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Abstract

This work was carried out with the aim of contributing to the treatment of
cancer. Cancer is one of the most common causes of death. It constitutes a
public health problem. Photodynamic therapy (PDT) is one treatment option.
This study contributes to the search for photosensitizing molecules used in
PDT. Makaluvamines have shown interesting properties in the treatment of
several human cancer cell lines. The present study analyzes the ultraviolet and
visible absorption spectroscopic properties of a few Makaluvamines. These
have been listed in the literature and can be in neutral or charged states (pro-
tonated and methylated). The investigation is based on quantum chemical cal-
culations. Molecular geometries and vibrational frequencies have been calcu-
lated at the B3LYP/6-311++G(d,p) level. Absorption properties in the visible
and ultraviolet spectral range are measured on optimized structures using
time-dependent density functional theory (TD-DFT). The absorption spectra
are obtained using the “Chemissian” software. The results of our calculations
have allowed us to determine the absorption zones of the molecules studied,
the energy gaps of the frontier orbitals, the main transitions associated with
the absorption process, and their lifetimes. They have also identified four Ma-
kaluvamines (E, G, M, and L) that absorb in the therapeutic domain and may
have photosensitizer properties.
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1. Introduction

In some countries, cancer is the main cause of death, ahead of cardiovascular dis-
ease [1]. It is a pathology that is widespread throughout the world. It represents a
real public health problem. Consequently, its treatment is a hot topic for scientific
research. These include the development of treatments with fewer side effects.
Photodynamic therapy (PDT) is one of the treatments available today. This is a
technique whose biophysical principles were experimentally established over 100
years ago by Raab O. and Tappeiner HV [2] [3]. This technique consists of sensi-
tizing carcinoid cells to the action of light (photon) by prior injection of a photo-
sensitizing molecule that is preferentially captured and retained in cancerous tu-
mors. In 1978, Dougherty made the first applications in digestive oncology with
Hematoporphyrin Derivative (HpD) [4]. Because of the anti-carcinoid properties
of Makaluvamines [5] [6], In our opinion, this work is the very first to study the
photosensitizing activity of a series of these molecules. Specifically, it studies the
absorption properties of a series of these molecules in the visible and ultraviolet
range. A molecule with good photosensitizing properties must absorb in the ther-
apeutic visible range [7]. This work is a theoretical study carried out using quan-
tum chemical computational methods, such as Density Functional Theory (DFT)
and Time-Dependent DFT (TD-DFT). DFT calculations are increasingly used in
spectroscopy to verify certain properties or structures of molecules [8] [9]. First,
DFT is used to calculate the molecular geometries of the Makaluvamines series
and their vibrational frequencies. The absorption properties in the UV-visible
spectral range are then calculated using the optimized structures. These are per-
formed using the TD-DFT method. Finally, the absorption spectra are obtained
using “Chemissian” software. For each molecule in the series, the absorption spec-
trum, absorption bandwidth, maximum absorption wavelength, energy gap of the

frontier orbitals, main electronic transition, and lifetime are determined.

2. Studied Molecules and Calculation Methods
2.1. Studied Molecules

The studied molecules are listed in Figure 1 below. They have been listed in the
literature with refcodes corresponding to letters of the alphabet. These molecules
exist in the literature in two forms, either neutral or charged.

Makaluvamine I (Figure 2), named according to the systematic nomenclature
7-amino-2al, 3, 4, 8a-tetrahydropyrrolo [4,3,2-de] quinone 8 (1H)-one, is chosen
as the structural reference. It carries no substituents and is neutral in the literature.
This skeleton forms the structural basis of Makaluvamines.

For this study, we considered the neutral and charged (protonated then meth-
ylated) forms for each Makaluvamine. The following notations are therefore
adopted: X (neutral), XH+ (protonated) and XMet (methylated). The Maka-
luvamines in the series under study are grouped into so-called clusters. These
groups, of which there are 4, contain molecules with strong structural similarities.

Group 1 is made up of molecules A, C and H. These have a methyl substituent
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on either atom 1 or 2 of the pyrrolic ring (A and C), or on both (H).

Makaluvamine Refcode/nature Makaluvamine Refcode/nature Makaluvamine Refcode/nature
N \ HN
| 1/ Neutral HO l D / Protonated Br
\ N\ \ O / Neutral
A / methylated N J / methylated
HoN N i 0 © \
H
N| N
HO !
\ A/ Neutral \ E / Protonated
N N N G / methylated
H =
2N é H éH
H3 3
N N
|
\ CH3 C / Neutral Br N F / Protonated
HoN A HO S H o
N N
|
HO
\ N\ K / Protonated
CHj H/Neutral \©\/\N N’ P/ methylated
H2N H ¢
CH, 3
N N
Br | HO |
\ N/ Neutral \ M / Protonated
N L / methylated
Ny SRw
H H

Figure 1. 2D structures of the various studied Makaluvamines.

Figure 2. Makaluvamine I is a structural reference in the studied series.

Group 2 contains Makaluvamines D/J, F, M/L and V. In these molecules, hy-
drogen on the amino nitrogen (Ny) is replaced by a strongly electron-conjugated
substituent.

Group 3 includes Makaluvamines E/G and K/P. They are distinguished by the
presence of two substituents. One is a methyl substituent on the pyrrole nitrogen,
and the other is a strongly electron-conjugated substituent on the amino nitrogen.

Each compound in this group has the characteristics of a Group 2 compound and

DOI: 10.4236/sar.2025.81001

3 Spectral Analysis Reviews


https://doi.org/10.4236/sar.2025.81001

A. A. Jacques et al.

a Group 1 compound A.

Group 4 contains Makaluvamines N and O. These molecules are obtained by
substitutions in positions 6 and 7 on the pyridine ring of the basic structure.

It’s important to note that these groups are defined regardless of the neutral or

charged (protonated or methylated) nature of the pyridine nitrogen (N°).

2.2. Calculation Methods

Calculations are performed using Gaussian 09 software [10]. The methods used are
Density Functional Theory (DFT) [11] and Time-Dependent Density Functional
theory (TD-DFT) [12]-[14]. These choices are justified by the fact that hybrid func-
tionals such as B3LYP and others, combined with a wide base of functions, lead to
values in good agreement with experimental results [15]. TD-DFT is a generaliza-
tion of the density functional formalism for determining electronic excitation ab-
sorption spectra [16]. The B3LYP/6-311++G(d,p) level of theory was used for opti-
mization calculations of the molecular geometry and vibrational frequencies of the
Makaluvamines in the studied series. The TD-DFT method was used to calculate
absorption properties, with a single point for each structure optimized at the
B3LYP/6-311++G(d,p) level. “Chemissian” software was used to produce the spectra.

For a molecule, the excited state corresponds to the temporary displacement of
an electron from the fundamental layer to a higher level. This is observed after the
absorption of a photon by the atom or molecule. The lifetime of the excited state
is measured according to the following Equation (1) [17].

1499

T= = (1

with fand E representing the oscillation force of the transition and the wave
number in cm™, respectively.

These various calculations have allowed us to determine the absorption spectra,
the absorption bands, the maximum absorption wavelengths, the energy gaps of
the frontier orbitals, the main electronic transitions, and the lifetimes of the Ma-

kaluvamines in the studied series.

3. Results and Discussion

The results of the spectroscopic parameters calculated for the molecules in each
group are compared with those of the reference Makaluvamine I. The neutral
forms are compared with each other, and the charged forms (protonated on the

one hand and methylated on the other) with each other.

3.1. Comparison of Spectroscopic Parameters of Group 1
Makaluvamines and the Reference

The UV-visible absorption spectra of the I, A, C, and H molecules (a); IH*, AH",
CH* and HH" (b) and IMet, AMet, CMet and HMet (c) are shown in Figure 3.
The absorption ranges of Group 1 Makaluvamines, and the reference superpose

each other in the visible UV. The absorption bands of the neutral forms (Figure 3(a))

DOI: 10.4236/sar.2025.81001

4 Spectral Analysis Reviews


https://doi.org/10.4236/sar.2025.81001

A. A. Jacques et al.

i —— Maka I neutre
0.35- Maka A neutre
= 03 —— Maka C neutre
e — Maka H neutre
s 0.25-
T 0.2
8 I
« 0.157
[} I
2 0.1
S
= 0.05-
L o e L e

0 50 100 150 200 250 300 350 400 450 500 550 600 650
Longueurs d’onde, nm

(@

0.7°
0.65 \

0.6- —— Maka I pro
0.55: Maka A pro
0.5- ‘ —— Maka C pro
0.45- —— Maka H pro

0.4-

0.35-
0.3
0.25-
0.2
0.15-
0.1-
0.05-

Forces oscillation

/
LS, F 2 O I N S N O L N I N N O L L [ O O P A O T N [ O P P At A O

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800
Longueurs d’onde, nm

(b)

——Maka I meth
Maka A meth
- Maka C meth
——Maka H meth

L . .. . O L . O . L. AL L LN B B e e

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800
Longueurs(d)’onde nm
c

Figure 3. UV visible absorption spectra of Group 1 makaluvamines compared with the reference molecule. (a)
Neutral makaluvamines; I, A, C and H; (b) Protonated makaluvamines; IH*, AH*, CH* and HH*; (c) Methylated
makaluvamines; IMet, AMet, CMet and HMet.

extend from 180 to 600 nm. In their protonated IH* and methylated IMet forms,
the absorption range of these molecules is reduced from 170 to 480 nm. All these

Makaluvamines have two absorption maxima. The two peaks of the reference
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Makaluvamine I have almost equivalent intensities. Those of the absorption bands
of the charged forms IH+ and IMet are distinctly different. The former is much
more intense than the latter. The spectra of group 1 Makaluvamines show similar
patterns. The results indicate that protonation or methylation modifies the ab-
sorption intensity of these Makaluvamines in the UV visible range. The intensity
of the first absorption maximum is at least twice that of the second. For these four
molecules, the main electronic transitions among those generated with TD-DFT
calculations, the wavelength values of the absorption maxima, the energy gaps be-
tween the transition levels, and the lifetime (7) of the transition [18] are grouped
together in Table 1.

Table 1. Energy gap (eV), maximum wavelength (nm), lifetimes of main transitions (ns)
for Makaluvamines I and Group 1.

Molecules AE Amax T Principal transition

I 3.22 238.7 33.03 HOMO - LUMO:2 (89%)

A 3.23 320.1 66.52 HOMO-1 > LUMO (90%)
C 3.21 236.3 32.54 HOMO - LUMO.s3 (71%)
H 3.21 235.7 32.04 HOMO - LUMO.s; (84%)
IH* 3.11 220.8 12.74 HOMO - LUMO.1 (91%)
AH* 3.12 222.6 18.92 HOMO - LUMO- (85%)
CH* 2.97 224.2 13.27 HOMO - LUMO- (89%)
HH* 2.97 2259 18.50 HOMO - LUMO-: (81%)
IMet 3.11 222.5 14.19 HOMO - LUMO- (87%)
AMet 3.12 224.0 20.33 HOMO - LUMO- (89%)
CMet 2.97 225.2 14.41 HOMO - LUMO-1 (90%)
HMet 2.97 227.0 22.02 HOMO - LUMO- (78%)

Absorption wavelengths An. are between 220 nm and 320 nm, Ze, in the ul-
tra-violet range. In the neutral forms of these four molecules, the principal elec-
tronic transitions associated with absorption are between HOMO and LUMO.,
for Makaluvamine I, and HOMO and LUMO.,; for Makaluvamines C and H. As
for Makaluvamine A, this transition takes place between HOMO_; and LUMO.
When these Makaluvamines are charged, these electronic transitions involve
HOMO and LUMO.,. This observation indicates that protonation and methyl-
ation modify the lowest unoccupied orbital involved in the electronic transitions
observed during the absorption of these molecules. Wavelengths located in the
Ultra-Violet show that the corresponding transitions are of the m > n* type [19]-
[21]. Transition lifetimes range from 12.74 ns to 66.52 ns. Generally speaking,
the charged forms of Makaluvamines have the shortest electronic transition life-
times.

A short excited state lifetime is favorable to fluorescence. A longer lifetime
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could lead to competition between fluorescence and other photophysical processes.
This reflects greater fluorescence activity and relatively minimizes other forms of
energy conversion [22].

The energy gaps of these compounds are relatively close. The lowest values are
obtained with the charged (protonated and methylated) forms of Makaluvamines.
Border orbitals are, therefore, closer together. These results suggest that it is in

these forms that the molecules are more reactive.

3.2. Comparison of Spectroscopic Parameters of Group 2
Makaluvamines and the Reference

The UV-visible absorption spectra of Makaluvamines I, D, M, F, and V (a); IH",
DH*, MH", FH*, and VH" (b) then IMet, DMet, LMet, FMet and VMet (c) are
grouped together in Figure 4.

Figure 4(a) shows that absorption occurs between 180 nm and 600 nm for

1
0.9 — Maka I neutre
Maka D neutre
. 0.8 ‘ \ —— Maka M neutre
-% 0.7 .‘ \ Maka F neutre
Tg 0.6 :' —— Maka V neutre
20.5
]
0.4
=
0.3
0.2
0.1 TS~
0 ———
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900
Longueurs d’onde, nm
(a)
1.1
1 —— Maka I pro
=09 \ Maka D pro
‘% 0.8 . —— Maka M pro
=07 Maka F pro
§ 06 — Maka V pro
wn
§ 0.5
2 04
0.3
0.2
0.1 ~
0 —
0 800 1000 1200 1400 1600 1800 2000 2200
Longueurs d’onde, nm
(b)
DOI: 10.4236/sar.2025.81001 7 Spectral Analysis Reviews


https://doi.org/10.4236/sar.2025.81001

A. A. Jacques et al.

——Maka I meth
Maka D meth

——Maka M meth
Maka F meth

——Maka V meth

0
0

100 200 300 400 500 600 700 800 900 10001100 120013001400 1500 1600170018001900 2000 2100

Longueurs d’onde, nm

(©)

Figure 4. UV visible absorption spectra of Group 2 makaluvamines compared with the reference molecule. (a)
Neutral makaluvamines; I, D, M, F and V; (b) Protonated makaluvamines; IH*, DH*, MH*, FH* and VH*; (c)
Methylated makaluvamines; IMet, DMet, LMet, FMet and VMet.

molecules I, D, F, and V. Makaluvamine M absorbs from around 220 to 850 nm.
This molecule absorbs over a wider range. However, each of these Makaluvamines
absorbs in the ultraviolet as well as the visible. Compared to Makaluvamine I, the
absorption bands of Makaluvamines D, F, and V each show a single peak with
higher intensity. Each of these has a shoulder which is observed at the same wave-
length as the second peak of Makaluvamine I. Makaluvamine M has two absorp-
tion maxima. The first is very intense and is observed at the same wavelength
(around 330 nm) as the shoulders of Makaluvamines D, F, and V. The second is
of low intensity at around 600 nm. Figure 4(b) and Figure 4(c) show the absorp-
tion bandwidths of protonated and methylated Group 2 and I Makaluvamines,
respectively. It appears that for these charged molecules, absorption peak intensi-
ties have increased compared to neutral forms. Makaluvamine M is an exception.
The absorption bands of MH* and MMet extend over a range from 200 to 1020
nm. These structures absorb both the ultraviolet and visible wavelengths. The in-
tensities of the two absorption maxima of the MH* and MMet structures are mod-
ified. The first decreases in intensity, and the second increases. Overall, the ab-
sorption peak intensities of group 2 Makaluvamines are all modified when they
are either protonated or methylated. The majority are stronger.

For Makaluvamine I and those of group 2, the principal electronic transitions
among those generated with TD-DFT calculations, the wavelength values of the
absorption maxima, the energy gaps between the transition levels, and the lifetime
(7) of the transition [18] are grouped together in Table 2.

The wavelength values of the absorption maxima (Am.x)of these neutral, proto-
nated and methylated Makaluvamines range from 220.8 nm to 668.2 nm. These
maxima are observed in the ultraviolet. When Makaluvamines L and M are pro-
tonated or methylated, the maximum absorption, hence wavelength An. is ob-

served in the visible. Both structures, therefore, absorb in the therapeutic domain
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Table 2. Energy gap (eV), maximum wavelength (nm), lifetimes of principal transitions
(ns) for Makaluvamines I and Group 2.

Molecules AE Amax T Principal Transition

I 3.22 238.7 33.03 HOMO - LUMO.2 (89%)

D/] 3.06 250.8 26.08 HOMO - LUMO.4 (53%)

F 2.86 331.9 57.67 HOMO-; > LUMO (93%)

M/L 2.42 335.0 28.00 HOMO - LUMO-1 (93%)

\% 3.10 248.0 22.13 HOMO - LUMO.4 (89%)

IH* 3.11 220.8 12.74 HOMO - LUMO-1 (91%)
DHYJH* 2.06 230.7 11.29 HOMO-, > LUMO.; (76%)
FH* 1.32 250.6 45.01 HOMO - LUMO.s (64%)
MH*/LH* 1.97 668.2 155.80 HOMO - LUMO (100%)
VH* 1.94 233.7 16.31 HOMO - LUMO.4 (74%)
IMet 3.11 222.5 14.19 HOMO - LUMO.: (87%)
DMet/JMet 1.73 230.0 11.61 HOMO-2 > LUMO.1 (77%)
FMet 1.40 382.5 127.98 HOMO-4 > LUMO.1 (97%)
MMet/LMet 1.99 665.7 155.02 HOMO - LUMO (100%)
VMet 2.02 232.5 13.07 HOMO-; > LUMO4; (54%)

[7]. They, therefore, satisfy the condition for the spectral absorption of a photo-
sensitizer. What’s more, in these structures (LH+/MH+ and LMet/MMet), the
principal electronic transitions occur only between the HOMO and the LUMO.
They are of the n > n* type. These transitions have much longer lifetimes, esti-
mated at around 155 ns. In addition, their energy gaps are small. This indicates a
high reactivity of these molecular ions. All these results would proceed in favor of
these forms of Makaluvamines for their photosensitizing properties. For the other
Makaluvamines in group 2, transitions take place either between HOMO and a
LUMO,, (n =1 or 2 or 4 or 8), or between a HOMO-n (n =1 or 2 or 3 or 4) and
LUMO or LUMO.,. These different transitions have shorter lifetimes, ranging
from 11.29 ns to 127.98 ns. All these transitions are of the m > 7* type [19]-[21].

3.3. Comparison of Spectroscopic Parameters of Group 3
Makaluvamines and the Reference

The UV-visible absorption spectra of Makaluvamines I, E/G and K/P (a); IH",
EH*/GH* and KH*/PH" (b) and IMet, EMet/GMet and KMet/PMet (c) are shown
in Figure 5.

As with reference to Makaluvamine I, the absorption band of Makaluvamine K/P
extends from 180 nm to 600 nm (Figure 5(a)). Makaluvamine E/G absorbs from
around 220 to 850 nm. The absorption bands of the reference molecule and Maka-

luvamine K/P have two maxima with slightly different intensities. Makaluvamine
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Figure 5. UV visible absorption spectra of Group 3 makaluvamines compared with the reference molecule. (a)
Neutral makaluvamines; I, E/G and K/P; (b) Protonated makaluvamines; IH*, EH*/GH* and KH*/PH"; (c) Methyl-
ated makaluvamines; IMet, EMet/GMet and KMet/PMet.

Forces oscillation

E/G has one very intense peak and a second of low intensity.
Figure 5(b) and Figure 5(c) show that the absorption band extents of these
protonated or methylated Makaluvamines are slightly modified. The intensities of

the absorption peaks are also shown to be modified compared with those of the
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neutral forms. Makaluvamines E/G are the exception to these findings. The ab-
sorption bands of EH*/GH* and EMet /GMet range from 200 to 1100 nm. These
structures absorb both the ultraviolet and visible wavelengths. The intensities of
the two absorption maxima of EH*/GH"* and EMet /GMet are modified. The first
peak decreases in intensity while the second increases.

In the end, the absorption intensities of group 3 Makaluvamines are all modi-
fied when they are either protonated or methylated. They are very often stronger.

For all these molecules, the principal electronic transitions among those gener-
ated with TD-DFT calculations, the wavelength values of the absorption maxima,
the energy gaps between the transition levels, and the lifetime (7) of the transition
[18] are grouped together in Table 3.

Table 3. Energy gap (eV), maximum wavelength (nm), lifetimes of principal transitions
(ns) for Makaluvamines I and group 3.

Molecules AE Amax T Principal Transition

I 3.22 238.7 33.03 HOMO - LUMO:2 (89%)

E/G 2.56 319.1 22.62 HOMO - LUMO-1 (83%)
K/P 3.07 323.2 74.08 HOMO-: > LUMO (87%)
IH* 3.11 220.8 12.74 HOMO - LUMO.1 (91%)
EH*/GH* 1.98 632.7 93.07 HOMO > LUMO (100%)
KH* (PHY) 1.75 228.6 10.36 HOMO-2 > LUMOu (75%)
IMet 3.11 222.5 14.19 HOMO - LUMO- (87%)
EMet/GMet 2.03 660.6 156.81 HOMO - LUMO (100%)
KMet/PMet 2.04 230.5 21.24 HOMO-; > LUMOu+ (52%)

The wavelengths Am.x of the absorption maxima of all these Makaluvamines (neu-
tral, protonated, and methylated) range from 220.8 nm to 660.6 nm. These are ob-
served in the ultraviolet, but in the visible only for Makaluvamines EH*/GH" and
EMet/GMet. These structures absorb in the therapeutic range (620 to 800 nm).
They meet the absorption requirement for a substance that can act as a photosen-
sitizer in photodynamic therapy. Consequently, their principal electronic transi-
tions take place exclusively between the HOMO and LUMO frontier orbitals.
These transitions are of the n > n* type. Their lifetimes are 93.07 ns and 156.81
ns, respectively. They are significantly longer than those of the other structures.

For the other Makaluvamines in group 3, transitions are mainly either between
HOMO and LUMO,, (n =1 or 2), or between HOMO_, and LUMO or LUMO;,,.
These transitions have shorter lifetimes, ranging from 10.36 ns to 74.08 ns. All
these transitions are of the m > m* type [19] [20] [21].

3.4. Comparison of Spectroscopic Parameters of Group 4
Makaluvamines and the Reference

Two Makaluvamines, N and O, form this group. Figure 6 below shows the UV
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visible absorption spectra of Makaluvamines I, N and O (a); IH*, NH* and OH*
(b) then IMet, NMet, and OMet (c).

The UV visible absorption bands range from 180 to 600 nm for the three neutral
Makaluvamines I, N, and O (Figure 6(a)). Each molecule exhibits two ultraviolet

0.35

0.3 ‘ —— Maka I neutre
e 8 Maka N neutre
0.25 \ \ Maka O neutre
0.2

0.15
0.1
0.05

Forces oscillation

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750
Longueurs d’onde, nm

(@)

05 ‘ —— Maka I pro
0. 4'5 | Maka N pro
0.4 ‘ Maka O pro

Forces oscillation

0.05 N
0 \ o~ B—
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850

Longueurs d’onde, nm

(b)

o
o))

0.55

[ | ~—— Maka I meth

| | —— Maka N meth
\ Maka O meth

< e
w e N e
(V. N NNV BV, ]

scillation

& 03 [/ 1}
$0.25 If \
0.2 (| [/
0.15 N [
0.1 )\
0.05 1V \\\f \
O ’ ’ S

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850
Longueurs d’onde, nm

Forc

Figure 6. UV visible absorption spectra of Group 4 makaluvamines compared with the reference molecule. (a)
Neutral makaluvamines; I, N and O; (b) Protonated makaluvamines; IH*, NH* and OH*; (c) Methylated maka-
luvamines; IMet, NMet, and Omet.
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absorption peaks. For a given absorption peak, the An. values are virtually the
same for all three molecules. The two absorption peaks of Makaluvamine I have
similar intensities. Makaluvamine O’s first peak is more intense than those of the
other Makaluvamines, and its second is less intense.

Figure 6(b) and Figure 6(c) show the absorption spectra of the protonated and
methylated forms, respectively. Compared with those in Figure 6(a), they show
some modifications. In particular, the absorption band of Makaluvamine O. For
Makaluvamines I and N, absorption peak intensities have increased. The methyl-
ation of O reveals three absorption maxima. The absorption region of O is also
reduced between 140 nm and 390 nm.

For all these structures, the main electronic transitions among those generated
with TD-DFT calculations, the wavelength values of the absorption maxima, the
energy gaps between the transition levels, and the lifetime ( 7) of the transition [18]

are grouped together in Table 4.

Table 4. Energy gap (eV), maximum wavelength (nm), lifetimes of principal transitions
(ns) for Makaluvamines I and Group 4.

Molecules AE Amax T Principal Transition
I 3.22 238.7 33.03 HOMO - LUMO.2 (89%)
3.08 242.8 29.11 HOMO > LUMO.2 (90%)
(@) 3.07 238.7 32.29 HOMO - LUMO:1 (99%)
IH* 3.11 220.8 12.74 HOMO - LUMO.1 (91%)
NH* 2.92 230.5 15.39 HOMO - LUMO.1 (87%)
OH* 3.24 231.3 29.77 HOMO - LUMO.2 (75%)
IMet 3.11 222.5 14.19 HOMO - LUMO. (87%)
NMet 2.85 237.1 21.76 HOMO - LUMO:-: (84%)
OMet 9.16 232.8 23.46 HOMO-1 > LUMO (90%)

The wavelengths An.x of the absorption maxima of these Makaluvamines (neu-
tral, protonated, and methylated) are all observed in the ultraviolet. They range
from 220.8 nm to 242.8 nm. The principal electronic transitions associated with
these absorptions are between HOMO and either LUMO,, or LUMO,,. One ex-
ception is observed in OMet. The transition involves HOMO_,; and LUMO. All
the transitions observed are of the m > m* type [19]-[21]. Their lifetimes are short,
ranging from 12.74 ns to 33.03 ns. The energy gaps in these structures are rela-
tively large compared with those in the others. That of Makaluvamine OMet is
very apparent. It reflects the great stability of this structure.

Finally, none of the structural forms of the Makaluvamines in Table 4 are ab-

sorbed in the therapeutic domain.

4. Conclusions

To carry out this study of the spectroscopic properties of the Makaluvamines
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series listed in the literature, we performed “single point” calculations at the TD-
DFT // B3LYP/6-311++G(d,p) level of theory. Gaussian 09 software was used for
these calculations. A second software package, Chemissian, was used to access the
spectroscopic data of the molecules. We determined:
e Absorption spectra in the visible ultra-violet range. These provide information
on the absorption bandwidths of molecules.
e Wavelength values of absorption maxima.
e The main electronic transitions associated with absorption maxima and their
lifetimes

With the exception of Makaluvamines M/L and E/G, the transition from the
neutral to the charged (protonated or methylated) form induces a decrease in the
wavelength of the absorption peak. The same applies to the lifetime of the associ-
ated transition. For Makaluvamines M/L and E/G, absorption peak wavelengths
almost double when protonated or methylated. The HOMO and LUMO frontier
orbitals are close together in these structures. In these charged molecules (proto-
nated or methylated), the principal electronic transitions take place exclusively
between the HOMO and LUMO frontier orbitals. Their lifetimes are very long
compared with those of neutral forms. MH*/LH*, MMet/LMet, EH"/GH*, and
EMet/GMet molecules absorb in the therapeutic range (620 nm to 800 nm). They
also have longer lifetimes in their excited states. They could possess photosensi-

tizer properties for use in photodynamic cancer therapy.
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