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ABSTRACT:

In this study, an improved synthesis of 1,5-bisi@¥ylphenyl)-1,5-dithiapentan@
has been performed according to the literature inigh yield. 1,5-Bis (2-benzyl
alcohol)-1,5-dithia pentanet) was prepared by the reduction reaction of prexurs
compound in high yield via solvent-free conditiomseatment of substituted benzylic
alcohol with bromotrimethylsilane in dry acetoriérin the presence of Nal resulted
the formation of desired iodine derivativ® (n very high yield. 7,8-dihydro-6H, 14H,
19H-dibenzo[bj][1,12,5,8]tetradithiacyclopentadexib6,17-dicarbonitrile @) was
synthesized by the reaction of compoundand dithiomaleonitrile disodium salt.
Magnesium porphyrazine carrying symmetrically fd%membered tetrathia macro-
cycles has been synthesized by the cyclotetrantienzaeaction of dicarbodinitrile
compound T) in the presence of magnesium butoxide accordinghe Linstead
procedure. We focused on the prediction of the gagonoptimization, normal mode
frequencies, UV absorption spectra, chemical slaftd electronic properties of the
compound by using B3LYP method with 6-31Gldisis set. These novel compounds
were characterized by a combination of elementalyais,'H, > C NMR, FT-IR, UV-
vis and MS spectral data. An X-ray crystal struetaf dicarbodinitrile compound’)

is also presented. The computed results are vesedo the obtained experimental
results by spectroscopic techniques.

Keywords: Tetrathia macrocyle; Metalloporphyrazines; Macizgtion; Green chemistry;
Template effect; Computional chemistry.

1. Introduction

One of the important cornerstones in tetrapyrral@acrocyclic systems is the
porphyrazines.Porphyrazines are similar to phthalocyanines sy tam also be used
in similar applications as phthalocyanines. In castt porphyrazines and their
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derivatives such as aminoporphyrazines, porphyoéziand porphyrazine-thiolates
have been less studied since their first sythegisch took place almost 60 years
ego?™ Porphyrazines have found applications in diversasisuch as industrial dyes
and pigments, electrocatalysts, electrochromic laysp PDT, chemical sensors,
Langmuir-Blodgett films, liquid crystals and nomdar optics, including their
application in material sciencg.The first synthesis of crown-fused porphyrazines ha
been accomplished by groups of Hoffman and NolfePorphyrazine derivatives,
which contain soft sulfur donor atoms, play an im@ot role in affecting the solid-
state interactions and the sulfur atoms in the o@@lic unit also give the opportunity
to bind soft transition metal catiofs*In addition to that, the electron-withdrawing
effect of the maleonitrile moiety may reduce thecalon-donating ability of the sulfur
donors in macrocyclic unit and this kind of heteoma strongly perturbs the
porphyrazine grand state transition shifting toutsible-to-near-IR regiof’

For several decades, since their discovery angitreering study by Pederskn,
innumerable studies on crown ethers and their goel® with different donor atoms
such as oxygen, nitrogen, sulfur have been caoigdand their complexation ability
has been extensively studi¥dThioether crowns are known to coordinate “soft” ahet
cations such as low-valent transition metals armigriB and 1B in either an exo or
endocyclic modé’ Thia-macrocyclic metal complexes are highly stabie have
received great attention to their biological a¢ies including different applications
such as antitumor, antibacterial, antiviral and icantinogenic properties.
Porphyrazine-linked thia macrocycles are intergsttompound due to selective
extractant properties for soft metal cations anddeh capability for the active sites of
some enzymes,

In recent years, Density Functional Theory (DFT)thmods have widely been
used for the interpretation and prediction of campbystems behavior at an atomic
scale, the developments in the methodological, switivare have transformeab
initio and DFT approach in a completeyl interdisciplinggience from molecular
sciences to the diverse fields of chemigtiy.is known that the DFT (B3LYP) method
adequately takes electron correlation contributiong account, which are especially
important in systems containing extensive electmmugation and electron lone pairs.
Nowadays, it is commonly agreed that electronicicttire calculations of excited
states of coordination compoundare very importamingement to spectroscopic
techniques. Nevertheless, due to the size, the stagjeneracies, the dynamical
correlation and relativistic effects, theoreticalaulation of ground and excited state
properties of metal complexes which use computatianethods confront some
difficulties. In addition to that, DFT methods aaso extensively used in order to
simulate the electronic spectra of metal compledespite the fact that the most
appropriate method to describe the ground stateeaniled state properties of these
kind of compounds seem to be the multiconfiguratioself-consistent-field one
including relativistic effects. The most popular arg them is the time-dependent
DFT (TD-DFT) approach!



In the present study, we synthesized and ctexiaed a novel metalloporphyrazine
having four tetrathia crown ether moieties. X-Ragystal structural analyses
concerning the dicyano compound has also been rpggth In addition to detailed
synthesis procedures, we also theoretically ingattd the geometry optimization of
precursor dicyano compound)(and magnesium porphyrazine by means of B3LYP
method with 6-31G(d) basis set.

2. Results and Discussion
2.1. Synthesis

1,5-Bis(2-formylphenyl)-1,5-dithiapentan&)(can be prepared in high yield using a
step known synthetic routeas outlined in Schemd@hkere are many reports for the
synthesis of compoun8 One of them, the dicarboxylic acid derivativetiog skeletal
framework was then reduced to the alcohol and sedliover manganese dioxide to
form dialdehyde J). This compound has been synthesized previouslpwnyields,
different ways and with different physical propesi’ Beloglazkina®?® Naeimf?® and
co-workers synthesized compouBBdunder similar reaction conditions. However the
compound 8) we obtained is purer than those mentioned inliteeature in terms of
spectral data. 2-Nitrobenzaldehyde, propane-1f8adind inorganic base should be
sufficient to achieve quantitative conversion osided compound in 89% yield. The
present QAr-reaction is high-yielding compared with similegactions. According to
the above mentioned literatuié;?**#*the melting point of this compound was 56-57,
52-53 and 112-114 °C, respectively. These dataemedifferent from our result. The
structure of the compound produced by us was aqoefir by spectroscopic data.
Compound3 displayed the expected molecular ion peak at n82Z[M+1]". In the'H
and*C NMR spectra of this compound, the characteriggonances of the aromatic-
aliphatic protons and carbons were similar to thads@e literature mentioned above but
our spectra for compourlare the clearest of all.

The preparation of 1,5-bis(2-benzyl alcohq§-dithiapentane4) was first carried
out by Lindoy?® Castr6**? and then Taylor et &f° In these mentioned literature the
dicarboxylic acid derivative of thia ether bridgengpounds were reduced to the alcohol
using a variety of reducing agents such as LiA#dd NaBH. Using ecologically safe
reagents or media in organic reaction is an impornp@radigm in today’s chemistry.
Reduction reactions, carried out in green chemisiegia, have received great attention
with advantages such as simple work-up proceduseggrsaving, avoidance of solvent
waste and toxicity® We reducted the precursor compound with an egemamount
of NaBH, in the presence of wet SiQunder solvent free conditions with 85%
conversion within 10 min. FT-IRH and **C NMR spectroscopic data concerning
structural characteristics were in accord with psgd structure and literature
mentioned above. The structure of this compound walas confirmed by its MS
spectrum, in which the peak at m/z = 320 corresjmantd [M]" was observed.



)@

89% S 850/ 92%
(N} ¥)]

—0 g >\
S S0y, H,0 Nal, Me;SBr
2 + K2CO3 o NaBH4 CHACN
SH SH — %
NO, Ar, 60°C Ar,rt

q
LR

(©)] ©)]

</\ S/j

S
O )
Ny X
Nas CN Mg, I, \Q/ \Q/
AN

o e B, y
NaS CN Ar, ;;’qu rZ;%ux VAN /
@ O-AXT0

S.

@wé o

MgPz

Scheme 1. The synthesis dflgPz

The conversion of alcohols into iodine derivativés a very important
transformation process in organic chemistry. F@ tbason, convenient routes have been
reported in the literatu®. Examples have been reported utilizing
KI/BF 3.ELO,>*PhyP/1,2°“® or trimethylsilyl chloride’>*" A comparison of the known
methods showed the bromotrimethylsilane/Nal to be&remconvenient due to
iodotrimethlysilane generated in situ. This reactiwas found to proceed smoothly at
room temperature in 20 min. Benzylic OH groups doedsily be substituted by iodide
groups in high yield (92%) using this procedureeaiment of substituted benzylic
alcohol @) with the three equivalent of bromotrimethylsilaimedry acetonitrile in the
presence of an equivalent amount of Nal resultethe formation of desired iodide
derivative 6). The'H NMR spectrum of5 clearly showed the characteristic emerged
signals ato = 4.61 ppm concerning iodide substitution. The eotlproton-NMR
resonances 0b closely resembled those of the precursor compodhdThe proton-
decoupled™C NMR spectrum of5 also clearly indicated the presence of expected
signals. The disappearance of the characterigiitals concerning benzylic OH, along
with the appearance of the chemical shift§ at4.66 ppm corresponding to GHcarbon
indicate the conversion reacti6h. A diagnostic feature of iodination formation from
compound4 is the disappearance of the O-H resonances at@808n the IR spectrum.
The mass spectrum of this compound shows the mlale@mn peak as m/z : 541.956
[M+1]" and the other bigger fragment ions are observgelther with the corresponding
leaving groups (Fig.1).
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Figure 1.The mass spectrum bf

The substituted tetrathia crown compound can behsgized using a four step
synthetic route as outlined in Scheme 1. Treatnoénthe compounds with cis-1,2-
dicyano-1,2-ethylenedithiolate disodium sa@) (in dry acetonitrile resulted in the
formation of desired 15-membered macrocytla 19% yield (Scheme 1). A method for
the synthesis of thia crown ethers developed byBand Kellogg’ involves CsCO;
mediated cyclization of dithiole and a dihalideDMF by high-dilution technique. Using
this method, tetrathia crowned macrocycles haven Isyathesized in low yield (10%).
This situation could be attributed an “inside-ogtinformation in which the electron
densities of the sulfur atoms point out the Ahdn addition to that, aromatic-aliphatic
chains crown thio ethers with rigid aromatic mastiadopt only a limited number of
possible ring conformations and the effective iz is reducetf. The macrocycle?)
was then prepared by straightforward condensagawtion in dry acetonitrile media in
19% over all yield as shown in Scheme 1. The strecbf macrocycle?) was proven by
a combination of NMR, IR, elemental analysis, M3l &tray spectral data. ThiH
NMR spectrum of this macrocycle is very similartie precursor compouné)(except
for the formation of novel CHS chemical shifts ai = 4.27 ppm as expected. Proton-
decoupled®C NMR spectrum of was in good agreement with proposed structure. The
characteristic signals concerning SCBH,, Ar-CH,, C=C and €N groups ab =34.58,
30.09, 38.31, 127.53 and 112.80 ppm, respectivadigarly suggested that
macrocyclization has occurred (Fig.2). In the IRecdpum of this compound, the
appearance of intense=R vibrations at 2208 cth also supported the formation of
macrocycle. The ESI mass spectrum of this compaxmibited a molecular ion peakat
m/z = 426.57, which corresponds to [Mé&nd also supports the structure.
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Figure 2. The structure of7

The cyclomerization of 15-membered tetrathia magslec substitutectis-1,2-di-
cyano-1,2-ethylene dithiolate based on a templif¢eteof magnesium butoxide has been
used to generate the microcrystalline magnesiunplpoazine MgPz] in 23%. An
attempt to obtain good-quality single crystalsMfPz was unsuccessful. In addition to
that, the low solubility of this compound does petrmit to obtain good-quality NMR
spectra. ThéH NMR spectrum of this compound, the characterisiimals relating to
the CHS, CH, Ar-CH,S and aromatic group linked with tetrathia crowmeakcrocycle
units gave significant resonances of the proposedtare at = 3.21, 1.97, 5.40 and the
range of 7.40-6.76 ppm, respectively. The peakeelto the EN group in the*C NMR
spectrum oM gPz vanished in the case of metalloporphyrazine. lditech to that, the
appearance of C=N signals &at= 140.05 ppm foMgPz concerning the inner core
instead of &N resonances i supported the formation of desired compound. Adiogy
to the IR spectrum dfigPz, the stretching vibrations for the=8 groups at 2208 cth
for precursor compound disappeared and a novehaese appeared at 1626 tthat is
attributed to the C=N groups in the porphyrazineecd@he ESI mass spectrumMigPz
was measured as m/z = 1728.16 Tdhd is in good accord with the proposed structure.

The correlation analysis between the experialearid theoretical results computed in
this work has been done to observe experimentadisiemcy with the chemical shifts
calculated by using B3LYP/6-31G(d) level. In ordercheck the performance of the
theoretical approach, correlation analysis has loeae for full set of the chemical shifts
for compound7 considered in gas phase and chloroform (TahleThe correlation
par-ameters ofCom.7 were calculated as “R 0.9935 in gas phase and R0.9937 in
solvent (Fig. 3). TheoreticaH and**C chemical shift values calculated with GIAO-DFT



with respect to TMS ofCom.7 are significantly in agreement with the experinaént

values.

Table 1. Values of the'H and**C NMR chemical shifts oCom.7 as computed by

using B3LYP method with 6-31G(d) basis set andlalée experimental data

Atoms Exp Gas phase  Chloroform
Cc7 134.39 137.17 137.08
C3 127.53 134.45 134.59
C8 136.99 129.91 129.35
C10 123.19 125.06 125.69
C6 128.83 125.15 125.15
C5 132.69 123.27 123.73
C4 130.29 121.16 121.67
C11 112.80 102.74 103.59
C9 38.31 4417 44 .47
Cc2 34.58 38.88 38.96
C1 30.09 29.98 29.79
H3 7.07 7.47 7.51
H6 7.34 7.43 7.41
HS 7.21 7.03 7.15
H4 7.15 6.97 7.11
H9 4.27 4.27 4.35
H2 2.97 2.74 2.82
H1 1.95 1.25 1.26
140 - (a) Gas phase Ve 140 - (b) Chloroform Ve
120 | ¥ =0.9675x + 1.0746 v 100] Y=009687x+1.1384 94"
R2 =0.9935 R2 = 0.9937
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Figure 3. The correlation graphs between the experimentikaiculatedH and™C

chemical shifts foCom.7 calculated by using B3LYP/6-31G(d) level, (a) asghase
(b) in solvent chloroform, respectively.




2.2. Electronic properties

Figure 4 shows the absorption spectrum of sgtroally 15-membered ;S
macrocycles tetra substituted porphyrazinato magmesomplex. Metal porphyrazines
show an intense Soret (B) band at aroupg <400 nm and a significant sharp bands that
have their principal absorptions at aroung,>600 nm® The absorption spectrum of
MgPz taken in chloroform at room temperature exhibitsrang absorption at .= 685
nm which is because of the— z* transition and is referred to as a Q band whalhtes
to a strong low-energy absorbance. The other absorps accompanied by a slightly
higher energy shoulder at = 625 nm. The sharp single bandat, = 685 nm is
characteristic of tetrapyrrolic systems such asplpgnazine, phthalocyanine and
derivatives withD 4, symmetry?*' However, another intense absorption at ardurd83
nm can be attributed to the so-called N-band, wiscktrengthened with respect to the
Soret band. The Q and Soret band absorptions sheuldlated taa—=* transition from
g, HOMO to the double degeneratgl&JMO orbitals** The very broad absorption at
aroundina= 519 nm is assigned to arm* transition of the non bonding electrons of
the peripheral sulfur and nitrogen atoms, whichaagociated with porphyrazine core
system. This strong coupling of the nonbondingtebtes with ther-system also resulted
in considerable broadening because of vibratianal $tructuré?
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Figure 4. The UV-vis spectrum df1gPz (1x10° M in chloroform)



The highest occupied molecular orbital (HOM@pd the lowest unoccupied
molecular orbital (LUMO) energies are importantgraeters in molecular orbital theory.
The energy gap between the HOMO-LUMO orbitals ctimrazes the electron
conductivity and the spectroscopic properties efrttolecules.

The electronic gap values are calculated .&378 eV forCom.7 and 2.1560 eV for
MgPz at B3LYP/6-31G(d) level as seen in Table 2. Tphcogap values are calculated
as 3.7547 eV foCom.7 and 1.8644 eV foMgPz. These energy gap values show that
charge transfer in the molecule exists. The higlttedn density is mostly localized on
the N atom as can be seen in Figure 5a,b. Typiaaiganic semiconductors with a band-
gap of about 3 eV are applied as photoactive nad$erbut the observed open-circuit
voltages are only in the range of 0.5-#%The inorganic semiconductor materials used
to make photovoltaic cells have energy band gapliwthe range 1.1-1.7 eV ,that is
they are near to the optimum energy band gap (¢)5f@ photovoltaic solar energy
conversion by a single junction solar ¢8lAccordingly, the molecule is a candidate for
inorganic semiconductor materials. In addition, ¢chéulated self-consistent field (SCF)
energies ofCom.7 and MgPz are calculated as -2513.178 a.u. and -10253.588 a.u

respectively.

Table 2. Electronic parameters of the compounds.

Electronic parameters| Com. 7 MgPz
HOMO (eV) -6.3876 -5.8589
LUMO (eV) -2.5503 -3.7029
AE=LUMO-HOMO (eV) 3.8374 2.1560
TD/LUMO-HOMO (eV) 3.7547 1.8644

| (eV) 6.3876 5.8589
A (eV) 2.5503 3.7029
Y (eV) 4.4689 4.7809
Hardnessxy() 1.9187 1.0780
Softness (S) 0.5212 0.9277

The electrostatic Surface Potential (ESP) thaassociated with partial charge and
electronegativity plots exhibit the distribution dfarge of compounds with respect to the
difference between positive and negative chdtgée ESP map of the surface presented
in molecular size shows the shape and electrogtatential value. Colours seen on the
ESP surfaces indicate different values of the mdetdtic potentials. Red colour
represents the regions carrying the most electaingg potentials, i.e. electron rich
regions, blue colour represents regions of mosttipespotentials, i.e. electron poor
regions and green colour means zero potential. ibleed potentials increase in the
following order: red<orange<yellow<green<blue. Thleepest blue region defines
strongest attraction and the deepest red descstvesgest repulsion. However, the
electrophilic reactivity has been presented by nhegared) regions but nucleophilic
reactivity has been shown by the positive (blug)aies. The ESP oCom.7 and MgPz
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changes from -0.04368 a.u. to 0.04368 a.u.@om.7 and from -0.007525 a.u. to
0.007525 a.u. foMgPz, respectively, as seen in Figure 5a,b. The engayy [AE =
LUMO-HOMO)calcd.] = 2.1560 eV] oM gPz is significantly smaller tha@om.7 which
can be attributed the introduction of electron dmgasulfur atoms at the positions of
porphyrazine. Especially sulfur moieties at ¢hgositions in porphyrazine can destabilize
the HOMO energy’ so that the HOMO-LUMO value becomes smaller tBam.7.

As shown in Figure 6 fo€om.7, LUMO electrons are mostly localized on double and
triple bonded groups such as C=C angNC On the other hand, HOMO electrons are
mostly localized on the aromatic and thia etheugso The LUMO electrons d¥lgPz
(Fig. 7) are mostly localized on C-N moieties. Hmar, the HOMO electrons are mostly
localized on carbon and sulfur atoms which areddhkyrrole units.

Also the chemical hardness) (and electron affinity (A) of the molecules can be
calculated from the HOMO-LUMO orbitals. The chenticardness values @om.7 and
the MgPz are 1.9187eV and 1.0780 eV, respectively. The traecaffinity (A),
electronegativityy), chemical hardnesg) and softnesss of the molecules are given in
Table 2. Hardnesg)) data of Com.7 and MgPz are calculated as 1.9187 and 1.0780,
re-

-4.363¢-2 [ T 3682

Figure 5a. The molecular electrostatic potential surface welpulated at B3LYP/6-
31G(d) level ofCom.7.

spectively. The hardness characteMajPz decreases according to the precursor com-
pound and on the contrary, the softness charautezases because of the decrease of
absolute electronegativity of porphyrazine c8re.
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Figure 5b. The molecular electrostatic potential surface walpulated at B3LYP/6-
31G(d) level oM gPz.

HOMO LUMO

Figure 6. The HOMO and LUMO energies f@om.7 with B3LYP/6-31G(d) basis set in
gas phase.
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HOMO LUMO

Figure 7. The HOMO and LUMO energies ftv gPz with B3LYP/6-31G(d) basis set
in gas phase

2.3. X-ray structure

The X-ray structural determination of theetidlompound confirms the assignments of
its structure from spectroscopic data (Table 3) Ttolecular structure along with the
atom numbering Scheme is depicted in Figs. 8a dndwlere the asymmetric unit
contains two crystallographically independent moles and the bond lengths and angles
are within normal ranges. The selected bond lengibisd angles and torsion angles and
the hydrogen-bond geometry are given in Tables 4 &4 (see Table S1 in the
Sopporting Information), respectively. The aver&y& bond lengths and C-S-C bond
angles are 1.787(4) A and 101.5901@r molecule 1) and 1.789(4) A and 101.26(19)
(for molecule II) (Table S1), respectively. Thedligl cavities may play important roles in
the complexations and metal-ion selectivities. Titeamolecular S1...C5 [6.454(3) A,
S2...C21 [6.603(3) A],C11...C21 [6.210(3) A],C5...C15 69(3) A], C5...C21
[6.068(3) A], C6...C21 [6.005(3) A] (in molecule Iha S7...C42 [6.506(4) A], S8...C26
[6.475(4) A], S8...C27 [6.004(3) A], C32...C42[6.064(&), S7C41 [5.990(3) A],
C26...C42 [5.967(3) A],(in molecule 1) distances miaglicate the hole sizes of the
rings. The planar rings A(C6-C11), B(C15-C20),C(6232) and D(C36-C41) are
oriented at dihedral angles of A/B=24.5013Y/C = 11.77(12), A/D = 43.56(11), B/C
= 15.89(14), B/D = 21.40(12) and C/D = 32.29 (12) In the crystal structure,
intermolecular C-H- - S interactions (Table 4) lihk molecules into infinite chains along
the a-axis (see Figure S#P Supporting Information), while the molecules atacked
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along the a-axis and elongated along the c-axie (Sgure S21 in Supporting
Information)®
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Figure 8a. ORTEP-3 [3] drawing (for molecule |) of the tit®@mpound with the atom-
numbering Scheme. Displacement ellipsoids are digvtine 50% probability level.
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Figure 80.ORTEB-3 [3] drawing (for molecule II) of the titteompound with the
atomnumbering Scheme. Displacement ellipsoids asevrd at the 50% probability

level.

Table 3. Crystallographic data fa&om. 7.

Empirical formula
Colour/shape

Formula weight

T (K)

Radiation used, graphite monochr.
Crystal system

Space group

a(A)

b (A)

c(A)

a(’)

6(°)

K°)

Vv (A%

z

Absorption coefficient (mm'l)
Peac (mg mm”)

Crystal dimensions (mm)
6(Max.) (°)

8(Min.) (°)

Reflections measured

Range of h, k, /|

No of reflections with I>2 (/)
Corrections applied
Structure solution
Treatment of H atoms

No. of parameters var
Goodness-of-fit S

R = IFol - IFlll/IFo

Rw

14

Ca1H1gN2S,
colorless/plate
426.61

120(2)

Mo Kq (A =0.71073 A)
monoclinic

P 2/n

10.9323 (2)
16.1929 (3)
23.1279 (5)

90

97.186 (3)

90

4062.07 (14)

8

0.477

1.395

0.09 x0.19x0.24
25.68

2.95

7673

-13<h <11

-19 k<19
-284<28

4899
Lorentz-polarization
Direct methods
Geometric calculations
487

1.044

0.0564

0.1442



Rint 0.0696
(A/P)rmax (€ A7) 0.991

Table 4. Hydrogen-bond geometry (A, o) f@om.7.

D-H--A D-H H--A DA D-H---A
C21-H21B--S8'  0.99 2.67 3.546(4) 148
C42-H42A--51"  0.99 2.84 3.572(4) 131

Symmetry codes: (i) % -x, b +vy, % -z, (ii)3/2 -x, - +vy, ¥ - 7.

Selected theoretical bond lengths, bond armbelstorsion angles of téom.7 and
MgPz compounds computed from B3LYP/6-31G(d) are giveTable SAsee Table
S2 in the Supporting Information) with the expenta data as a supplementary
material. The computed bond lengths, bond anglestarsion angles, as shown in
Table S2, help us to understand the molecular tsireicof the Com.7 and M gPz
compounds. For example, the mean bond length oN#@ is measured as 1.141 A
while it is computed as 1.165 A f@om.7 and 1.336 A foMgPz by using B3LYP/6-
31G(d) level. Also, the mean length value of th€ & measured as 1.7877 A while it is
computed as 1.824 A faEom.7 and 1.821 A forMgPz by using B3LYP/6-31G(d)
level.

The mean bond angle of the C-S—-C is measwset04.423° it is calculated as
104.133° forCom.7 and 104.739° foMgPz using B3LYP/6-31G(d) level. The mean
bond angle of the C-C-C is measured as 112.450% dalculated as 110.159° for
Com.7 and 110.665° foMgPz. The mean bond angle of the N-C-C is measured as
177.725° it is calculated as 177.988° @om.7. It is calculated as 124.345° fitrgPz.
Additionally, the selected dihedral angles for tleenpounds are also given in Table S2.

As a result, the experimental value of bontyths, bond angles and torsion angles
of the compounds were compared with theoreticahotttThe correlation (= 0.9985
and R = 0.9903) between the experimental and theoretioat lengths of th€om.7
andMgPz is good, as shown in Figure 9. There is compdtietween experimental
and theoretical results for the geometric pararseitthe chemical compounds.
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Figure 9. The correlation graphs between the experimentalcahcllated geometric
parameters of th€om.7 andM gPz calculated by using B3LYP/6-31G(d).
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3. Conclusions

Here, a novel porphyrazinato magnesium (linmpkex derived from 7,8-dihydro-
6H,14H, 19H-dibenzo[bj][1,12,5,8]tetradithiacyclopadecine-16,17-dicarbonitrile has
been synthesized in a multi-step reaction sequandecharacterization. The optimized
conditions for some reaction steps such as SKArdduction 4) and iodination %)
reactions have been achieved. The 15-memberedthiatranacrocycle {) was
synthesized and the X-ray structure of this compgaosimowed that it crystallizes in the
monoclinic system with a R& space group. In addition, we also investigatesl t
geometry optimization of tetrathia macrocycl® @nd magnesium porphyrazine by
means of B3LYP method with 6-31G(d) basis set. Soffray data such as bond
lenghts, bond angles and structure concerning rogciio compound were compared
with theoretical results in Figure 9. Theoreticalcalation of Com.7 and MgPz
compounds obtained by using B3LYP/6-31G(d) leve eaported here for the first
time. It is seen that there is compatibility betwexperimental and theoretical results
for characterizing the compounds. The HOMO and LUMfDitals of Com.7 and
MgPz have also been predicted. Macrocylic precursor pmamd ) and metallo
porphyrazine MgPz) containing symmetrically four macrocyclic unitsopide an
opportunity of these compounds for heavy metalastion, especially soft metals, in
extractions from water media to organic phase. Sateps of the synthesis of
macrocycle could be completed on green chemisag.ar

4. Experimental Section

4.1. General: All organic solvents used were analytical grade anigd over
standard drying agent and procedures prior td"‘Usehydrous butanol was stored over
magnesium butoxide and distilled before. Unlesemwtise stated, all reactions were
carried out under argon atmosphere in a vacuum dineaising standard Schlenk
techniques. TLC was performed on Merck aluminumeshevith silica gel 60 F254.
Merck silica gel 60 (0.063-0200 mm) was used fduem chromatography. Melting
points were determined on an electrothermal melfognt apparatus in a sealed
capillary and are uncorrected. Infrared and UV-sfiectra were recorded with on a
Perkin Elmer UATR Two spectrometer and on a ShimadiV-1601
spectrophotometer, respectivelid and**C NMR spectra were recorded with a Varian
Mercury plus 300 MHz spectrometer. The reportedribal shifts are given relative to
Si(CHz)4 and were locked to the signal of the solvent. Mgmesctra of compounds were
obtained a Thermo TSQ Quantum Access MAX. LC-MS/aff8 in linear modes with
average of 50 shots on a Bruker Daltonicis Microfieass spectrometer equipped with
a nitrogen UV-Laser operating at 337 nos-1,2-Dicyano-1,2-ethylenedithiolate was
prepared according to the literatdte.

4.2. X-ray crystallography

Suitable crystals of the title compound wasystallized from ethanol.
Crystallographic data were recorded on a Brukerp&apPEXIl CCD area-detector
diffractometer using
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Mo K, radiation £=0.71073 A) at T=120(2) K. Absorption correction imltiscari?
was applied. Structure was solved by direct metreus refined by full-matrix least
squares against®Rusing all datd® All non-H atoms were refined anisotropically.
Aromatic and methylene H atoms were positioned geooally at distances of 0.95
(aromatic) and 0.99 (Chifrom the parent C atoms; a riding model was whathg the
refinement process and thedH) values were constrained to be 1.g2{flor aromatic
and methylene carrier atoni$)The crystallographic data are given in Tabl€&DC-
1499665 forcom.7 contain the supplementary crystallographic data this

paper.

4.3. Theoretical calculations

DFT methods account for electron correlatignestimating the interaction of an
electron with the total electron density. DFT calstare formed from basis functions
like those used in SCF or MP2. The most popular Di&thod is BSLYP (Becke3-
Parameter method for calculating that part of tledegular energy due to overlapping
orbitals plus the Lee—Yang—Parr method of accogntior correlationf* The
theoretical calculations were performed to deteenvimether they are compatible with
the experimental and theoretical results.

The molecular structure of the compound wastoped to get the global minima
using B3LYP/6-31G(d) level. The same calculatioagedure is also used to predict the
1H and 13C NMR chemical shielding constants in glagse by applying the GIAO-
B3LYP. After that, the same basis set and comprnati method are used for the
vibrational spectra of the compound by using thenaped structure. Moreover, TD-
DFT/B3LYP/6-31G(d) computations of the compound eversed to predict the
electronic absorption spectra in gas phase. Allcdleulations were performed in gas
phase by using Gaussian 09. Revision C1 prograflUBiTAK clusters® In addition,
GaussView 5.0.9 was used for the visualizatiorhefgtructuré®

4.4. Synthesis

Synthesis of 1,5-Bis(2-for mylphenyl)-1,5-dithiapentane (3)

Propane-1,3-dithiol (2.16 g, 20 mmol) was added &wlution of 2-nitro benzaldehyde
(6.16 g, 40 mmol) inside a round-bottom flask iry dMF (50 mL) under argon

atmosphere at room temperature. Finally powderégydio potassium carbonate (6 g,
43.47 mmol) was added portion-wise and the reactiotiure was stirred at 60 °C for
27 h. The reaction was monitored by a thin layerostatography [silica gel

(chloroform)]. The mixture was filtered off whileoh and then cooled to room
temperature. The cooled solution was poured in&sted ice (150 g) and resulting
mixture was filtered, washed with cooled water #meldried in vacuo. The pale yellow
solid product was recrystallized from ethanol thefforded desired compound
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inexcellent yield. Yield: 5.65 g (89%), mp. 83-85 flit.datd: mp.56-57 °C, lit dafa
mp.51-53 °C, lit. dafa mp.112-114 °C)*H NMR (300 M Hz,CDC)): 5 10.36 (s, 2H,
HC=0), 7.84 (d,) = 7.83 Hz, 2H, ArH), 7.49 (1) = 7.63 Hz, ArH, 2H), 7.41 (d] =
7.83 Hz, 2H, ArH), 7.31 (tJ = 7.43 Hz, 2H, ArH), 3.12 (t) = 7.04 Hz, 4H, CKb),
2.12-2.06 (m, 2H, C}). 13C NMR (75.MHz, CDC)): 6 191.39, 140.96, 134.12, 133.98,
132.34, 128.23, 125.61, 31.98,27.28. FT-IR ‘B064 (Ar-H), 2963-2841 (C-H),
1674 (HC=0), 1583, 1558, 1456, 1195, 742. MS (ESH = 317 [M+1]. Anal. calc.
for C;7H160,S;: C, 64.55, H, 5.06. Found: C, 64.38; H, 5.20.

Synthesis of 1,5-Bis(2-benzyl alcohol)-1,5-dithiapentane (4)

In a round-bottom flask (25 mL) charged with ${0.836 g, 13.92 mmol) and water
(0.42 mL) was added and stirred to obtain homogemixture. Precursor compound
(3) (1.32 g, 4.18 mmol) was added to wet S#Dd this reaction mixture was stirred
for 10 min. NaBH (0.159 g, 4.18 mmol) as a fine powder was them adlke reaction
mixture was turned waxy within 1-2 min. and thechiibro methane (60 mL) was
added and stirred at room temperature for overnifjit mixture was filtered, washed
with dichloromethane and dried over Mg&S#&nd then the solvent was removed to give
a pale yellow oily product, which was used with@wther purification. Yield: 1.14 g
(85%) (lit. dat&: 70%, lit. dat& 85%)*H NMR (300 MHz,CDC})): 6 7.36 (d,J = 6.65
Hz, 4H, Ar-H), 7.32-7.30 (m, 4H, Ar-H), 4.71 (s, 48H,0OH) 2.99 (t,J = 7.04 Hz,
4H, SCH), 2.87 (br, 2H, OH), 1.94-1.87 (m, 2H, @H*C NMR (75 MHz, CDC)): &
140.93, 134.00, 130.05, 128.25, 128.17, 126.7435%332.86, 28.32. FT-IR (cny:
3308 (O-H), 3057-3014 (Ar-H), 2917-2870 (C-H), 159439, 1192, 1032, 745. MS
(ESI) m/z : 320 [M]. Anal. calc. for GH,40,S,: C, 63.75; H, 6.25. Found: C, 63.59;
H, 6.10.

Synthesis of 1,5-Bis(2-iodomethyl)phenyl-1,5-dithiapentane (5)

A round bottom flask which contained compouh(lL.26 g, 3.94 mmol) and Nal (3.53
g, 23.52 mmol) in dry acetonitrile (50 mL) and whiwas fitted with a condenser was
evacuated, refilled three times with argon and ected to the vacuum line. To a
solution of the corresponding alcohol, bromotrinyéthane (3.57g, 23.36 mmol) was
added with continuous stirring. The reaction migtwas stirred at room temperature
for 20 min. and monitored by thin layer chromatggry [silica gel(chloroform)]. A
mixture of dichloromethane and water [100 mL (1:®)ds added to the reaction
mixture and the organic phase was further treatdial water, saturated N&O; (20
mL) and water and then dried over MgSOhe organic phase was evaporated to
dryness under reduced pressure, yielding pale wetloystal solid. Yield: 1.95 g
(92%), mp.73-74 °C'H NMR (300 MHz, CDCJ): & 7.35 (d,J = 1.57 Hz, 2H, Ar-H),
7.29 (d,J = 1.17 Hz, 2H, Ar-H), 7.22 (dl = 1.57 Hz, 2H, Ar-H), 7.13 (d] = 1.56 Hz,
2H, Ar-H), 4.61 (s, 4H, CHI), 3.16 (t,J = 7.04 Hz, 4H, CkEB), 2.08-2.01 (m, 2H,
CH,). **C NMR (75 MHz, CDCJ): 5 138.78, 135.49, 130.16, 129.82, 128.73, 126.60,
32.32, 28.24, 4.66. FT-IR (chr 3053, 3036, 2952-2941, 1594, 1467, 1150, 1034,
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752. MS (ESI) m/z : 541.956 [M+1] 413 [M-I]', 284.9 [M-2I-2], 163.2 [M-
C;HeSh]*, 137 [M-GHgSk]". Anal. calc. for GiHisSl2: C, 37.79; H, 3.33. Found: C,
37.97: H, 3.17.

Synthesisof 7,8-dihydro-6H,14H,19H-dibenzo[bj][1,12,5,8]tetr adithiacyclopenta-
decine-16,17-dicar bonitrile (7)

A mixture of 1,5-bis(2-iodomethyl)phenyl-1,5-di-#pentane (2.7 g, 5 mmol) and 1,2-
dicyano-1,2-ethylenedithiolate disodium salt (0g9® mmol) in dry acetonitrile (170
mL) in around-bottom two necked flask was heated stirred at reflux temperature
under argon atmosphere for 24 h. The reaction wasitored by thin layer
chromatography [silica gel (chloroform:hexane) JlL.:And then allowed to cool to
room temperature. The solvent was evaporated toedsyunder reduced pressure and
the residue was solidified by stirring water (80 atlroom temperature overnight. The
brown solid was filtered and the solids washed wigtter and then dried in vacuo. The
solid was chromatographed on silica gel [(chlorofirexane)(1:1)] and recrystallized
from ethanol to give’ as a yellow crystals. Yield: 0.4 g (19%), mp.158PC.'H-
NMR (300 MHz, CDCY): 6 7.34 (d,J = 7.83 Hz, 2H, Ar-H), 7.21 (d,J = 7.43 Hz,
2H, Ar-Hs), 7.15 (t,J = 6.85 Hz, 2H, Ar-k), 7.08 (t,J = 6.85 Hz, 2H, Ar-H), 4.27 (s,
4H, Ar-CH,S, Hy), 2.97 (t,J = 7.85 Hz, 4H, Ck5, H,), 1.96-1.92 (m, 2H, C§ H,).
13C- NMR (75 MHz, CDCJ): § 136.99 (G), 134.39 (G), 132.69 (G), 130.29 (Q),
128.83 (@), 127.53 (@), 123.19 (Gy), 112.80 (Gy), 38.31 (@), 34.58 (G), 30.09
(Cy). FT-IR (cm): 3064, 3012, 2967-2920, 2208, 1588, 1469, 1426011167, 734,
663. MS (ESI) m/z: 426.57 [M] Anal. calc. for GiH1gN,S,. C, 59.15; H, 4.22; N,
6.57. Found: C, 59.06; H, 4.30; N, 6.47.

Synthesis of Magnesium porphyrazine (MgPz)

Mg powder (0.0148 g,0.616 mmol) and(bne small crystal) and 1-butanol was (5
mL) charged in a Schlenk system connected with wacdine under argon
atmosphere. The reaction mixture was refluxed ainced for 12 h till all metal was
dissolved. The suspension was cooled to room teatyrerand dicyano compoung) (
(0.426 g, 1 mmol) in dry butanol (2 mL) was added #en the mixture was further
heated at reflux temperature for 28 h. The reacti@s monitored by thin layer
chromatography [silica gel (chloroform:hexane) flL:The deep dark blue suspension
was cooled to room temperature, filtered and wastiddmethanol. The solution was
concentrated in vacuo and the residue was purfiedolumn chromatography over
silica gel [(chloroform: hexane) (1:1)] to obtairarl blue crystals. Yield: 0.10 g
(23%), mp>300 °C*H-NMR (300 MHz, CDC}+DMSO-d): § 7.42-7.40 (m, 8H, Ar-
H), 7.12-7.10 (m, 8H, Ar-H), 7.04-7.01 (m, 8H, A)H5.78-6.75 (m, 8H, Ar-H), 5.40
(s, 16H, Ar-CHS), 3.22-3.18 (m, 16H, CiS), 1.98-1.95 (m, 8H, CHL *C- NMR (75
MHz, CDCLk): 6 140.05, 134.73, 134.34, 130.32, 128.07, 127.68,751 38.82, 35.02,
28.53. FT-IR (crif): 3053, 3003, 2963-2911, 1626, 1586, 1467, 1439811291,
1209, 1034, 757. MS (ESI) m/z: 1728.16 [MAnal. calc. for G4H7,NgS;eMg. C,
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58.33; H, 4.16; N, 6.48. Found: C, 58.44; H, 4K76.59. UV-vis (CHC)): Amax (109
£): 685 (5.25), 625 (4.76), 519 (4.39), 383 (5.12).

Supporting Information

Selected crystallographic data, experimentaldblengths (A), bond angles (o) and
torsion angles (o) fo€Com.7. Calculated structural data f@om.7 and selected bond
lengths (A), bond angles (0) and torsion anglesf¢o)Com.7 and MgPz. A partial
packing diagram ofcom.7. Hydrogen bonds are shown as dashed lines. Aaparti
packing diagram viewed down the a-axis. Copiesiett, **C NMR, IR, MS spectral
data of all compounds and UV-vis data\bgPz.
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Highlights

*The convenient synthesis of substituted benzybradt from substituted aldehyde
form in green chemistry conditions.

*Synthesis of iodinated derivative of subtitutechbg alcohol with excellent yield,
short reaction time, simple work up and fairly nalohditions.

«X-ray characterization of 15-memberegh&crocycle.

*The compatibility between experimental and thaoca¢tresults of $macrocycle and
MgPz.



