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ABSTRACT: Benzo-fused dipyrrins are π-extended analogs of conventional dipyrrins, which exhibit bathochromically shifted 
absorption and possess the synthetic capability to bind various metal ions. We aimed to investigate the synthetic potential of 
benzo-fused dipyrrins in complexation with transition metals. Two new complexes with Pd2+ and Pt2+ were synthesized, and 
characterized. X-ray crystallography reveals that both complexes exhibited a zigzag geometry with square planar coordina-
tion of the central metal. The Pd2+ complex possesses a very weak fluorescence at 665 nm while the Pt2+ complex is completely 
nonemissive. Transient absorption spectroscopy confirmed triplet excited state formation for both complexes, however they 
are short-lived and no phosphorescence was observed even at 77K. DFT calculations support the experimental observation, 
revealing the existence of the low-lying ligand-metal charge-transfer (LMCT) triplet state, acting as an energy sink.  

INTRODUCTION 
 
Dipyrrins, frequently described as "half porphyrins", 

represent a fascinating class of organic chromophores. Ow-
ing to their rich and diverse coordination chemistry, they 
form complexes with a variety of metal ions. The most pop-
ular and stable complex of dipyrrin with boron difluoride, 
known as BODIPY, is widely used as a fluorophore for bio-
medical applications, such as imaging,1-6 sensing,7-13 and 
photodynamic therapy.14-21 On the other hand, dipyrrin 
complexes with transition metals can be advantageous for 
catalysis,22, 23 the preparation of coordination polymers,24-26 
metal-organic frameworks27-35 and self-assembly of supra-
molecules,36-38 due to the facile complexation reactions. 

Benzo-fused dipyrrins, in which each of two conjugated 
pyrrole units is fused with the benzene ring, possess a bath-
ochromic shift in absorption spectra due to extended π-con-
jugation and therefore can be particularly interesting for bi-
omedical21, 39, 40 and material science applications, such as 
solar cell technology,41, 42 circularly polarized luminescence 
materials,43 and Optical Power Limiting (OPL) filters.44 
However, in contrast to regular dipyrrins, there is limited 
information available regarding complexes of benzo-fused 
dipyrrins with transition metals. Only a singular report ex-
ists describing complexation with Zn2+, Ca2+, and some lan-
thanide ions, with isolation and characterization of solely 
Zn2+ complex.45 Herein, we present a facile room-tempera-
ture procedure for the preparation of homoleptic palladium 
and platinum complexes of benzo-fused dipyrrins and dis-
cuss their electrochemical and optical properties. 

 

Scheme 1. Synthesis of benzodipyrrin complexes 
Pd(L)2 and Pt(L)2. 

 

 
RESULTS AND DISCUSSION 
 
Synthesis. The benzo-fused dipyrrin ((L)H), which we 

used for the preparation of Pd2+ and Pt2+ complexes, is 
shown in Scheme 1. Diethoxycarbonyl substituents in the 
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alpha positions of benzo-fused dipyrrin, and 3,5-dibu-
toxycarbonyl substituents in the meso-phenyl ring should 
render it soluble in organic solvents. Benzo-fused dipyrrin 
(L)H was prepared with an 82% yield from 4,7-dihydroiso-
indole and an aldehyde using an oxidative aromatization 
approach45 (Scheme 1). For the preparation of the palla-
dium complex of benzo-fused dipyrrin Pd(L)2, we initially 
attempted a procedure developed for the complexation of 
regular dipyrrins.46-48 This procedure involves treating the 
ligand with a Pd2+ salt, usually in the presence of a base, 
such as triethylamine. However, these methods were un-
successful in our case. We hypothesized that, firstly, ethox-
ycarbonyl substituents in the alpha positions of benzodi-
pyrrin units might create steric hindrance that prevents 
homoleptic complexation. Secondly, compared to regular 
dipyrrin, binding of the benzodipyrrin units to Pd2+ might 
be weaker due to the reduced nucleophilicity of the chelat-
ing nitrogen atoms, arising from a combination of increased 
π-delocalization into the benzene rings and electron-with-
drawing character of alpha-ethoxycarbonyl groups. To gain 
more insights into the reaction, we decided to split it into 
two steps: the deprotonation of benzodipyrrin (L)H with a 
base of alkali metal, followed by the transmetalation with a 
Pd2+ salt. We speculated that alkali bases should efficiently 
deprotonate the nitrogen atom of benzodipyrrin due to sta-
bilization of the formed anion by the electron withdrawing 
alpha-ethoxycarbonyls on the one hand, and the benzo-
fused rings on the other. The deprotonation of the benzodi-
pyrrin (L)H with an excess of K2CO3 proceeded smoothly in 
a tetrahydrofuran solution at room temperature. While the 
reaction proceeded, we observed the reaction mixture 
gradually changing color from deep purple to deep blue. In 
the second step, we attempted transmetalation with Pd2+ to 

form the desired Pd(L)2 from the benzodipyrrin alkali 
metal complex. Though various Pd2+ salts were used, includ-
ing PdCl2, Pd(OAc)2, and PdCl2(COD), only the reaction with 
PdCl2(COD) led to the formation of the palladium complex 
Pd(L)2 after stirring in a tetrahydrofuran solution for 48 
hours at room temperature. The color of the reaction mix-
ture gradually changed from deep blue to teal. The Pd(L)2 
complex was isolated with 82% yield by crystallization 
from a benzene/pentane mixture. As mentioned above, ini-
tially, we were concerned about the successful binding of 
(L)H to Pd2+ and the overall stability of Pd(L)2 complex due 
to the steric bulk of (L)H and the reduced nucleophilicity of 
chelating nitrogen atoms. Surprisingly, the palladium com-
plex of benzodipyrrin Pd(L)2 proved to be stable and could 
be easily purified using column chromatography on silica 
gel. Interestingly, when we used a stronger base - lithium 
diisopropylamide- to deprotonate benzodipyrrin in the first 
step, a mixture of products was formed, which was hard to 
separate and identify. Increasing the temperature in the 
second step did not significantly affect the reaction, and the 
highest yields were obtained when the reaction proceeded 
at room temperature. 

Inspired by this result, we opted to prepare a platinum 
analogue Pt(L)2 by treating potassium benzodipyrrin with 
Pt2+ salts. Similarly, among the various platinum salts used, 
including PtCl2, Pt(acac)2 and PtCl2(COD), only the reaction 
with PtCl2(COD) resulted in the formation of desired plati-
num complex of benzodipyrrin Pt(L)2 after 72 hours of stir-
ring in a tetrahydrofuran solution at room temperature. The 
Pt(L)2 complex was isolated with 75% yield by crystalliza-
tion from diethyl ether. Similar to the Pd(L)2 complex, it 
showed good stability during column chromatography on 
silica gel. 

 
Figure 1. Left: molecular structures of benzodipyrrin complexes Pd(L)2 (top) and Pt(L)2 (bottom) with thermal ellipsoids at 
the 50% probability level. Hydrogen atoms and solvent molecules are omitted for clarity. Right: side views of Pd(L)2 (top) and 
Pt(L)2 complexes with truncated ester groups. Color key: yellow = Pd, orange = Pt, blue = N, grey = C, red = O 
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The Pd(L)2 and Pt(L)2 complexes exhibit remarkable 
solubility in both polar and nonpolar solvents, including 
N,N-dimethyl formamide, tetrahydrofuran, acetonitrile, 1,4-
dioxan, diethyl ether, dichloromethane, toluene and ben-
zene. This versatility enhances their potential usability 
across various applications. 

Solid-state structure. Single crystals of Pd(L)2 and 
Pt(L)2 complexes suitable for X-ray diffraction analysis 
were obtained by slow diffusion of n-pentane into a ben-
zene solution and from a concentrated diethyl ether solu-
tion at ambient temperature, respectively. Detailed crystal-
lographic data are presented in Table 1, and the molecular 
structures of Pd(L)2 and Pt(L)2 complexes are depicted in 
Figure 1, S1 and S2. 

Both complexes, Pd(L)2 and Pt(L)2, exhibit intriguing 
similarities in their solid-state characteristics. They are 
isostructural, crystallizing in the triclinic space group P1. 
Both complexes are four coordinate, adopt a square planar 
environment (τ4 = 0 for both compounds), and the Pd2+ and 
Pt2+ centers lie perfectly in the coordination planes consti-
tuted by four nitrogen atoms (out of plane distance = 0 Å). 
In addition, due to the bulky coordination sphere, the inter-
ligand bite angles ∠N1#1-M-N2 are relatively larger than 
that of intraligand ones, ∠N1-M-N2. Some interesting struc-
tural features arise from the difference in ionic radius of 
each metal. For example, the larger ionic radius of Pd2+ re-
sults in longer Pd-N bonds (average dPd-N= 2.011 Å) in com-
parison to Pt-N bonds (average dPd-N= 2.005 Å). Conse-
quently, the smaller intraligand bite angles ∠N1-M-N2 ob-
served for Pd(L)2 complex (85.16(4)°) comparing to those 
of in Pt(L)2 complex (94.84(4)°). 

Interestingly, instead of planar geometry, the benzodi-
pyrrin ligands are bent to reduce steric repulsion, and tilted 
to MN4 plane, resulting in a zigzag configuration (Figure 1 
right). However, when comparing to a structural analogue, 
bis-dipyrrinato-Pd(II)48, the dihedral angle of the two pyr-
role planes found in benzodipyrrin complexes Pd(L)2 
(156.67°) and Pt(L)2 (151.65°) are less bent although they 
have greater steric bulkiness. In both complexes benzodi-
pyrrin ligands are tilted by 135.9° (Pd(L)2) and 138.3° 
(Pt(L)2) to the MN4 planes. 

 
Table 1. Selected bond distances (Å), angles (°), and di-

hedral angles (°) for Pd(L)2 and Pt(L)2 complexes.a 
 

a Numbers in parentheses are standard uncertainties in the last 
significant figures. Atoms are labeled as indicated in Figures 1, 
S1 and S2. Symmetry operations: #1 = -x+1, -y+1, -z+1 

The meso-phenyl substituents in benzodipyrrin ligands 
maintain nearly perpendicular orientations with respect to 
benzodipyrrin planes, forming angles of approximately 
86.4° and 82.9° in Pd(L)2 and Pt(L)2 complexes, respec-
tively.  

Remarkably, in both Pd(L)2 and Pt(L)2 complexes, the 
alpha-ethoxycarbonyl substituents extend in the benzodi-
pyrrin planes, forming a sandwich-like structure and 
thereby not interfering with complexation. 

Electrochemical properties. The reduction potentials 
of Pd(L)2 and Pt(L)2 complexes of benzodipyrrins were de-
termined using cyclic voltammetry (CV) and differential 
pulse voltammetry (DPV). The voltammograms are shown 
in Figure S3-8, and the reduction potentials are reported in 
Table 2. 

 
Table 2. Electrochemical properties of Pd(L)2 and 

Pt(L)2 complexesa 
 

 𝐸𝐸𝑜𝑜𝑜𝑜 𝐸𝐸𝑟𝑟𝑟𝑟𝑟𝑟  𝐸𝐸𝑟𝑟𝑟𝑟𝑟𝑟2  
Pd(L)2 0.41b -1.02 -1.44 
Pt(L)2 0.34b -1.11 -1.50 

a Reported V vs. Fc+/0. Measured in acetonitrile with 0.1 
M TBA+PF6-. The errors are usually 10-20 mV. b Irreversible. 

 
For both Pd(L)2 and Pt(L)2 complexes, voltammo-

grams exhibit two reversible waves corresponding to the 
reduction potentials of the neutral form (𝐸𝐸𝑟𝑟𝑟𝑟𝑟𝑟) and the rad-
ical anion (𝐸𝐸𝑟𝑟𝑟𝑟𝑟𝑟2 ). We report reduction potentials vs Fc+/0. 
The reduction potentials for the Pd(L)2 complex are -1.02 
and -1.44 V, while for the Pt(L)2 complex, they are -1.11 and 
-1.50 V. These values are closely matched, which is not sur-
prising since both complexes share isoelectronic and 
isostructural nature. The slight differences in the potentials 
might be attributed to the influence of distinct metal ions 
involved. Ered values are ~0.2 V more negative than that of 
the benzo-fused BODIPY with alpha-ethoxycarbonyl sub-
stituents (-0.84 V) but ~0.4-0.5 V more positive than that of 
the benzo-fused BODIPY with methyl substituents (-1.53 
V).49 This difference also suggests that central metals affect 
the reduction potentials (𝐸𝐸𝑟𝑟𝑟𝑟𝑟𝑟) in these molecules, which is 
further supported by our TDDFT calculations (see below). 

In the positive region of voltammograms, we detected 
broad irreversible waves for both complexes, correspond-
ing to the reduction of radical cations (𝐸𝐸𝑜𝑜𝑜𝑜). The reduction 
potential for the Pd(L)2 complex is approximately 0.41 V, 
while for the Pt(L)2 complex, it is 0.34 V. These values are 
significantly lower than the reported reduction potential 
(0.82 V) for the radical cation of benzo-fused BODIPY with 
ethoxycarbonyl substituents in alpha-positions. Instead, 
they more closely resemble the reduction potential (0.33 V) 
observed for the radical cation of benzo-fused BODIPY with 
alpha-methyl substituents.49 We hypothesized that alpha-
ethoxycarbonyl substituents might be decoupled from the 
π-electronic system of benzodipyrrin ligands in the solu-
tions of Pd(L)2 and Pt(L)2 complexes. Therefore, their elec-
tron-withdrawing effect is much lower than that of benzo-
fused BODIPY molecules. Our TDDFT calculations suggest 
that metals do not cause a sufficient effect on the reduction 
potential of radical cations (Eox) in these molecules. 

Optical spectroscopy. The absorption and emission 
spectra of the Pd(L)2 complex and the absorption spectrum 
of the Pt(L)2 complex are shown in Figure 2, and the 

Pd2+ -complex Pt2+ -complex 

Pd1-N1 2.0156(10) Pt1-N1 2.0004(15) 
Pd1-N2 2.0057(10) Pt1-N2 2.0105(16) 
    

N1-Pd1-N2 85.16(4) N1-Pt1-N2 82.29(6) 
N1#1-Pd1-N2 94.84(4) N1#1-Pt1-N2 93.71 

N1-Pd1-N1#1 180.0 N1-Pt1-N1#1 180.0 
N2-Pd1-N2#1 180.0 N2-Pt1-N2#1 180.0 

    
C8-C9-C10-C11 164.16(13) C8-C9-C10-C11 162.48(18) 

C9-C10-C24-C29 86.43(15) C9-C10-C22-C23 82.9(2) 

τ4 0 τ4 0 
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selected photophysical parameters are summarized in Ta-
ble 3. We observed the two main absorption bands around 
600 nm for both Pd(L)2 and Pt(L)2 complexes. For the 
Pd(L)2 complex, we detect an intense band centered at λmax 
= 606 nm, which is accompanied by a secondary peak at λ = 
637 nm, exhibiting an intensity approximately half of the 
primary peak. In the case of the Pt(L)2 complex, the second 
absorption band is more pronounced. Thereby we observe 
a band at λmax = 602 nm. This band exhibits a lower intensity 
compared to the Pd(L)2 complex (ε is about a half of the 
Pd(L)2 complex), and it is accompanied by another band at 
λ = 656 nm, which possess almost equivalent intensity. We 
will discuss the origin of these bands in the later section 
(TDDFT calculations).   

 
Table 3. Photophysical characteristics of Pd(L)2 and 

Pt(L)2 complexes. 

a Reported in acetonitrile. b Reported in toluene. 
 

In both cases, these intense absorption bands are sig-
nificantly red-shifted relative to the Pd2+ complex of regular 
dipyrrin (λmax = 476 nm),48 but are close to the reported 
benzo-fused BODIPY molecules.43, 49 

We observed very weak room-temperature fluores-
cence for Pd(L)2 complex in acetonitrile and toluene, with 
λmax = 665 nm. In toluene solution, the quantum yield for 
this fluorescence was measured to be Φfl = 0.0038 and fluo-
rescence lifetime τfl = 0.8 ns. In contrast, the Pt(L)2 complex 
showed no observable emission. Interestingly, neither of 
these complexes possesses any phosphorescence, even at a 
low temperature of 77K in frozen toluene. We performed 
both femtosecond (fsTA) and nanosecond (nsTA) transient 
absorption spectroscopy to elucidate photophysical charac-
teristics further.  

Transient Absorption Spectroscopy. fsTA data of the 
Pd(L)2 and Pt(L)2 complexes in acetonitrile are shown in 
Figure 3. We analyzed the fsTA data by a global fit to pro-
duce evolution-associated difference spectra (EADS) in a 
sequential model50 or decay-associated spectra (DAS). The 
data of the Pd(L)2 complex revealed a very fast decay of the 
initially formed excited states (τ1 = 300 fs), followed by the 
formation of another short-lived species (τ2 =9 ps), and then 
by a relatively long-lived component that is already decay-
ing within the time window (~8 ns) of our fsTA instrument 
(τ3 = 4 ns). The spectral shape of this long-lived component 
is consistent with the species captured by nsTA, revealing a 
lifetime of only ~10 ns (Figure 3a, b). Note that the nsTA 
measurements were conducted in deoxygenated solutions 
to avoid possible quenching by molecular oxygens. The data 
of the Pt(L)2 complex also revealed a fast decay of the initial 
excited state (τ1 = 1.5 ps) and two other species (τ2 =100 ps 
and τ3 =1.2 ns).  The spectral shape of the longer-lived com-
ponent is consistent with the species captured by nsTA, re-
vealing a lifetime of only ~6 ns (Figure 3c). One interesting 
feature of the Pt(L)2 complex data is the bleaching and re-
covery of the peak at ~450 nm, which corresponds to the 
appearance and decay of the longer-lived species (Figure 
3d). The observation indicates that this band has character-
istics different from the initial excited states (see Photo-
physical Pathway section).  

We observed a similar photodynamic behavior in a sig-
nificantly more nonpolar solvent - benzene. EADS of the 
Pd(L)2 complex in benzene are shown in Figure S9.  

Computations. We performed DFT calculations to gain 
further insights into these complexes' excited state dynam-
ics.  We optimized the ground states of Pd(L)2 and Pt(L)2 
complexes with Ci symmetry, which agree well with the X-
ray crystal structures. The structures with D2 symmetry are 
energetically much higher (~1 eV) than those with the Ci. 

The bulkiness of alpha-ethoxycarbonyl groups of benzodi-
pyrrins makes the conformation with D2 symmetry struc-
turally inaccessible. When optimized without symmetrical 
constraint, a symmetry-broken structure (C1) is slightly en-
ergetically higher than the symmetric one (Ci). In contrast, 
the Pd2 complex of a regular dipyrrin without alpha substi-
tutions is reported to convert between the two confor-
mations (Ci and D2).48  

In the following, we first discuss the absorption fea-
tures of these complexes. We performed TDDFT calcula-
tions in acetonitrile (Table S2 and S3 for Pd(L)2 and Pt(L)2, 
respectively). TDDFT calculations at the Ci (and C1) ground 
state geometry show four major singlet excited states (S1-4 
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Figure 2. (a) Absorption spectra of Pd(L)2 (red) and 
Pt(L)2 (dark blue) complexes in acetonitrile; (b) Emission 
spectrum of Pd(L)2 complex in toluene at r.t. 
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in Figure 4) whose major contributions come from the two 
HOMOs and two LUMOs. HOMO-1, HOMO, and LUMO+1 are 
ligand-centered while LUMO has a significant metal contri-
bution (Figure 4). Note that this significant metal contribu-
tion in LUMO likely contributes to Ered mentioned above. 
Among the four states, one with a "pure" LC transition 
(HOMO-1 → LUMO+1, S4) and one with a ligand-to-metal 
charge-transfer (LMCT) transition (HOMO → LUMO, S1 or 
1LMCT1) are symmetry-forbidden. We call these two states 
(S1 and S4) 1LMCT1 and 1LC2, respectively. 

We identified the two symmetry-allowed transitions 
(oscillator strength, f > 0) and they are S2 and S3 in Figure 
4.  The transition of largest oscillator strength is higher in 
energy (S3) and has the mixture of the "pure" LC and LMCT 
characters with a larger LMCT contribution (1LMCT2). The 
transition of lower oscillator strength is lower in energy 
(S2) and has almost "pure" LC characteristics (1LC1). We 
therefore assign the state of higher oscillator strength to the 
main transition observed experimentally; λmax = 606 and 
602 nm for the Pd(L)2 and Pt(L)2 complexes, respectively. 
This assignment agrees with the reported Pd2+ complex of 
regular dipyrrin.48 In addition to these main transitions, we 
observed another band λ = 637 and 656 nm for the Pd(L)2 
and Pt(L)2 complexes (Figure 2). The energy differences 
between the two transitions are ΔE = 800 cm-1 and 1370 cm-

1, respectively. We assigned this lower energy state to 
1LMCT2 (i.e., S2 in Figure 4).  

An alternative explanation of these two energy transi-
tions can be exciton coupling51, 52 of the localized LC benzo-
dipyrrin transitions, which are polarized along the long axis 
of benzodipyrrin ligand. Here, the two transition dipole mo-
ments are aligned in parallel, resulting in an enhanced ab-
sorbance to the higher-energy excited state (H-type exciton 
coupling),53, 54 agreeing with the observations. The energy 
difference of the two transitions, ΔE, corresponds to twice 
the exciton coupling energy. A similar exciton coupling phe-
nomenon was observed for the analogous complexes of reg-
ular dipyrrins with metals.48 However, considering the 
structural similarity between the Pt(L)2 and Pd(L)2 com-
plexes, we would expect ΔE to be about the same for the 
Pt(L)2 complex. If these bands had arisen from exciton cou-
pling, the observed difference in ΔE suggests that the solu-
tion-state structures of Pd(L)2 and Pt(L)2 are significantly 
different. Another possible explanation of these two bands 
is vibronic progression caused by a vibrational mode likely 
corresponding to C=C stretching in the excited state. If the 
splitting were due to vibronic progression, we would also 
expect both complexes to exhibit the same pattern, which is 
not the case here.  While our results cannot fully rule out 
these alternatives, we currently concluded that the 

 
Figure 3. (a) EADS of the fsTA data for the Pd(L)2 complex (λex = 600 nm), along with the nsTA spectrum at 20 ns after the 
excitation pulse of λex = 600 nm. (b) Decay kinetics at 440, 508, and 537 nm for the Pd(L)2 complex (λex = 600 nm). The red lines 
are fitted curves. (c) DAS of the fsTA data for the Pt(L)2 complex (λex = 630 nm), along with the nsTA spectrum at 20 ns after the 
excitation pulse of λex = 630 nm. (d) Decay kinetics at 452, 466, and 525 nm for the Pt(L)2 complex (λex = 630 nm). The red lines 
are fitted curves. Note that the heights of the nsTA spectra in panel a and b are adjusted. 
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observed two transitions stem from the two different elec-
tronic states (1LC1 and 1LMCT2). 

TDDFT calculations also revealed that the triplet ex-
cited states of dominant LC characters (3LC states) of these 
benzodipyrrin complexes are energetically higher than the 
triplet excited states of dominant 3LMCT state as a zigzag 
configuration prevents exciton (electron/hole) delocaliza-
tion in a plane unlike their counterparts of Pd2+ and Pt2+ 
tetrabenzoporphyrin where exciton is delocalized in a 
plane.55, 56  

Photophysical pathway. With the experimental and 
computational data in hand, we would like to map out the 
photophysical pathways. The state diagrams of the Pd(L)2 
and Pt(L)2 complexes are shown in Figure 5.  

For the Pd(L)2 complex, the initial photoexcitation at 
the main transition band can populate both 1LMCT and 1LC1 
states, which decay very quickly via internal conversion to 
form the spin-allowed LMCT state (1LMCT1). 1LMCT1 then 
undergoes ISC to form the low-energy triplet excited state  
(3LMCT). The rate of ISC in the Pd(L)2 complex (~ 9 ps) is 
comparable to other Pd2+ complexes reported.48, 57, 58 The 
zigzag geometry of the Pd(L)2 complex may slightly dimin-
ish the heavy atom effect of Pd2+ compared to a planar Pd2+ 
tetrabenzoporphyrin. In consistency with the Pd2+ complex 
of regular dipyrrin,48 we assigned the final and lowest en-
ergy state as 3LMCT state whose lifetime is only ~10 ns for 
the Pd(L)2 complex. While we conclude this as the major 
pathway here, we cannot completely exclude another path-
way, namely the formation of 3LC by ISC and then IC to 
3LMCT (dotted lines in Figure 5a). 3LC → 3LMCT internal 
conversion could proceed so quickly that the concentration 
of 3LC might be too small to capture reliably at room tem-
perature. 3LMCT states are known to be nonemissive.48, 59  

In a similar manner to the Pd(L)2 complex, we assigned 
the final nonemissive state of Pt(L)2 as a 3LMCT state whose 
lifetime is ~6 ns. However, the photophysical pathway lead-
ing to this final state appears different. Photoexcitation 
leads to the formation of 1LMCT2 and 1LC1 states.  The fast 
decay of these initial excited states (τ1 ~ 1.5 ps) results in 
the formation of 3LC by ISC, which is then followed by a rel-
atively slow internal conversion (τ2 ~ 100 ps) to populate 
3LMCT. The bleaching and recovery of the LMCT-centered 
transition (450 nm in Figure 3d) we observed in fsTA sup-
port our assignment. The rate of ISC is slightly slower than 
that of Pt2+ tetrabenzoporphyrin; 1/kISC ~0.4 ps.60 This 
slightly slow ISC may again be due to the zigzag confor-
mation of the Pt(L)2 complex. An alternative pathway is 
shown in Figure 5b as dotted lines, which is similar to the 
pathway of Pd(L)2 (IC and ISC to form 3LMCT1).  

Unlike the Pd2+ complex of regular dipyrrin, in which 
the low-temperature measurements could capture phos-
phorescence from 3LC,48 we did not observe any new emis-
sion from benzodipyrrin complexes Pd(L)2 and Pt(L)2 at 
77K. In both cases, non-emitting and fast-decaying 3LMCT 
acts as an energy sink in these compounds, resulting in the 
almost complete absence of emission.  

 
CONCLUSIONS 
 
In conclusion, the synthesis and characterization of two 

new highly soluble complexes of benzo-fused dipyrrins 
with Pd2+ and Pt2+ have been achieved, encompassing struc-
tural, spectroscopic, and electrochemical analysis. The iden-
tified complexes possess robust absorption within the λ = 
600 – 700 nm region. The formation of nonemissive triplet 
excited states was confirmed for both complexes. This re-
search offers insights into the synthetic capabilities of 

 
Figure 4. Visualization of molecular orbitals for (a) Pd(L)2 
and (b) Pt(L)2 complex. The calculations were performed 
at the level of PBE1PBE/SDS-6-31G(d). (c) The arrow rep-
resents the largest transitions contributing to the first four 
singlet excited states identified in the TDDFT calculations. 

 
Figure 5. State diagrams of (a) Pd(L)2 and (b) Pt(L)2 com-
plexes in acetonitrile. IC = internal conversion; ISC = inter-
system crossing.  
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benzo-fused dipyrrins, paving the way for their application 
in the field of coordination chemistry and materials science. 
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We present synthesis and structures of benzodipyrrin complexes with Pd2+ and Pt2+. X-ray crystallography showed that 
both complexes have a zigzag shape with square planar metal coordination. We also explored their electrochemical and 
optical properties. The Pd2+ complex showed weak fluorescence at 665 nm, while the Pt2+ complex is nonemissive. Transi-
ent absorption spectroscopy confirmed short-lived triplet states in both complexes, with no phosphorescence, explained 
by low-energy ligand-metal charge-transfer triplet state, as revealed by DFT calculations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


