggregate quantum yield of 1.7% for the
conversion of 1 into 2 and 3.
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Figure 6. Complexes of relevance to this study
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The direct light induced elimination of chlorine from 1 cannot be
ruled out when using 270 nm light. However, the higher
photoreduction quantum yield of 3 (4.2% at Aex = 270 nm), as well
as the appearance of 3 in irradiated solutions of 1, suggests that
the photoreduction of 1 into 2 most likely occurs via isomerization
into 3, which eliminates chlorine from the high-valent platinum
center (Figure 7). The isomerization of 1 into 3 or vice versa could
not be selectively observed when the compounds were irradiated
at longer wavelength (340 nm for 1 and 380 nm for 3). In both
cases slow production of 2 was observed, without any evidence
for isomerization. The isomerization of 1 into 3, which is induced
when the sample is irradiated at 270 nm, can be described as a
chlorine atom switch from germanium to platinum. As suggested
by NBO calculations (vide supra), this process is accompanied by
a notable strengthening of the Pt—Ge interaction which increases
from E2 = 2.44 kcal.molt in 1 to E2 = 83.11 kcal.molt in 3. In turn,
this isomerization reaction may provide the first example of a Z-
type ligand whose strength can be manipulated using irradiation.
TD-DFT calculations suggest that irradiation of 1 can generate an
excited state with a notably shortened Pt-Ge distance of 3.056 A
(Figure S17). Identification of this excited state leads us to
speculate that isomerization of 1 into 3 occurs via a strengthening
in Pt-Ge bonding followed by chlorine migration from germanium
to platinum. It is also interesting to note that chlorine atom
migration has been previously characterized in dinuclear
transition metal complexes prior to the reductive elimination
step.®! Here, the isomerization produces a tetravalent platinum
trichloride motif (resonance form a in Figure 4F) which, as
explained in the case of (p-CFsCsH.)(PEt3),PtCl3,1*?! D, and E, is
prone to reduction. To build on this idea and better assert the role
of 3 in the chlorine elimination step, we first carried out TD-DFT
calculations to confirm that photoexcitation of 3 populates states
with weakened Pt-Cl bonds. These TD-DFT calculations indicate
that the two experimentally observed bands at 300 and 340 nm
are LMCT bands. Indeed, all intense vertical excitations (Ea, Eb,
E¢, and Eg) identified in this spectral region involve electronic
excitations from chlorine lone pair orbitals (Figure S13) into the
Pt-Cl antibonding LUMO and LUMO+1 (Figure 5B, 5D).
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Figure 7. A summary of the photochemical reactions explored in this study.

These spectral characteristics suggests that irradiation of 3 could
result in dissociation of ClI*, eventually leading to formal reductive
elimination of a Cl, equivalent. Such electronic excitations have
been previously invoked as the origin of photoreductive behavior

of late transition metal complexes that eliminate Cl, equivalents.['”-

201 Some of these precedents also show that the nascent CI* may
form a transient charge-transfer complex with the ligand arene
groups.?Y For example, Nocera et al. demonstrated that Ni(lll)
and Fe(lll) chloride complexes such as F and G (Figure 6)

WILEY-VCH

undergo chlorine elimination photoreactions in which the
generated CI* forms a transient adduct with aromatic rings on the
ligand.?? The transient charge transfer complexes observed in
these studies give rise to two major absorption features in the UV-
visible region whose peak wavelengths are strongly dependent
on the electronic structure of the phosphine ligand in the case of
the nickel complexes. In an attempt to explore whether 3 is also
capable of forming such an intermediate, we decided to study 3
using nanosecond transient absorption (TA) spectroscopy
echoing the approach of Nocera et al.??* 2281 The TA spectrum
calculated using the prompt (50 ns) and post photoreaction (50
us) difference signals measured using 355 nm pulsed laser
excitation displays absorption maxima at 325 and 410 nm (Figure
5C). The spectral features are in reasonable agreement with
those reported for the intermediate generated from the above
mentioned mononuclear Ni and Fe complexes F and G,
respectively.?? We note that the peak observed at 410 nm is
blue-shifted with respect to that reported for F (530 nm) but very
similar to the value of 430 nm reported for G.?*? We have also
measured the photochemical quantum yield of 3 in the presence
of benzene, a solvent known to limit any recombination by
drawing the chlorine atom away from the original charge transfer
complex. The results of this experiment show that the quantum
yield of 3 increases from 3.2% to 8.9% in the presence of 75%
benzene, thus corroborating the involvement of such a charge-
transfer complex. Altogether, these experimental results suggest
that the nascent CI* generated by irradiation of 3 forms a transient
charge-transfer complex with the aromatic groups present in the
ligand. Finally, the TA spectra of 1 showed no distinct signals,
which may suggest that this compound does not directly photo-
eliminate CI°.

Conclusion

Altogether, the results that we have obtained suggest that the rare
light-induced Ge-Pt bond-forming reaction observed upon
photolysis of 1 occurs in two separate steps that involve the
isomerization of 1 into 3, followed by the subsequent elimination
of CI*. The isomerization of 1 into 3 can be described as a
chloride shift from germanium to platinum or as the oxidative
insertion of the divalent platinum center of 1 into a Ge-Cl bond.
This isomerization, which leads to an intensification of the Pt—>Ge
dative interaction connecting the two central atoms, produces a
tetravalent platinum trichloride center prone to chlorine
photoelimination, as confirmed by the detection of a Cl*-arene
charge-transfer complex as the key intermediate in the photolysis.
These results highlight a unique light-driven bond-forming
process between a main group element and a late transition metal
while also defining a new strategy for the photoelimination of
halogens.

Acknowledgements

The work at Texas A&M University was supported by the National
Science Foundation (CHE-1856453), the Welch Foundation (A-
1423), and Texas A&M University (Arthur E. Martell Chair of
Chemistry). The work at North Carolina State University was
supported through BioLEC, an Energy Frontier Research Center
funded by the U.S. Department of Energy, Office of Science under

This article is protected by copyright. All rights reserved

JU| IIUYDS L PUY OLIUBI0S JO 3O AQ §8Y720TZ0Z 9IUe/200T OT/I0PALIOY A8 | M Akeuq 1 putjuo//SANY WO} p3PEO|UMOQ ‘Tt ‘TZ0C ‘€LLETZST

V]

TEVEES Luuc/nulﬁa uo Ariqi au||uog|w\ ‘uo !j'-UJO

sUBD 1T SUOWIWOD BAIIR1D) a|gedl|dde auyy Ag pausenob afe sap e YO ‘asn Jo sajnJ 1oy Akeiqi]auluQ A3]1IM UO (SUO N} IPUOD-pUe-SWLB)L0D" A3 IM AReiq 1 BUI|UO//:



Award # DE-SC0019370. CJ thanks the Hagler Institute for
Advanced Study at Texas A&M University for support. MK thanks
the same institute for a HEEP Fellowship.

Keywords: Germanium ¢ Platinum « Photochemistry « Chlorine
radical « Charge-transfer complex

(1]

(2

(3]

(4]

(5]

(6]

(7]
8l
9]

[10]

[11]

[12]

a) L. Troian-Gautier, M. D. Turlington, S. A. M. Wehlin, A.
B. Maurer, M. D. Brady, W. B. Swords, G. J. Meyer,
Chem. Rev. 2019, 119, 4628-4683; b) Z. Yang, J. Zhang,
M. C. W. Kintner-Meyer, X. Lu, D. Choi, J. P. Lemmon, J.
Liu, Chem. Rev. 2011, 111, 3577-3613; c) D. G. Nocera,
Inorg. Chem. 2009, 48, 10001-10017; d) A. J. Esswein, D.
G. Nocera, Chem. Rev. 2007, 107, 4022-4047; e) A. F.
Heyduk, D. G. Nocera, Science 2001, 293, 1639-1641; f)
H. B. Gray, A. W. Maverick, Science 1981, 214, 1201-
1205; g) A. W. Maverick, H. B. Gray, Pure Appl. Chem.
1980, 52, 2339-2348.

a) S. A. M. Wehlin, L. Troian-Gautier, G. Li, G. J. Meyer, J.
Am. Chem. Soc. 2017, 139, 12903-12906; b) G. Li, W. M.
Ward, G. J. Meyer, J. Am. Chem. Soc. 2015, 137, 8321-
8323.

a) R. Fayad, S. Eng|, E. O. Danilov, C. E. Hauke, O.
Reiser, F. N. Castellano, J. Phys. Chem. Lett. 2020, 11,
5345-5349; b) D. C. Powers, M. B. Chambers, T. S. Teets,
N. Elgrishi, B. L. Anderson, D. G. Nocera, Chem. Sci.
2013, 4, 2880-2885; c) T. S. Teets, D. A. Lutterman, D. G.
Nocera, Inorg. Chem. 2010, 49, 3035-3043; d) T. S. Teets,
D. G. Nocera, J. Am. Chem. Soc. 2009, 131, 7411-7420.
a) D. C. Powers, S. J. Hwang, B. L. Anderson, H. Yang, S.
L. Zheng, Y. S. Chen, T. R. Cook, F. P. Gabbai, D. G.
Nocera, Inorg. Chem. 2016, 55, 11815-11820; b) T. A.
Perera, M. Masjedi, P. R. Sharp, Inorg. Chem. 2014, 53,
7608-7621; c) A. R. Karikachery, H. B. Lee, M. Masjedi,
A. Ross, M. A. Moody, X. Cai, M. Chui, C. D. Hoff, P. R.
Sharp, Inorg. Chem. 2013, 52, 4113-4119; d) T. R. Cook,
B. D. McCarthy, D. A. Lutterman, D. G. Nocera, Inorg.
Chem. 2012, 51, 5152-5163; €) T. R. Cook, Y.
Surendranath, D. G. Nocera, J. Am. Chem. Soc. 2009,
131, 28-29; f) T. R. Cook, A. J. Esswein, D. G. Nocera, J.
Am. Chem. Soc. 2007, 129, 10094-10095.

a) H. Friedrich, Ber. Dtsch. Chem. Ges. 1893, 26, 1434-
1436; b) K. Seppelt, Angew. Chem. Int. Ed. 1976, 15, 377-
378; Angew. Chem. 1976, 88, 410-411.

a) E. I. Carrera, A. E. Lanterna, A. J. Lough, J. C. Scaiano,
D. S. Seferos, J. Am. Chem. Soc. 2016, 138, 2678-2689;
b) E. I. Carrera, D. S. Seferos, Dalton Trans. 2015, 44,
2092-2096; c) E. I. Carrera, T. M. McCormick, M. J. Kapp,
A. J. Lough, D. S. Seferos, Inorg. Chem. 2013, 52, 13779-
13790.

S. Sahu, F. P. Gabbai, J. Am. Chem. Soc. 2017, 139,
5035-5038.

C. M. Lemon, S. J. Hwang, A. G. Maher, D. C. Powers, D.
G. Nocera, Inorg. Chem. 2018, 57, 5333-5342.

H. Kameo, K. lkeda, S. Sakaki, S. Takemoto, H.
Nakazawa, H. Matsuzaka, Dalton Trans. 2016, 45, 7570-
7580.

L. Rigamonti, C. Manassero, M. Rusconi, M. Manassero,
A. Pasini, Dalton Trans. 2009, 1206-1213.

CCDC 2087876 (1-CHCls), 2087877 (2-(CsHe)2), and
2087878 (3-(CHCIs),) contain the supplementary
crystallographic data for this paper. These data can be
obtained free of charge from The Cambridge
Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif.

a) G. Parkin, Organometallics 2006, 25, 4744-4747; b) A.
Amgoune, D. Bourissou, Chem. Commun. 2011, 47, 859-
871; ¢) H. Kameo, H. Nakazawa, Chem. Asian J. 2013, 8,
1720-1734; d) G. Bouhadir, D. Bourissou, Chem. Soc.
Rev. 2016, 45, 1065-1079; e) J. S. Jones, F. P. Gabbal,
Acc. Chem. Res. 2016, 49, 857-867; f) B. R. Barnett, J. S.
Figueroa, Chem. Commun. 2016, 52, 13829-13839; g) D.

[13]
[14]
[15]
[16]
(17]

(18]

(19]

[20]

[21]

[22]

WILEY-VCH

You, F. P. Gabbai, Trends Chem. 2019, 1, 485-496; h) J.
Takaya, Chem. Sci. 2021, 12, 1964-1981.

H. Kameo, T. Kawamoto, D. Bourissou, S. Sakaki, H.
Nakazawa, Organometallics 2015, 34, 1440-1448.

R. Herrmann, P. Wittwer, T. Braun, Eur. J. Inorg. Chem.
2016, 2016, 4898-4905.

a) C. Zhu, J. Takaya, N. lwasawa, Org. Lett. 2015, 17,
1814-1817; b) J. Takaya, K. Miyama, C. Zhu, N. lwasawa,
Chem. Commun. 2017, 53, 3982-3985.

K. Li, D. Xue, J. Phys. Chem. A 2006, 110, 11332-11337.
H. Yang, F. P. Gabbal, J. Am. Chem. Soc. 2014, 136,
10866-10869.

B. J. Graziano, M. V. Vollmer, C. C. Lu, Angew. Chem. Int.

Ed. 2021, 60, 15087-15094; Angew. Chem. 2021, 133,
15214-15221.

a) H. J. Kuhn, S. E. Braslavsky, R. Schmidt, Pure Appl.
Chem. 2004, 76, 2105-2146; b) C. G. Hatchard, C. A.
Parker, Proc. R. Soc. London, Ser. A 1956, 235, 518-536;
c) C. A. Parker, Proc. R. Soc. London, Ser. A 1953, 220,
104-116.

T.-P. Lin, F. P. Gabbai, J. Am. Chem. Soc. 2012, 134,
12230-12238.

a) M.-L. Tsao, C. M. Hadad, M. S. Platz, J. Am. Chem.
Soc. 2003, 125, 8390-8399; b) F. Wu, T. Shindo, S.
Sawamura, T. Sumiyoshi, Bull. Chem. Soc. Jpn. 1997, 70,
1839-1842; c) T. Sumiyoshi, Radiat. Phys. Chem. 1997,
50, 449-455; d) S. Forgeteg, T. Bérces, J. Photochem.
Photobiol., A 1993, 73, 187-195; e) R. E. Buhler, M. Ebert,
Nature 1967, 214, 1220-1221; f) R. L. Strong, S. J. Rand,
J. A. Britt, J. Am. Chem. Soc. 1960, 82, 5053-5057.

a) S. J. Hwang, D. C. Powers, A. G. Maher, B. L.
Anderson, R. G. Hadt, S. L. Zheng, Y. S. Chen, D. G.

Nocera, J. Am. Chem. Soc. 2015, 137, 6472-6475; b) S. J.

Hwang, B. L. Anderson, D. C. Powers, A. G. Maher, R. G.
Hadt, D. G. Nocera, Organometallics 2015, 34, 4766-
4774; c) D. Gygi, M. |. Gonzalez, S. J. Hwang, K. T. Xia,
Y. Qin, E. J. Johnson, F. Gygi, Y.-S. Chen, D. G. Nocera,
J. Am. Chem. Soc. 2021, 143, 6060-6064.

This article is protected by copyright. All rights reserved

JU| IIUYDS L PUY OLIUBI0S JO 3O AQ §8Y720TZ0Z 9IUe/200T OT/I0PALIOY A8 | M Akeuq 1 putjuo//SANY WO} p3PEO|UMOQ ‘Tt ‘TZ0C ‘€LLETZST

V]

JENEES Lhcuclbulﬁauo Ariqi] au!IUOQI!M ‘uo !j'-UJO

sUBD 1T SUOWIWOD BAIIR1D) a|gedl|dde auyy Ag pausenob afe sap e YO ‘asn Jo sajnJ 1oy Akeiqi]auluQ A3]1IM UO (SUO N} IPUOD-pUe-SWLB)L0D" A3 IM AReiq 1 BUI|UO//:


www.ccdc.cam.ac.uk/data_request/cif

WILEY-VCH

Entry for the Table of Contents

% hv _2cr’
ML cl -
< o Ge
QL0 TG SO SR PR
v IR % P—Pt—
ci't iogd Q
thp\ /PPh2 I 3 Ph,P—Pt—PPh,
/ \ ’ . m y “\"' |
cl (o] CI cl

A novel platinum dichloride complex supported by an ambiphilic bisphosphinodichlorogermane ligand readily photo-isomerizes into a
tetravalent platinum trichloride germyl complex. Further irradiation of this new complex triggers the elimination of chlorine and the
formation of a covalent Pt-Ge bond. Transient absorption spectroscopy points to the intermediacy of a charge transfer complex
involving the nascent chlorine atom and the aromatic ligand.
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