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Guijju Narsimhulu School of Chemistry

16CHPHO09 University of Hyderabad
Thesis Synopsis L
Thesis supervisor: Prof. V. Baskar

SYNOPSIS

This thesis is entitled “Synthesis and Application of Organotelluroxane Macrocycles and
Clusters.” It is divided into four chapters, and a detailed description of each chapter is

given below.

Chapter 1: Introduction

The work reported in this thesis revolves around organotellurium compounds. Hence
a detailed review of organotellurium compounds, their reactivity, and product formed

from organotellurium precures are dealt with in detail in this chapter.

Chapter 2: Organotellurium Macrocycles, and Telluronium Salts

In an effort to prepare a macrocycle capped with an octahedral anion, a reaction of CI-
macrocycle [(p-MeO-CgHa)2Te(u-O)(u- PhSeO2)(pa-Cl)]2/ [{(p-OMeCsHa)2Te}o(po-
O)(u-PhsCP(Ph)O2))(a-Cl)]2 (2.1) was carried out with AgPFe in a benzene solvent.
At room temperature a macrocycle where PF4 anions were found bridging and
capping [{(p-OMe CgHa).Te}. (U-O)( p-OMe CsHaTe) (Us-PFa)(U2-PF4)]2 (2.2) was
confirmed by single crystal X-ray diffraction analysis. When this reaction is done at
high temperature it results in the formation of telluronium salt [(p-OMe CsH.)sTe]"
PF4 (2.3) and bis (p-methoxy phenyl tellurium di fluoride (R2TeF2). Further, we have
also been able to expand 12-membred [(p-MeO-CsHa)2Te(p-O)(n- PhSeO2)(us-Cl)]2,
to 16-membered [{(p-OMeCeHa)2Te}(p2-O)a(u-PhSeO2)(pU-BF4)]s (2.4)tellurium

macrocycle. Details of the structures will be discussed in this chapter.
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Chapter 3: Electrocatalytic Hydrogen Evolution Mediated by an

Organotelluroxane Macrocycle Stabilized through Secondary Interactions

The macrocycle is synthesized as the chloride abstraction from bis(p-methoxyphenyl)
tellurium dichloride (1) by silver salts AgMX4 (MX4 = BF4, and ClOy) results in

situ formed di-cationic tetraorganoditelluroxane units two such units are held together
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by two weak anions p>-MX4 bridging to create a 12-membered di-cationic
macrocycle[(p-MeO-CsHa)2Te)2(n-O)(pn2-F2BF2): 1> (3.1), [(p-MeO-CeHa)2Te)a(pi-
0)(n2-02C102)2]*" (3.2) stabilized via Te-(u2-BF4/C104), secondary interactions. The
charge is balanced by two more u-MX4 anions present above and below the plane of
the macrocycle. The same reaction at higher temperatures led to the formation of
telluronium salts R3TeX [ X=BF4 (3.3), ClO4 (3.4)] as a significant product. The BF4
anion containing macrocycle and telluronium salt was monitored with '°F NMR. The
HRMS confirmed the stability of all the compounds in the solution state.
Homogeneous electrocatalytic proton reduction is reported using organotellurium
macrocycle as electrocatalysis employed in an organic medium with the addition of

para-toluene sulfonic acid.

0,
QA o
Cu(CH3CN), MX x X“”“Te\/,§>re—x "
i et e N <P, N/
| / -CuX 20 min, heating XX "
/o-@—TIe—@-o u x/ \x _____ w L Tz \Te . / “,
¢ AgMX;  Benzene \0©/ \0 \@0/
| ONZON®
1 -AgCl
M 9 t, 3h S p

MX, = BFg (3.1), CIO, (3.2)

X
"
AN

XX

Toluene \T
Reflux, 1 h e,
\o%\@y
O\

MX, = BF, (3.3), ClOy (3.4)

Scheme 3

{0 08 08 04 02 00 02
Potential (V vs Ag/AgCI)

Figure 1: Synthetic scheme and solid-state structures of Organotellurium

macrocycle, telluronium salts and homogeneous proton reduction.
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Chapter 4: Star-shaped Te(VI)-Te(VI) Complex and an Octanuclear

Heterometallic Te2Sbes Oxocluster

The reaction of telluric acid with di-organotellurium di chloride R2TeCl, and tri-
organoantimony dichloride RsSbCl. has been carried out in binary solvent using
solvothermal synthesis method and isolated high phase purity two novel mixed valent
tellurium(V1) containing clusters TeV'[OTe'V(p-MeOCsH4)2Cl]s (R = p-MeOCgH4)
(4.1) and [Te(u2-OsShPh3)(OSbhsCl)]2 (4.2). The products have been analyzed using
standard spectroscopic and analytical methods and optical band gap measurements

discussed in this chapter.

oD S
— = (4.1)

PN Solvothermal

(ahv)eV em™y®

(ahvy' eV em™y?
(ahvyieV em’y

3.0 45 6.0

Figure 2. Tauc plot of telluric acid (red), (e) 4.1 (green), (f) 4.2 (blue)
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1. Introduction

The chapter deal with the synthetic methodologies of the starting material of the
organotellurium compound in this thesis work. the reaction of the organotellurium
compounds with various ligand systems have been dealt with to give the reader an
insight in the chemistry of organotellurium compounds. Since the work reported is
mainly deals with organotellurium compounds the introduction chapter has been
restricting to the various halide and oxides of organotellurium and their reactivity

with various ligand systems the protic ligands have been explored in detail.

Tellurium

127.6 |

5th Period and 16th G EEEEEEEEEEEETanE
eriod an roup
Odorless Metalloid, brittle, Te ============ u
Silvery white 52 EEEEEEEEEEER
10 2
[Kr]4d 5 S

Franz-Joseph Muiller von Reichenstein discovered tellurium in Sibiu, Romania, in
1783. He presumed it has bismuth or antimony. However, it turned out to be gold
telluride (AuTe)!. Miller researched the ore for three years and found neither
antimony nor bismuth. He affirmed that it contained a new element. He sent
samples to a German scientist, Martin Klaproth, in 1796, whose research results
were confirmed. Klaproth synthesized a refined sample and termed as Tellurium.
The tellurium name from the Latin word “Tellus,” which means earth. Tellurium
contains eight isotopes that are naturally available, are 13°Te, 128Te, 126Tg, 120Tg,
122Te, 123Tg, 124Te, and. 1%°Te. The most and least naturally abundant isotopes are
130Te (30%) and 2°Te (0.89 %), respectively. The NMR activity exists in the nuclei
of »°Te and ®Te. However, NMR spectroscopic studies on '?°Te (natural
abundance: 7.07 %) are more common than '2*Te due to its low natural abundance
of 0.89 %.



Table 1. List of stable natural isotopes.

Name of isotope Relative abundance
130Te 34.08
128T 31.74
126Te 18.84
125Te 7.07
124Te 4.74
122Te 2.55
1253Te 0.89
120Te 0.09

Earth's crust has between 60 and 140 parts per billion (ppb) of tellurium, which is
about as abundant as platinum. Tellurium exists in several oxidation states, such as
-2, 0, +2, +4, and +6.

rogounasae || || 1|1

Te (I) i dIRANE

Te (IV) 15! Exited state | 1} RN f}

Te (IV) 2™ Exited state | 1} NEAEIEEE

Figure la. Tellurium oxidation states

Tellurium possesses distinct physical and chemical properties that’s it useful in a

wide variety of industrial applications. It is used in the manufacturing of



semiconductors, alloys, and electroplating. it is also used in the production of solar

panels, batteries, and rubber.

1.1 Organotellurium Compounds

Wohler synthesized the first organotellurium compound, diethyl telluride, in
1840.1 Organotellurium compounds were underdeveloped for a long time (seven
decades) due to their foul odor, sensitivity to air and light?, high reactivity® and
difficulty in handling.* Another reason was a deficit of readily available
synthesizing methods and tellurium, which was also thought to be harmful to
humans.® These might be reasons for the slow evolution of organotellurium
chemistry. In spite of that, it was later discovered that only a few compounds (such
as alkyl, benzyl, and allyl tellurides) were inherently unstable, and organotellurium
compounds were found to be responsible for the foul odor. Lederer's fruitful
synthetic efforts led to many aromatic tellurium compounds between 1910 and
1920. Thereafter organotellurium chemistry developed with renowned scientists
However, still organotellurium chemistry was less explored than organosulfur and

organoselenium chemistry.

Carbon-carbon bond formation reactions, oxidation and reduction
reactions of organic compounds, and other applications based on organotellurium
compounds in the field of synthetic organic chemistry have all been reported. They
are used as reagents alongside other transition metal complexes in cross-coupling
reactions. Engman published the first review on synthetic applications of
organotellurium compounds in 1985, and Petragnani and his co-workers also
published several reviews.® In the last three decades, there has been substantial
progress made in the area of synthetic research on tellurium-based compounds.
Various organotellurium compounds have been synthesized and investigated in the
evolution of antioxidants”® and biologically crucial molecules® during this time
period. Recently reports evidence for C-F bond formation via formal reductive
elimination tellurium (IV)* and a detailed review on metal complexes using

organotellurium compounds and nanosized metal tellurides for photocatalysis,



electrocatalysis, and catalysis'! Organotellurium-based compounds are divided
into various classes based on the number of halides and organo groups connected
to tellurium, such as organotellurium trihalide (RTeCls), diorganotellurium
dihalides (R2TeCly), organotellurium mono halide (R3TeCl), diorganyl tellurides
(R2Te), diorganyl ditelluride (R,Tez) and organotelluronium salts (RzR TeX).*?

1.2 Preparation of organotellurium compounds

The efficient and high-yield organotellurium preparation can be achieved by using
TeCls as starting material. Te powder is also used as starting material in a few
methods. This section describes a few important preparative methods for the

synthesis of organotellurium compounds.
1.2.1 Diorganotellurium dichloride (R,TeCly)

Tellurium tetrachloride as electrophilic reagents form organotellurium trichlorides
(at room temperature to 60 °C) and organotellurium dichloride!® (1) at an elevated
temperature of 160 °C when it reacts with an excess of aromatic compounds
containing activating groups (e.g., RO-, ROMe-, R2N-, RS-: R = aromatic group).
It is a solvent-free method, and after the reaction solution was allowed to solidify/
the remaining aromatic compounds which can be separated using a high vacuum.
In the case of less reactive aromatic compounds such as benzene and toluene, high
temperatures and a Lewis acidic catalyst (AlCIs) are required.

OR TeCl3
(IZI
. 145 - 160 °C
TeCl, + 60-80°C_ —>Ro—©—Te—Q—OR+ Hel (1)
Cl
OR
Scheme 1.1

The cleavage of Sn-C (2) and Pb-C (3) facilitates the formation of

diorganotellurium di chloride when tetraphenyl tin and tetraphenyl led are reacted



with tellurium tetrachloride in aromatic solvents such as benzene and toluene at

high or ambient temperatures respectively.'4

(CGH5)4Pb + TeC|4 > (C6H5)2TeC|2 + (CGH5)2PbC|2 (2)
Room temp

M» CeH5TeCly + (CgHs)35nCl

(CgHs)sSn + TeCly @)

——®»(C:H:),Te Cl CgH Cl
High temp (CeHs)2 2 + (CgHs)2 2

Scheme 1.2

Also, using organometallic reagents such as RHgCIl, RMgX, RN2"CI", or RLi in
combination with Te powder or TeCls, diorganotellurium dihalides have been
synthesized. However, the disadvantage of these methods is due to low yields and
the formation of other by-products, such as diorganyl tellurides, diorganyl
ditellurides, or organotellurium trihalides.'® The reduction of diorganotellurium di
chloride gives the diorganotellurides which further on halogenation can be used to
prepare heavier di halides (R.TeXz X = Br, 1). Because tetrabromide and
tetraiodide do not readily participate in condensation reactions, tellurium
tetrachloride is always desired as a starting precursor.

Structural details:

In its solid-state structure, PhoTeCl, has one
Te...Cl interaction, resulting in a distorted
octahedral geometry around Te with the
sixth position vacant. The asymmetric loan
pair in the equatorial position of dimethyl di

chloride also shows a distorted-trigonal

bipyramid, C—Te---Cl segment of the

Figure.1.1 Solid state Molecular  crystal suggesting a donor-acceptor type
structure of Ph,TeCl, molecular.



interaction for intramolecular bonding in (CH3)TeClz. Para substituted phenyl

tellurium dichloride structure is different from those of (p-MeCesHa)2TeCl>and (p-
MeOC¢H4)2TeCl the details of given below.

The structure of (p-MeCsHa)2TeCl; is
distorted pentagonal bipyramidal, with
two primary Cl atoms occupying axial
positions. R:TeCl. (R= alky, aryl)
solid state molecule structures have
distorted trigonal-bipyramidal

geometry, with chlorine atoms
occupying axial places and a stereo
chemically active lone pair, and two
carbon atoms filling lateral positions.

However, when secondary Te...Cl

Clt Q@ C12

I CIAP/ =9 .
§ Te2
/y/ \%\

r
Figure 1.2. Solid state Molecular structure of
R.TeCl, Distorted trigonal-bi pyramidal
geometry around Te

interactions are taken into account, the geometries around Te change depending on

the steric challenge of the organic substituent present on Te.'® These diorganyl

tellurium dihalide compounds, which include a tetrazole unit, operate as a

corrosion inhibitor and protect metal surfaces from moisture corrosion.!2

Figure 1.3. Solid state Molecular structure of
R.TeF; Trigonal bi pyramid.

The interactions between tellurium
and fluorine are weak due to the long
The

geometry is

tellurium atom's

distorted

contact.
trigonal
bipyramidal. Here fluorine atoms are
in the axial position with a bond
angle of 173° and two phenyl rings
in the equatorial positions and a

bond angle is 96.9° This is due to the repulsion of phenyl rings by loan pair of

tellurium.

1.2.2 Organotellurium trichlorides RTeCl;



In Scheme 1, the aromatics (activated) react with tellurium tetrachloride in a 1:1
mole ratio, resulting in the formation of organotellurium trichloride. But less
reactive aromatic compounds will not produce the desired products using this
method. Tellurium tetrachloride reacts with aryl mercury chlorides to form aryl
tellurium trichlorides in this case.!” In nitromethane reflux, aryl boronic acids were
treated with tellurium tetrachloride to produce aryl tellurium trichlorides.'® A
solventless reaction for the preparation of aryl tellurium trichlorides has been
reported by treating tellurium tetrachloride with the corresponding activated

aromatic compound.*®

Dioxane
R-HgCl + TeCly V. RTeCl; + HgCl, (4)
Reflux
Nitromathane (5)
RB(OH), + TeCl, V. RTeClj
Reflux
Scheme 1.3

The majority of diorganoditellurides (R2Te2) and diorganotellurides (R.Te) are
made by reducing tri organotellurium chloride and di organotellurium tellurium di
chloride, respectively.? some other methods are also employed for the synthesis

of diorganoditellurides in quantitative yields.?° (as shown in scheme 4)

K,S,05/Na,S/NaBH, R
RTeCl, - Te—Te (6)
H,O/ethanol R’

Reducing agent
R,TeCly > R=Te—R (7)
H,0/aq.NaOH

Scheme 1.4



By breaking the Te-Te bond of diaryl tellurides in refluxing toluene with freshly

prepared electrolytic copper, diorganotellurides can be synthesized at good yields.

Reducing agent
R,TeCl, » R—Te—R (8)
H,O/aq NaOH

Cupper powder
R—Te—Te—R » R—Te—R (9)
Toluene, Reflux

Scheme 1.5

1.2.3 Diorganotellurium oxide structural aspects and diorgano

tellurones

The aqueous solution of NaOH (2N or 5%) is used for the hydrolysis of
diorganotellurium dihalide to get diorganotellurium oxide. To improve the

solubility of the reaction mixture small amount of ethanol is used.?

aq NaOH, Ethanol
R2Te C|2 > R2TeO (10)
Reflux
Scheme 1.6

Based on the aryl group attached

to the Te, diorganotellurium

Te2 o1 o oxides R.TeO (R= aryl) form
- \/é? different structural patterns in

_ Tet solid state. Ph,TeO's solid state

structure is that of a dimer, which

consists of two monomers

connected through short Te...O
Figure 1.4. Solid state Molecular structure of

diphenyl tellurium oxide links (average Te-O 2.55(1)) that

are then connected through longer



Te...O bonds (average Te-O 3.77(1)). Each Te atom achieves a distorted square-
pyramidal geometry by taking into consideration all of these secondary Te...O
interactions (Figure 1d). Contrary to this structure, (p-MeOCe¢H4) TeO is a
polymeric chain with a Te-O backbone that is zigzag-shaped and devoid of Te...O
secondary contacts (Figure 1.4). Te achieves a distorted trigonal-bipyramidal shape
with two O atoms occupying axial places by accounting for stereochemically active

lone pairs.?
Diorgano tellurones (R2TeO>):

Using sodium periodate or sodium hypochlorite as an oxidant, diorgano
telluroxides or diorgano tellurides can be oxidized to produce diorgano tellurones.
The corresponding diorgano tellurone was produced in excellent yields by treating
a solution of telluride or telluroxide in ethanol with an aqueous solution of sodium

periodate or sodium hypochlorite at room temperature.?

aqg. NalO,/ NaOCI

R,Te/R,Te O, LS. R,Te0, (11)
/ at room temp

Scheme 1.7

1.3. Reactions of Diorganotellurium dihalide

1.3.1 Reactions of Diorganotellurium dihalide with Etdtc, Etdtp

10



Dakternieks et al. published their findings in 1988, the
reaction of CgHgTel> with the sodium salt of ethelene bis
dithiocarbanate (Etdtc), dithiophosphate (Etdtp), and
dithioxanthate (Etxan)/treated in dichloromethane at
room temperature produced CgHgTe(S2COEL)2,
CsHsTe[S2P(OEt:]2 and CsHsTe(S.CNELy)
respectively.?* They demonstrated that whereas
dithiophosphate and dithioxanthate complexes contain

Figure 1.5. Solid state

Molecular structure of  extra Te-S interactions and form polymeric and dimeric

CsHsTe(S2COEt,),. . .
structures, reSpeCUVGIy, In

dithiocarbamate complex are monomeric. They
confirmed that all of these complexes' solid-state
structures were retained in solution as well with the aid
of solution *»Te NMR. ?* Dakternieks et al. reported that
Ph,TeCl; treated in toluene at -40C with sodium salts of
dithiocarbamate (Etdtc), dithiophosphate (Etdtp), and
dithioxanthate (Etxan), resulting in PhoTe(S2CNEty)2,
Ph2Te[S2P(OEt)z]2, and Ph2Te(S2COEt)2,
respectively. (Figur) These complexes were found to be
unstable in dichloromethane and decomposed to Ph2Te
and (Etdtc)2/(Etdtp)2/(Etxan)2.2°

the solid state, the

Figure 1.6. Solid state
molecular structure of
Ph2Te(52CNEt2)z.

1.3.2 Reaction of diorganotellurium di halide with carboxylates

Petragnani et al. reported diorganotellurium dihalides reacting with silver

carboxylate in refluxing benzene, leading to the production of diorganotellurium

carboxylates (scheme 12).%8 In order to create these compounds, diorganotellurium

dihalides were also put through an anion exchange resin that had previously had

its ions replaced with carboxylate ions.

Benzene

RoTeCl, + 2R COAg ————  ym RyTe(0,CR), + 2AgCl (12)

11



Scheme 1.8

The reactions of acyclic/cyclic tellurium dihalides with freshly prepared silver
carboxylates to yield corresponding tellurium dicarboxylates as reported by

Srivastava and co-workers.?’

The reactivity of diorganotellurium dichloride with ferrocene dicarboxylic acid
was reported by Chandrasekhar et al., resulting in the formation of a 16-membered
tellurium-containing macrocycle (Scheme 9). Two quasi-reversible single-electron
oxidations of tellurium ferrocene carboxylate macrocycle were observed. The Ei
value is 0.88 V, and the author proposes that this compound belongs to a class

between class | (no coupling) and class Il (weakly coupled) systems.?

COOH coo
Benzene
R,TeCl, + 2 Fe 3y [{(p-MeOCgHy)aTe(L)}2] L= Fe (13)
| EtaN |
&L —cooH LD —coo”
Scheme 1.9
b
6.0x10° -
0.0
_ Fe2 S
-6.0x10°
1.2x10° T - T T T
1.2 08 0.4
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Figure 1.7. (a) Solid state molecular structure of [RoTeL].; R=(4-CH30-CgHa), LH>=1,1'-
ferrocene dicarboxylic acid and (b). cyclic voltammogram

Puddephatt et al. reported the oxidative

addition of Ph,TeCl, to form a
dimethylplatinum(Il) complex. It is well i o

known that telluro ethers and &3

dialkyl/diaryl tellurides can form Te-
fj F68
metal bonds with a variety of transition F6  Fo7

metal atoms. However, this was the first

instance to show the tellurium-halide

bond being added oxidatively to a Figure 1.8. solid state molecular structure of
N _ [PtCIMe,(TePh,Cl) (buzbpy)]
transition metal complex, despite

previous reports of oxidative addition of Te-C/Te-M (M= Si, Ge, Sn).? In a typical
experiment, a 1:1 mole ratio reaction of PhoTeCl. with [PtMe2(buzbpy)] in water
is performed. At room temperature, dichloromethane gave rise to
[PtCIMe2(TePh2Cl)(buz2bpy)]. The trans-oxidative addition of the Te-Cl bond to

the platinum(11) complex produced the product.®

1.3.3 Reaction of diorganotellurium chloride with protic acid

Chandrashekar et al reported several articles with organotellurium oxide/dihalide
with various ligand systems discussion given below. The formation of chloride
capped 12- membered Te-containing [((p-
MeOCesH4) Te)2(u-O)(1-CyclPO2(usa-Ch]2

macrocycle by reacting with protic cyclic
phosphinic acid with para (methoxy phenyl)
tellurium di chloride in the presence of EtzN.

This was the first report of an inorganic

tellurium-containing macrocycle that could
Figure 1.9. Solid state molecular

act as a host for halide ions, even though structure of Frist tellurium macrocycle

13



transition metal-containing macrocyclic
hosts for halides had previously been
described Via Te halide interactions, this
macrocycle stabilized the halide ions, and

using ESI-MS, they asserted that these

secondary contacts also existed in solution®.
Figure 1.10. Solid state molecular  the reaction of organotellurium oxide/halide

structure of trigonal prismatic core of

[((p-MeOCsHa)2Te)e(t-BuSi)sO1s], P-  with ferrocene carboxylic acid (FCCOOH,
methoxy phenyl, hydrogen atoms

itted for clari .
omitted for clarity Fc = CsHs-Fe-CsHs) in the presence of

(triethylamine in case of R.TeCl,) toluene/benzene formed organotellurium
ferrocene carboxylate [(4-OMePh),Te(O2CFc).]/[(4-NMe2-Ph),- Te(O.CFc)2]3,
subsequently carried out transmetallation of Ar' HgCl and ArTeCls synthesized
unsymmetrical diorganotellurium (1V) dihalide Ar! (Ar)TeCl; [Ar! = 2-(R-CH=N-
CeHsMe; R = 1-pyrenyl, 9-anthracenyl and 9-phenanthrene; Ar = 4-MeO-CsHa, 1-
CioH7, 2,4,6-Mes-CsH2, CeHs, 4-Me-CeHa] they studied fluorescent properties of
this compounds.®X In a 4:6 ratio, silanetriol t-BuSi(OH)3 was combined with (p-
Me2NCsH4)2TeO to create [((p-Me2NCsHa)2Te)s (t-BuSiOsz)s], it has a tetrahedron
cage structure. with silicon atoms occupying the tetrahedron's vertices. Each pair
of silicon atoms is linked together by an R2TeO: pattern. The six O-Te-O bridges
occupy the tetrahedron's edges. whereas the reaction of tetrahydroxy-1,3-
disiloxane, [t-BuSi(OH)2], in a 3:6 ratio with (p-MeOCgH4).TeO produced [((p-
MeOCeH4)2Te)s(t-BuSi)eO1s]. This is a prismatic trigonal cage. The latter is made
up of two Te3Si30¢ rings that are linked together by 3 Si-O-Si connections. The

molecular structure of [((p-MeOCsHa4)2Te)s(t-BuSi)sO1s]is similar to the secondary

14



Figure 1.11. Solid state molecular
structure of penta nuclear [(RTe)4(TeO)(u~
O)s(cycPO2)2] macrocycle.

architecture framework seen in zeolites
such as faujasite.3'® Same group in 2014
Cyclic phosphinic acid (cyc P(O)(OH))
and diphenyl phosphinic acid (C6H11)
were each individually reacted with
mono-organotellurium trichloride
RTeCI3 (R = 2-phenyl - azo phenyl) to

produce two pentanuclear complexes.3*f

1.3.4 Reaction of diorganotellurium chloride with organo selenic acid

Figure 1.12. Molecular structure of NO3
capped Te-macrocycle

Our group was involved in the preparation
of the organotellurium  tellurium
macrocycle with benzene seleninic acid,
which formed a 12-membered inorganic
macrocycle composed of two
tetraorganotelluroxane moieties
assembled. dicationic TesSezx04
macrocyclic core stabilized with Te---X
(X = spherical anions Cl, Br, and 1) with
two seleninate Following that, the anion

exhibits an exchange reaction of the 12-

membered macrocycle with various anions exhibiting variable geometry around
the central atom with Te---O and Te---F (NOs), (ClO4, BF4) interaction give

stability.3?
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1.3.5 Hydrolysis of diorganotellurium dichloride

Andrew Docker et. al recently came up with novel telluroxanes, synthesized by
hydrolyzing 3,5-bistrifluoromethylphenyl (Ar) substituents containing diaryl
tellurium dihalides (Ar.TeXz, where X = Cl, Br). Whenever there is a halide
templating agent results in the spontaneous formation of a molecular ArisTegOeX4
cluster (Fig. 1). The clusters are composed of a TegOeX4 core, stabilized by Te--X
(X = CI, Br) Tellurium-anion interactions and characterized by a variety of
spectroscopic techniques and X-ray diffraction structural analyses. These
Organotelluroxane clusters exist as discrete molecular clusters and have high
organic solvents solubility and also chemical stability. In addition, the author
claims that fluorescence studies show that organo telluroxanes clusters display
aggregation-induced emission (AIE) behavior in organic aqueous solvent

combinations. 23

; \
Te CF3 NH4X(aq) \ Ar"Te—O/Te O—Te/ (14)
: Te_/ 4 N\
Hydrolysis A \ O OTep / Ar

Scheme 1.10
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Figure 1.13. Solid state molecular structure of ArisTesOsX4 (left) and its core structure (right)

1.3.6 Hydrolysis of diorganotellurium iodide/oxidation
organotellurium (I1) compounds.

Tellurium: O

Oxygen :

lodine : ‘

Figure 1.14. Solid state molecular structure of [{(PhTe)19024}211¢], phenyl rings on tellurium
atom and all hydrogen atoms are omitted for clarity.

The controlled hydrolysis of (PhTels)2 produced phenyl telluroxane clusters or this
organotelluroxane cluster can be achieved by the hydrolytic oxidation of different

17



phenyl tellurium (I1) compounds in the presence of iodine. This organotelluroxane
clusters architecture is made of two half spheres with a formula of {(PhTe)10024}°*
these two halves are connected by 18 iodine atoms and the whole structure can
accommodate methanol, pyridine solvents. Previously, H.B. Singh and colleagues
produced organotelluroxane clusters employing mixed-vallent phenyl tellurenyl

bromide bromide.3%
1.3.7 Reaction of p-(methoxy phenyl) tellurium oxide

Kobayashi and Furukawa et al. reported that
in dry CH2Cl/CHsCN at -40°C in an Argon
environment for 30 minutes, one equivalent
of NOBFs was added to bis(4-methyl
phenyl) telluride to form the quantitative
yield of bis[bis(4-methyl

06 %

phenyl)tellurium(iv)] oxide
bis(tetrafluoroborate).3* The reaction of (p-
MeOCgHa4),TeO with triflic acid and
phosphinic acid produces

Figure 1.15. solid state molecular tetraorganoditelluroxane(FsCSO3)R.Te
structure of [(p-
MeOCsHa),TeOSN(tBu,)CO3] and OTe R2(03SCF3) (Ph2PO2)R2Te and
OTe R2(O2PPhy):Ph,PO2H respectively.®
Beckmann et al. reported that organotellurium oxide and organotin worked
together to fix CO,. They discovered that a 1:1 solution of p-(methoxy phenyl)
tellurium oxide and di-tert-butyl tin oxide readily absorbs carbon dioxide to form
[(p-MeOCsHa4)2TeOSNn(tBu2)COs]. (Figure 1.13) At room temperature, air-stable
crystalline material forms in 15 minutes and is crystalline material forms in 15
minutes and is when the solution is purged with too much carbon dioxide, a
virtually quantitative yield is obtained. two secondary Te---O bonds within a single
molecule are observed for tellurium atoms in tellurastannoxane, which involve the
carbonate moiety's O4 and molecular structure identified by 2°Sn and **Te NMR

studies.3®
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2CO, 1
2 (p-MeOCgH,),TeO) + 2/3 (BupSn0); ———— 3= [{(p-MeOCgH,),Te OSn(tBu),COz)  (15)

Scheme 1.11
1.4 Tri-organo telluronium salts

RsTeX, or organo telluronium salts, have been known
for over a century. Telluronium salts have sparked
considerable interest in recent years due to their role
in organic synthetic chemistry. Telluronium salts are
two types unsymmetrical telluronium salts and
symmetrical telluronium salts, which are starting
materials for telluronium ylides, can combine with
carbonyl compounds to produce a variety of

substances, including oxiranes and secondary

4

Re;

Figure 1.16. solid state
molecular structure of
Triphenyl telluronium
chloride salt

T
by
N,
A

//
]

alcohols.®” Ronald.F. Ziolo et. al reported the first triphenyl telluronium chloride

(CeHs)3TeCl.®8 In the solid state, triphenyl telluronium chloride is predominantly

ionic.

Figure 1.17. solid state molecular structure of
Triphenyl telluronium chloride salt

Recently, Gabbai et al. developed
novel method for the design of
polyfunctional lewis acids by using
heavier tellurium ion as lewis acidic
sites, with a combination of a boryl
moiety.it is capable because of its
electropositive, polarizability, and
size of the tellurium atom. this

bidentate lewis acid telluronium

centers show a strong affinity towards fluorine interactions in methanol (Figure

1.15).%9
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subsequently the same group described the

oxidative methylation to diorganotellurides as a

strategy to develop telluronium cations of BF4™ salt
ﬁ e B which has ability to transport chloride anion in
phospholipid bilayers (Figure 1.17 ). 4°

Me B
Mel/AgBF
Me Me 95 Me

1':*‘ Me
CH,Cl : (16)
-Te —>2 2 Teﬁ
Me/@ ﬁ)\Me Me Me

Me Me’ Ve Me

Figure 1.18. solid state molecular structure of Triphenyl telluronium chloride salt and
Scheme 1.12

Also, 8-lithio-quinoline reacts with tellurium tetrachloride to form tri(8-quinlinyl)

tellurium chloride salt. The bond distance between tellurium and palladium is 2.92,

which is more than their covalent radii (2.56-2.77), and the geometry of this

complex is a seesaw. this type of telluronium ion complexes can act as sigma
acceptors or Z-type ligands with transition metals. +*

oh s Gabbai pioneering work on this

E&‘:;” telluronium  (salt) ion, structural

6 N - _Bzm behavior and its applications have

F discussed above. Recently in 2022 they

reported that the reaction of 2,7-di-tert-

butyl-9,9-dimethylxanthene-4,5-

diboronic  acid with difluoride

phenoxatellurine and BF3OEt, for the

formation of bis telluronium salt of BF4

Figure 1.19. solid state molecular structure
of Triphenyl telluronium chloride salt

as a di-cation for anion binding site via
secondary interactions. This
telluronium di-cation with tetrafluoroborate salt shows a potential application as
Lewis acidic site in polydentate chalcogen bond donor construct.*?
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1.5 H. B Singh’s work

In the realm of organotellurium chemistry H. B. Singh did pioneering work. in the
field of organotellurium derivatives and chalcogenoaza macrocycle. *® and
selenium/tellurium containing Schiff-base macrocycle.** Recent work from this
group is the preparation of different types of tetraorganotellronic acids by oxidation
of  unsymmetrical  diorganotellurides® and  The interaction  of
diorganoiodotelluronium (V) cation [(ppysTe)]ls with silver perchlorate and silver
triflate produced [(ppysTe)].2Cl04 and [(ppysTe)].20Tf, respectively.*®

= ; N
=N,
AgCIO,4 (excess) Tr 2CIO4
Acetonitrile
7z \ i e N
() 0 4 (
N N~ ;\1 B |
e 215, CH,Cly el
| = B s
[ N
T W L =N
AgOTTf (excess) \ L
Acetonitrile Te' 20T
Tf=0,SCF;
N
\_/
Scheme 1.13
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Figure 1.20. Solid state molecular structure of [RR’Te(u-O) (OH),]. (left) and [(ppysTe)].20Tf
(right)

1.6 Telluric acid reactions

In 1988 Dakternieks et. al reported the hydrolysis of CgHsTe[S.P(OCH2CH?3)2]2
formed under modest conditions. The compound organotellurium
Te[OTe(CsHsg)(S2P(O CH2CHz3)2)]s which contain containing both tellurium (I1V)
and (V1) first molecule mer-[(BuzSnO)sTe- (OH)z] was synthesized by reacting of
telluric acid with three equivalents of BusSnOMe in good yields. The *Te NMR
spectrum (CDCIz) of confirms the structural integrity in solution, and shows a
signal at § 721.5 with two 2 J(*?*Te-0-119Sn) couplings of 501 and 432 Hz. Using
this product further synthesis continued treated with two times of (Ph.SnOH).CH>
by eliminating one equivalent of tributyltin hydroxide (BusSnOH) and water
molecule it formed the spirocyclic tellurastannoxane derivative trans-
[(BuzSnO)2{CH2(Ph,Sn0),}.Te reported by the Dakternieks et. al.*’

OSnBuj Ph I'Dh OSnBu3Ph\ Ph
3 BusSnOMe + To(OH) BusSNOy,, | wOH 2 (Ph;SnOH),CH;  Sn—0,, | O0—Sr o)
uzSnOMe + Te(OH)g ———— = Te! o
- MeOH Ho™™ |\OH -30SnBug 0" I\O—Sn\
OSnBu; -H0 /\ OsnBu; _| “Ph
Ph Ph Ph
Scheme 1.13
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Figure 1.20. Solid state molecular structure of mixed valent Tellurium and chem-
draw structure

Sn2
03 Sn3
o1
Sn1
02 Te1 02
Sn1
01
sn3 03
Sn2

Figure 1.21. molecular structure of -[(BusSnO).{CH2(Ph2Sn0O).}.Te and its core structure
phenyl rings and alkyl groups omitted for clarity.

Domasevitch et. al reported molecular structure that contained six Te-O-Sbh

bridges.*® each antimony containing to three phenyls group along with oxygens

which are the bonded to tellurium. HeTeOe reacts hydrothermally with Th(NO3)a,
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xH20, and V20s at 200 °C under pressure to form the pure phase

(VOz)z(TeOG)(H20)2.49

Thesis over view

The thesis work mainly focuses on the synthesis of a novel organotellurium Te(IV)
based macrocycles, demonstrated inorganic ring expansion 12 to 16 membered
organotellurium macrocycle, telluronium salts, where stabilized by secondary

interactions and also synthesized tellurate cluster’s.

Octahedral PFe” anion converting into PF4 anion insitu and acting as bridging and
capping anions in between two ditelluroxane units for the formations of 12-
membered macrocycle. Also, we demonstrated inorganic ring expansion of a 12-
membered chloro-capped macrocycle to 16-membered BF4™ capping macrocycle

for the first time in the chapter 2.

In the chapter 3, we have demonstrated that an organotelluroxane macrocycle
acting as active site towards HER activity. One of the compound is the first
organotellurium containing catalyst for electrochemical hydrogen evolution.
Plausible mechanism has been proposed for proton reduction based on the Linear
Sweep Voltammetry (LSV) plots which shows two pre-waves corresponding to
two successive reductions. Various techniques including CV, LSV, bulk

electrolysis have been employed in the hydrogen evolution process.

we synthesized high phase purity two novel mixed valent containing main group
metal organotellurium and organoantimony with tellurates forming clusters by in
non-aqueous medium by using organic binary solvent solvothermal method

discussed in the chapter 4.
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Chapter 2
Organotelluroxane Macrocycles and Telluronium salt

Abstract:

Anion exchange reaction of Cl-capped seleninate bridging tellurium twelve-
membered macrocycle [(p-MeO-CeHa)2Te(u-O)(p- PhSeO2)(ps-Cl)]2 with silver salt
of hexafluorophosphate was investigate a rare unusual pseudo tetrahedral anion (PF4
) replaced the bridging seleninate anion for the formation of 12-membered
telluroxane dicationic macrocyclic core. Further the macrocycle was stabilized by
two more PF4 anions capping both sides of the a dicationic macrocycle with [{(p-
OMe CgHa)2Te}2 (u-O)( p-OMe CeHaTe) (U-PF4)(U-PF4)]2 (2.2) with several in situ
Te-F bonds formation. At high-temperature, the same reaction produces tri (p-
methoxy phenyl) telluronium PFs salt [(p-OMe CeHa)sTe]™ PF4 and bis (para
methoxy phenyl tellurium di fluoride(R2TeF2). Similar products are isolated with
[{(p-OMeCgHa)2Te}2(u2-0)(1-PhsCP(Ph)O2)) (s-Cl)]2. The 12-membered
macrocycle [(p-MeO-CsHa)2Te(u-O)(n- PhSeO2)(us-Cl)]2  was treated with silver
salts in a 1:1:1 ratio isolated 16-membered macrocycle[{(p-OMeCe¢Has)2Te} (M2-
0)4(u-PhSe0,)(u-BF4)]a. The obtained results are explained in detail.

31




Chapter2

2.1 Introduction

For several decades, macrocycles have been a central topic in both synthetic
and materials chemistry, for their numerous applications in host-guest chemistry?,
such as gas storage?, the modeling of biological systems® and using macrocycles as
counter-anion trapping for improving conductivity.* In the last three decades, there has
been a growing interest in the area of organo tellurium (IV, I1) based chemistry,
diorganotellurium/oxide/halides has this ability to form macrocycles®, by reacting with
various protic acids® which results in the isolation of new telluroxane frameworks. The
potential of the telluraxane moieties is trapping the anions with secondary interaction
demonstrating Beckmann et. al by treating organotellurium in atmosphere of the CO»
was reacted with organo tin at room temperature.” Reactivity of diorganotellurium
dihalides with benzene seleninic acid, resulted in 12 membered macrocycles [(p-MeO-
CeHa4)2Te(u-O)(u- PhSeO2)(us-X)]2 [X = Cl, Br, I ] where the spherical halogen atoms,
which are stabilized by Te---X interactions, cap the macrocycles on both sides.®
Further anion exchange reaction of chloro-macrocycle [((p-MeO-C sHa)2Te)2(u-O)(p-
PhSeO2)(ns-Cl)]2 by reacting them with  AgNOs, AgClOs, and AgBF4 for targeted
macrocycles such chloro cap replaced by the higher anions, which has varying
geometries the trigonal planner (NOgz’), tetrahedral ClO4, BF4 structures. Single
crystal X-ray diffraction studies confirmed 12-membered macrocycles [{(p-
OMeCgHa)2Te}2(u-0)(u-PhSe02)(1a-X, 12, [X = NOs, ClO4, BF4].% In continuation of
the work we wanted to replace chloride cap of CI- macrocycle [((p-MeO-
CeH4)2Te)2(u-O)(u-PhSeO2)(us-Cl)]2 by higher symmetrical geometry octahedral
anions like silver salts of PFes, SbFe, and to synthesis mixed anion capped

macrocycles. The results obtained are discussed in this chapter.
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2.2 Experimental section

2.2.1 Reagents and general procedures:

Tellurium tetrachloride and silver salts were purchased from Sigma-Aldrich Ltd., and
the previously mentioned procedure was utilized to synthesize bis-(p-methoxyphenyl)
tellurium dichloride and trityl phenyl phosphinic acid.® Solvents and other chemicals

were purified in line with standard procedures.
2.2.2 Instrumentation:

Rigaku Oxford Xta- Lab synergistic diffractometer with graphite monochromator and
a Mo K (=0.71073 A) microfocus sealed tube operated at 50 kV and 1mA acquired
single crystal X-ray data at 100K. The data was solved and refined using OLEX
software 2-1.2.° NMR spectra for *H, *3C, 3P, 1°F, and '**Te were obtained using
Bruker AVANCE 111 400 and 500 equipment. Infrared spectra were recorded with a
NICOLET Is5 FTIR spectrometer. CCDC (xxxxx,xxxx) for 2.1 to 2.4, Contains the
supplementary crystallographic data for this paper. These can be obtained free of
charge from the Cambridge crystallographic data center via www.ccdc.cam.ac.
Uk/data-request/cif.
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2.2.3 Synthetic procedure for 2.1

Trityl phenyl phosphinic acid was taken in 15 ml of dry toluene and triethylamine was
added and kept for stirring until it forms a lucid solution. To this bis-(p-
methoxyphenyl) tellurium dichloride (R2TeCl.) was added, and the reaction mixture
was then left to stir at room temperature for 12 hours. The turbid reaction mixture was
filtered, and the filtrate was saved for crystallization. Block-like colorless crystals
were obtained in after 4 days’ time by slow evaporation and while as well as in

diffusion of hexane into toluene solution.
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2.2.4 General synthetic procedure for compounds 2.2 and 2.3

These products can be achieved following three methods, first method as follows.
Silver hexafluoro phosphate was added to a 100 ml round bottom flask, which was
covered with aluminum foil to protect it from light sensitivity, and the round bottom
was closed with rubber cork. To this was injected, 30 ml of dry benzene of 12-
membered macrocycle (2) solution. After 6 hours of stirring at room temperature the
solution was, filtered and the filtrate was kept for crystallization in diffusion hexane
into the mother solvent. Block-like brown color crystals formed after two weeks. In
the second method 30 ml of dry toluene of 2.1 macrocycle solution added to Silver
hexafluoro phosphate, similar procedure to first method. In the third method the
procedure as follows. R2TeCl, (1) dissolved in benzene to this silver salt of
hexafluoro phosphate added, stirred for 6 hours workup followed as above. At high

temperature (90 °C) all these three methods end with telluronium salts product.
2.2.5 Synthetic procedure for 2.4

12- membered macrocycles (2) were taken with silver tetrafluoroborate and silver
nitrate, in the equal molar ratio in 40 ml of benzene in a 100 ml round bottom flask.
The reaction mixture was stirred overnight, after filtration filtrate kept evaporation at

room temperature for crystallization, gave small block-like single crystals in two

weeks’ time.
\
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[{(p-OMeCsH4)2Te}2(2-O) (u-PhsCP(Ph)O2))(us-Cl)]2 (2.1):

Bis-(p-methoxy phenyl) Tellurium dichloride (p-OMe-CsHs)2TeClz (0.20 g, 0.49
mmol), Trityl phenyl phosphinic acid (0.19 g, 0.49 mmol), yield: 0.25g (91%) based
on Bis-(p-methoxy phenyl) Tellurium dichloride. MP: 256-258 °C.
C106H96C12014P2Tes (2237): *H NMR (500 MHz, CDCls, ppm): & 8.01 (d), § 7.42 (m),
5 7.28 (m), § 7.21 (m), 8 7.19 (M), § 7.18 (m) & 7.06 (m), & 3.88 (s). 3C NMR (125
MHz, CDCls, ppm): & 162.26, 6 161.91, 6142.52, & 135.16, 6131.43, & 131.39,
129.05, § 128.25, § 127.7, 8 126.61, 125.32, § 115.07, §55.58. 3P NMR (158 MHz
CDCls, ppm ) & 37.0 (S): **Te NMR (126 MHz CDCls, ppm): & 1018 (S); IR: 2834
(W), 2493 (m), 1582 (s), 1489 (s), 1459 (s), 1290 (m), 1253 (s), 1173 (s), 1250.5 (5),
1176.2 (m), 1104 (s), 1025 (s), 952 (s), 930 (s), 877 (m), 825 (m), 809 (m), 746 (S),
695 (s), 628 (m), 589 (s), 548 (m), 514 (s), 498 (s), 473(m), 445 (m), 420 ().

[{(p-OMe CeHa)2Te}2 (u-O)( p-OMe CsH4aTe) (u-PF4)(u-PF4)]2 (2.2):

Cl-macrocycle [((p-MeO-CeHa)2Te)2(u-O)(pu-PhSeO2)(ws-Ch)]2, (2), (0.17 g; 0.0920
mmol), silver hexafluorophosphate (0.046 g; 0.1841 mmol), or (2.5), yield: (40 %)
based on CI- macrocycle/. MP: 200-202 °C. *H NMR (500 MHz, CDCls, ppm): § 7.90
(d), 6 7.06 (d), 5§ 3.84 (s). *C NMR (125 MHz, CDCls, ppm): & 162.30, & 131.52, §
129.19, 5 127.73, 8 127.56, 5 115.45, & 55.43; °F NMR (471.6 MHz, CDCls, ppm) &
-72,-109.18, & -127.03.; 3P NMR (158 MHz, CDCls, ppm) & -143. (q); ***Te NMR
(126 MHz CDCl3, ppm): & 1147 (t, J = 572 Hz); IR 2022 (m), 1946 (m), 1582 (m),
1489 (m), 1293 (m), 1248 (s), 1175 (m), 1020 (m), 821 (m), 742 (m), 640 (w), 548 (m),
512 (m), 491 (m), 452 (m), 440 (m).

[(p-OMe CeHa)3Te]* PF4 and (p-OMe CeHa)2TeF2 (2.3):

Cl-macrocycle [((p-MeO-CeHa)2Te)2(u-O)(n-PhSeO2)(us-Ch]2, (2), (0.17 g; 0.0920
mmol), silver hexafluorophosphate (0.046 g; 0.1841 mmol), or (2.3), mixture
compounds yield: (45 %) based on CI- macrocycle/. MP: 182-184 °C. *H NMR (500
MHz, CDCls, ppm): & 7.90 (d), § 7.07(d), & 3.85 (s). 13C NMR (125 MHz, CDCls,
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ppm): § 162.51, 8 133.02, § 129.19, § 128.21, § 115.51, § 55.29; F NMR (471.6 MHz,

CDCls, ppm) & -146.2; (s); Hz);

[{(p-OMeCsHa)2Te} (H2-O)a(u-PhSeO2)(u-BF4)]4 (2.4):

Cl-macrocycle [((p-MeO-CgHa)2Te)2(u-O)(n-PhSeO2)(ns-Ch]2, (2), (0.15 g; 0.0811
mmol), silver tetrafluoroborate (0.008 g, 0.0405 mmol), silver nitrate (0.007 g, 0.0405
mmol), yield 51 %, MP: 236-238. 'H NMR (500 MHz, CDCls, ppm): § 7.75 (d), & 7.59
(d), 7.47 (m), § 7.37 (M), 7.28 (d), § 7.24 (d), 6.93 (d) & 3.71 (s). *C NMR (125 MHz,
CDCls, ppm): 6 162.30, 6 134.52, 5 134.42, 131.16, & 130.43, 6 128.73, 5 123.56, &
115.45, § 55.43; 1%F NMR (471.6 MHz, CDCls, ppm) & -127.0. 1%Te NMR (126 MHz
CDCl3, ppm): 6 1148 (t, J =572 Hz); IR. 2961 (s), 2840 (m), 1583 (s), 1491 (s), 1440
(m), 1403 (m), 1294 (m), 1256 (s), 1176 (s), 1013 (s), 719 (s), 745 (m), 662 (m), 589

(m).

2.3 Results and discussion:

An investigation into the
reaction between diorganic
tellurium  dihalides  and
phenyl seleninic acid led to
the formation of inorganic
macrocycles with 12
members called [(p-MeO-
CeHa) Te)3(p-O)( pu-PhSeO2)(
u-Cl).} Reaction involving
the exchange of anions of
these ClI-Macrocycle (2) with
AgPFe (path 1) yielded white
crystalline powder which on

triclinic
P-1

Figure 2.1. Solid state molecular crystal structure of 2.2,
hydrogen atoms, and benzene solvate are omitted for clarity. Te
shows interactions with Fluorine atoms., and thermal ellipsoids

are drawn at 407 probability

crystallization-afforded block like crystal at low-temperature crystals. The targeted
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and expected product was just replacing of chloride anion with a higher symmetrical
geometry octahedral anion to the di cationic macrocycle. But single crystal X-ray
diffraction studies revealed the formation of 12-membered macrocycle [(p-MeO-
CeHa) Te)3(F)a(1-O)(us-PFa)(1-PF4)]2 CeHs. (2.2) Where two phenyl seleninate were
replaced by two unusual R2(F)Te-FPF3™ bridging anions between two
tetarorganotelluroxane units forming as di cationic core macrocycle. This dicationic
macrocycle core is countered by two more 2 PF4 anions on both sides the of
macrocycle and stabilized by Te---F secondary interactions. 2.3 is the first example of
a macrocycle that contains two definite chemical motifs. An organotellurium fluoro-
phosphinates, R, Te—F—P—F—TeR>, and a ditelluroxane R, Te—O—TeR> So, in
xxxxx RFPF2" ligand which is generated in situ seems to act as powerful ligand system
which could replace ligand like organo-seleninate of phosphate, this generating novel
molecular system. On reaction of [{(p-OMeCsHa)2Te}2(lu2-O)(u-PhsCP(Ph)O2))(s-
Ch]2 (2.1) with silver salt of hexafluorophosphate. Yielded the same product [(p-MeO-
CeHa) Te)3(F)a(u-O)(us-PFs)(M-PFs)]2. We concluded that the (us-PFs) anion
replacing strong ligands (u-PhSeO>), (1-PhsCP(Ph) < (u3-PF4). Reactions on refluxing

forming

2.3 F3

F4 F1

Figure 2.2. Solid state molecular crystal

structure of 2.2, and 2.3a and hydrogen atoms

are omitted for clarity. Te shows interactions
with Fluorine atoms., and thermal ellipsoids

¥ tgf{;ﬁnic‘ are drawn at 407 probability
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47.41
50.95
—-70.84
—-72.36
—-109.1%
126.34
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127.56

£
s

— i

: 4 : s ; e O e T S S A S RS
-60 -80 -100 120 -140 160 -180 -200 -220 ppm -70 -80 -90 -100 -110 -120 ppm

Figure 2.3 Solution of 2.1 °F NMR showing, two doublet and two singlets along with satellite
peaks, respectively.

tri (p-methoxy phenyl telluronium tetrafluoro phosphate salt and bis (p-methoxy
phenyl) tellurium di fluoride compounds isolated. The solution NMR of *>Te shows
a triplet signal resonance signal at 1147 ppm by coupling of 2 fluorine atoms to each
tellurium with a coupling constant of 574 Hz, which is shifted up field when compare
to Cl- macrocycle 1211 ppm. The solution NMR *°F of 2.2 revealed resonance at -72.
-109, and -127 ppm in CDClIs respectively. the solution NMR of 1%Te shows a triplet

signal resonance. Here -109 ppm with satellite peaks and -72 ppm signals

m/z =2627.92
2627.9204 26279303

2626.9273 2625929 2620915
' 2628.9224 2269305 26289317
2625.9281

| |

=[] ]]T-
T |

- J‘“ . (. Ll U

’M ‘Mw n ’W\J ) W‘w‘ WA WA WA WA *wu‘ L ‘_\\JL | “QQL\_‘Q;\Q\*

2624 2626 228 2630 22832 mz

Figure 2.4 Experimental (left) and simulated (right) ESI-MS of 2.2

26299185 2623 908 20249293

26309331 2631.9328

2630.9147 2622.9282
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are assigned to fluorine which is bridging between Tellurium and phosphorus and free
fluorine of bridging PF4 anion respectively. The signal at -127 ppm is corresponding
to 2 fluorine having weak interactions with tellurium showing a signal at up field. 3!P
at NMR -143 ppm shows a quintet. At room temperature, CDCI3 is used for the
recording of each NMR spectrum. The positive ion mode of the HRMS investigation
on 2.1 and 2.2 showed ppm peaks at m/z 2627.9 and 557.15 respectively, and these
results suggest that the structural integrity of the macrocycle is maintained in the

solution as well.
2.4 X-ray single crystal structure description of 2.2 and 2.3:

Standard analytical and spectroscopic methods have been used to characterize
Macrocycles 2.2 and telluronium salt 2.3. the important parameter are given in Table
2.1-2.4. the macrocycle 2.2 crystalizes in triclinic crystal system, space group P "1 with
half of the molecule present in the asymmetric unit. The macrocycle 2.2 is present as
by 2 units of tetra (p-methoxy phenyl) telluroxanes connected by 2 PF4™ anions, further
one of the Fluorine is attached to di (p-methoxy phenyl tellurium fluoride. The
dipositive charge of the macrocycle 2.2, comprises two telluroxane units and two
fluoro phosphinates groups. These two fluoro phosphinates ligands link the two di-
telluroxane units to produce a 12-membered (TesP2Fs) complex in a symmetric
bridging way and compensated by the presence of two PFs anions around the
macrocycle core ring are in the planar despite their size differences. The interesting
part about the presence of this macrocycle is, unusual tetrahedral tetrafluorophophate
anions bridging symmetrically between two telluroxane units, also capping on both
sides of the macrocycle above and below with secondary bonding interactions Te---F.
The interaction distance between Te---F is 3.022 (4) A, shorter than the total of the
sums Vander Waals radii (Te and F Yvdw (Te---F) = 3.451 (A)° which are present in
both macrocycle and telluronium salt.
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Te3 @

F5

Figure 2.5 Solid state molecular crystal core structure of 2.2

This secondary bond distance falls in the reported literature arrange as seen in
macrocycle®, telluronium BF4 salt!?, telluronium dicationic BF4™ salt.? The in situ
formed side chain to telluroxane unit is R2TeF,. The bond distance of side chain
tellurium atom to fluorine of bridging PF4 anion (Te—F) bond distance is 1.978 (11)
A. Te—F (sum of the covalent bond radii Te—F is 1.950 A) distance is 1.978 (11) A,
here in the average Te—F bond distances fall in the reported literature range. Whereas
bond distance of tellurium to fluorine between bridging p-PF4 fluorine to tellurium of
core ring telluroxane distance is 2.356 (9) A is moderately large than its sum of
covalent bond radii. This Te—F bond distance can also be compared with Te(IV)
monofluoride species, such as [(u-F)Te(CFs)s- dimethylformamide]*® a fluoride-
bridged polymeric species connected by Te—F linkages of 2.138(2) A, 2.566(2) A and
a bidentate telluronium ion is also 2.505 (5).1* The di-telluroxane unit has an average
bond length of 1.964 (8), which is comparable to the value that was reported in the
past. The average F—Te—O, bond angle is 173.1° (4), Te—O—Te angles 120.2° (4)
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larger than previously reported 12-membered tellurium macrocycles (170.45° (6) and
114.39° (7) respectively. the P—F bond length is 1.484 (10) to 1.550(10) A and the
bond angle among F—P—F is 103.2° (7) to 109.9° (7). The geometry around tellurium
in the macrocycle and telluronium salt are distorted pseudo-octahedral and Pseudo

trigonal pyramidal respectively.
2.5 X-ray single crystal structure description of 2.4:

To achieve a mixed anion-capped macrocycle, the reaction of Chloro-macrocycle [(p-
MeOCeH4)2Te(u-O)(u-PhSeO2)(us-Cl)]2  with  silver salts of nitrate and
tetrafluoroborate in 1:1:1 ratio in benzene solvent at room temperature for 12 hours,
after filtration filtrate on evaporation in a weeks’ time small cube type crystal formed.
It crystalized in tetragonal space group P4/n. SC-XRD structural studies unfolded an
unexpected 16-membered macrocycle- [{(p-OMeCsHa)2Te}(p2-O)s(u-PhSeO2)(u-
BF4)]a. These 16- membered macrocycle core ring TesSesOg is built by four benzene
seleninate relate to four bis (p-methoxy phenyl) tellurium through oxygens, with Se—
O—Te linkage. This core ring is tetra-cationic further stabilized by four tetra-
fluoroborate anions attaining neutrality. Unlike the other reported/ synthesized
macrocycle capped on both sides, four BF4 sitting on the top of each tellurium with
secondary interactions Te---F. Each tellurium coupling with two fluorine atoms from

BF4 anion which splits the tellurium into triplets at

1152.42
1148.78
1145.15

1148 ppm with a coupling constant of 460 Hz. The
solution °F NMR shows resonance at -126.9 ppm
with satellite peaks. The *B NMR resonance at -1
ppm provided conclusive evidence for the presence

of the BF* anion. The distance between Se—O is

1.712 A no change in it when compared with
benzene seleninic acid based macrocycle and Te—O
is 2.18 A is much larger than the reported literature.®9

Figure 2.7 Solution of 2.1 *°F . . :
N&Rshowing Interaction distance between Te---F is 3.174 A
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which is also lower relative to its sum of Vander walls radii (Te and F Y vdw (Te-F) =
3.452 A).1% (Tellurium and Fluorine Y vdw (Te---F) = 3.452 A)Se---F interaction also
has been observed at an

o1 Tet 02

Figure 2.6 (a). Solid state molecular crystal structure of 2.4, hydrogen atoms, are omitted
for clarity. Te shows interactions with Fluorine atoms., (b). core structure, (c) Te---F

interaction. Thermal ellipsoids are drawn at 407 probability

43



Chapter2

average distance of Te---F 2.831 A which is considerably lower than (its sum of
Vander wall radii 3.371 A) reported literature.® the average bond angle of O—Te—
O are 170.0° (4) matches with our previously reported macrocycle® but higher than
literature and the average bond angle of O—Se—O are 101.6° (4). The bond angle and
bond distances are mostly like reported macrocycles. The geometry around every

tellurium in the macrocycle is distorted pseudo-octahedral.

2.6 Conclusion

We have synthesized a twelve membered macrocycle with a new bridging and capping
anions of tetrafluoro phosphate (PF4’), and telluronium salt of tetrafluoro phosphate
(PF4). Also, we have demonstrated the inorganic twelve membered macrocycle ring
expansion to sixteen membered macrocycle which contains organotellurium,

organoselenium units and capped by four tetra fluoroborate anions.
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Analytical and
Spectroscopic data
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Table 2.1 Crystal data and structure refinement for 2.2 to 2.3a

Identification
code
Empirical
formula
Formula weight
Temperature/K
Crystal system
Space group
alA

b/A

c/A

o/°

pre

V/°
Volume/A3

Z

pcalcg/cm3
wmm-1
F(000)

Crystal
size/mm3
Radiation

20 range for
datacollection/®
Index ranges

Reflections
collected
Independent
reflections
Data/restraints/
parameters
Goodness-of-fit
on F2

Final R indexes
[[>=206(D)]

Final R indexes

2.2
CssaHgaF18014P4Tes

2548.99
296
triclinic
P-1
14.646(3)
14.872(3)
15.304(3)
100.310(7)
108.902(7)
116.758(7)
2599.6(9)
1

1.628
1.808
1234.0
0.08 x 0.08 x 0.06

MoKa(A =
0.71073)
4.688 t0 56.146

-18<h <18,
-19<k <19,
-19<1<19

123791

12098[Rint =0.0709,
Rsigma = 00387]
12098/818/574
1.100

R1=0.0937,
WR2 = 0.3008

R1=0.1233,

2.3
Co1H21F403PTe

555.97
296.
triclinic
P-1
10.3656(3)
10.6864(2)
11.3879(3)
112.236(2)
97.157(2)
103.226(2)
1105.01(5)
2

1.6708
1.471
547.7

0.08 x 0.04 x 0.04

MoKa(A=0.71073)
3.98 t0 53.82
-13<h<12,
-13<k<13,
-14<1<13
26102

4625[Rin =0.0496,
Rsigma = 00415]
4625/2/274

1.068

R1=0.0364,
WR2 = 0.0832

R1 =0.0464,

46

2.3a
C14H14F202Te

379.85

296
monoclinic
12/a

19.564(4)
4.7122(5)
15.758(2)
90110.185(19)
110.185(19)
90

1363.5(4)

4

1.8502

2.200

736.0
00.9x0.8x0.5

MoKa(A=0.71073)
4,436 to 53.442
-24<h <24,
-5<k<Ss,
-19<1<19

47281

403 [Rint = 0.0512,
Rsigma = 00552]
1403/0/88

1.031

R1=0.0531,
WR2 = 0.1309

R1 =0.0594,
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[all data] WR; = 0.3228 WR; = 0.0908 WR; = 0.1350
Largest diff. 3.30/-2.55 0.67/-0.66 1.04/-1.72
peak/hole/e A3

Table 2.2 Selected bond lengths [A] bond Angles for 2.2.

Atom Atom  Length/A étlom '{‘_\;fim ﬁi?m 1?;%1(63/)
Tel O1  1.964(8) SRR
Tel C1  2.108(11) : .

Tel F4' | 2.394(8) C8 Tel F4° 831(4)
Te2 01  1.982(7) Ol Te2 CI5 90.2(4)
Te2 F2 | 2.356(9) Ol Tez C22 89.9(5
Te3 F1  1.978(11) Cl5 ' Tez | C22  95.38(5)
Te3 F5 | 2.135(11) Ol Te2 F2  173.1(4)
P2 F8  1.306(12) Cl5 Te2 'F2  85.0(4)
P2 F6  1.318(12) C22 Te2 F2  85.7(5
P2 F9  1.386(12) F1  Te3 C36 89.3(9)
P2  F7  1.640(18) F1  Te3 C29 88.0(5)
PL | F2 | 1.484(10) C36 Te3 | C29  96.4(7)
PL | F4 | 1492(10) FIL Te3 F5  171.3(5)
PL | F5 | 1.516(10) C36 Te3 'F5  855(8)
PL | F3 | 1.550(10) C29 Te3 F5  85.6(5

Tel O1 Te2 120.2(4)
F8 P2 F6  1252(9)
F8 P2 F9  113.9(9)
F6 P2 F9  115.1(9)
F8 P2 F7  96.5(9)
F6 P2 F7  101.4(10)
F9 P2 F7  95.9(10)

F2 PL | F5 |109.9(7)
F4 PL | F5  112.6(6)
F2 PL | F3 | 105.6(7)
F4 PL F3  105.8(6)
F5 PL | F3 | 103.2(7)
P1 F2  Te2 | 145.6(7)
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Tel
F2
F3
F1
F4

F4
P1
P1
P1
P1

Table 2.3 PF4 bond lengths and bond angles 2.3

2.393(9)
1.552(3)
1.442(3)
1.540(3)
1.442(3)

F3
F1
F4
F4
F4

P1
P1
P1
P1
P1
P1

F2
F2
F3
F2
F3
F1

P1 F5
P1 F4

95.9(2)
106.82(18)
108.6(2)
110.03(19)
123.95(19)
107.95(18)

Te3
Te1l

Table 2.4 Bond length and bond angles of 2.3

Tel | F1'| 1.997(4)
Tel F1  1.997(4)

F1!
F1
F1!
F1
F1!

Tel
Tel
Tel
Tel
Tel

F1
ci!
cit
C1
C1

48

172.3(2)

87.52(17)
87.47(17)
87.47(18)
87.52(17)

122.7(6)
140.3(6)
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ESI mass spectral analysis of compound 2.2

Inteng + (9-
MS, 0.2-2.0min
800
2627.924
2626.927
2628.922
6007 2625.928 2629.918
2630.914
4007 2631.910
2632.905
2007
C84H84F18014PATe6C6H6, M
3001 2627.930
] 2625.929 2629.931
2626.930 2628.931
624.929
2623.928 2630.932631.932
2001 2622.928
| 2632.934
1001
262 262 262 263 263 m/
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125Te, 19F, 11B, 1H, 3C NMR spectral analysis of compound
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Figure 2.8 °F NMR spectrum of 2.2 in CDCls at room temperature.
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Figure 2.9. ®Te NMR spectrum of 2 in CDCls at room temperature.
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Figure 2.10. 3P NMR spectrum of 2.2 in CDCI3 at room temperature.
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Figure 2.11. *'B NMR spectrum of 2.2 in CDClI3 at room temperature.
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Figure 2.12. C NMR spectrum of 2.2 in CDCls at room temperature.
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Figure 2.13. *H NMR spectrum of 2.2 in CDCI3 at room temperature.
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Figure 2.14. FT-IR spectrum of comppf 2.2

ESI mass spectral analysis of compound 2.3
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Figure 2.15.
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Table 2.5 Crystal data and structure refinement for 2.4

Identification code 2.4
Empirical formula CsoHgoB4F160165e4Tes
Formula weight 2470.92
Temperature/K 100.0(2)
Crystal system tetragonal
Space group P4/n
alA 19.8704(5)
b/A 19.8704(5)
c/A 14.8286(4)
a/° 90
/e 90
v/° 90
Volume/A3 5854.8(3)
z 2
pcalcglcm3 1.402
p/mm* 2.303
F(000) 2392.0
Crystal size/mm? 0.08 x 0.06 x 0.06
Radiation MoKa (A =0.71073)
20 range for data collection/° 3.994 to 53.98
Index ranges -25<h <24,
-24 <k <24,
-18<1<18
Reflections collected 35407

Independent reflections 6106 [Rint = 0.1233, Rsigma = 0.1443]
Data/restraints/parameters 6106/255/282

Goodness-of-fit on F? 1.097

Final R indexes [[>=2c (1)] R1=0.1089, wR> = 0.3336

Final R indexes [all data] R1=0.1937, wR, = 0.3658

Largest diff. peak/hole / e A®  3.40/-1.12
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Atom Atom
02 Tel
C7 Tel
C7 Tel
C7 Tel
Cl4 Tel
Cl4 Tel
01 Sel
02 Sel
02 Sel
Sel o1
Sel 02
Cl0 04
C8 C7
C8 Cc7
Cl12 C7
Cle Cil4
Cle Cil4

Atom Atom
Tel O1'
Tel 02
Tel C7
Tel Cl4
Sel o1
Sel 0)
Sel C1
F4 B1
F3 B1
04 C10
04 C13
C7 C8
C7 C12
Cl4 Cie6
Cl14 Ci15
03 C18
03 C20

Table 2.6 Bond lengths for 2.4.

Table 2.7 Bond Angles for 2.4.

Length/A
2.180(10)
2.161(10)
2.088(15)
2.115(15)
1.715(10)
1.705(9)
1.843(17)
1.31(2)
1.38(3)
1.30(2)
1.43(2)
1.320(19)
1.45(2)
1.33(2)
1.38(2)
1.34(2)
1.42(3)

Atom  Angle/’

o1!
o1!
02
Cl4
o1!
02
C1
o1
C1
Tel?
Tel
C13
Tel
C12
Tel
Tel
C15

170.0(4)
85.5(5)
86.1(5)
97.0(6)
89.0(5)
86.7(5)
97.3(6)
101.6(4)
97.0(7)
114.1(5)
116.5(5)
122.0(17)
122.7(12)
119.3(15)
116.8(11)
120.8(12)
121.1(14)

Atom Atom  Length/A

Cl16
Cl
C1
C10
C10
C8
Cl1
C15
F2
C18
C18
Bl
C2
C6
C5
C5

Atom
04
Cl1
C7
C10
Cl4
Cl1
C8
03
C19
C19
C15
C18
F4
F4
F2
F2
F2

55

C19
C2

C6
Cl1
C9

C9
C12
Cl7
Bl
C17
C19
F1
COAA
C1AA
C1AA
COAA

Atom
C10
C10
C8
Cl1
C15
C12
C9
C18
C18
C18
Cl17
C19
Bl
Bl
Bl
Bl
Bl

1.40(2)
1.32(2)
1.36(3)
1.40(2)
1.41(2)
1.41(2)
1.43(2)
1.39(2)
1.30(3)
1.44(2)
1.33(2)
1.34(3)
1.60(3)
1.34(3)
1.44(3)
1.28(3)

Atom
C9
C9
C9
C12
C17
C7
C10
C17
03
C17
C18
Cl6
F3
F1
F4
F3
F1

Angle/*
122.5(18)
118.8(16)
122.0(15)
118.7(17)
122.4(16)
119.4(14)
120.8(16)
123.6(18)
117.7(18)
118.7(17)
115.7(17)
124.2(18)
115.3(14)
117(3)
114(2)
107(2)
94.6(19)



Chapter 2

Cl5 Cl4 Tel 118.0(11) F1 B1 F3 106(2)
C18 03 C20 114.1(18) C1 C2 COAA 116.7(19)
Cl4 Cl6 C19 117.4(16) C1AA Cé6 C1l 123(2)
C2 C1l Sel 116.7(15) COAA C5 Cl1AA 125(2)
C2 C1 C6 120.9(18) C6 Cl1AA C5 116(2)
C6 Cl Sel 120.7(14) C5 COAA C2 114(2)
04 C10 Ci11 118.4(18)
8 85 9
YA
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- Y
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Figure 2.16. *F NMR spectrum of 2.4 in CDCls; at room temperature.
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Figure 2.17. ®Te NMR spectrum of 2.4 in CDCls at room temperature.
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Figure 2.18. *H NMR spectrum of 2.4 in CDCI3 at room temperature.
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IR spectra of 2.4
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Electrocatalytic = Hydrogen Evolution Mediated by an
Organotelluroxane Macrocycle Stabilized through Secondary

Interactions

The macrocycle is synthesized as the chloride abstraction from bis(p-
methoxyphenyl) tellurium dichloride (1) by silver salts AgM X4 (MX4=BF4 , and
ClO4 ) results in situ formed di-cationic tetraorganoditelluroxane units two such
units are held together by two weak anions p>-MX4 bridging to create a 12-
membered di-cationic macrocycle [(p-MeO-CsHa)2Te)2(u-O)(p2-F2BF2), >
(3.2), [(p-MeO-CeHa)2Te)a(n-O)(12-02Cl02)21** (3.3) stabilized via Te-(uo-
BF4/ClO4), secondary interactions. Two more p-MX4 anions present above and
below the macrocycle plane to balance the charge. The same reaction at higher
temperatures led to the formation of telluronium salts R3TeX [X= BF4 (3.4),
ClO4 (3.5)] as a significant product. The BF4 anion containing macrocycle and
telluronium salt was monitored with '°F NMR. The HRMS confirmed the stability
of all the compounds in the solution state. Homogeneous electrocatalytic proton

reduction is reported using organotellurium macrocycle as electrocatalysis

employed in an organic medium with the addition of para-toluene sulfonic acid.
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3.1 Introduction

The global energy demand is increasing day by day, while the primary energy source
are fossil fuels, whose abundance is on the decline continuously. Also, using fossil fuel
energy is undesirable for the earth’s environment. Hence, there is a need to shift from
dependency on fossil fuels to sustainable options such as renewable/clean energy.
Hydrogen gas is more promising for fulfilling energy demands near future. The
evolution of hydrogen through homogeneous electrocatalysis is one of the ways. Earth
abundant metals and chalcogenide-stabilized transition compounds have been
employed as homogenous electrocatalysts for hydrogen evolution in nonaqueous
solutions.! The organochalcogen compounds as electrophilic sites have long been
known for secondary bonding interactions with electron-rich anion/ Lewis bases
resulting in applications in the fields of catalysis?, biology?, anion transport?, host-
guest chemistry/ supramolecular chemistry®, in the synthesis of organic and
organometallic compounds, used asmoderate oxygen transfer reagents.® The
chalcogens act as secondary bonding interaction centers, as shown by their VSEPR
geometry in oxidation states (II) and (IV), which typically have two positions. These
characteristics make it possible to achieve chelation and the production of a planar
complex of tellurtum (IV) cations, which exhibit stronger Lewis' acidity and higher
ion transport activity in comparison to tellurium compounds including Te (II). Among
Group 16 elements (Lewis’s acidity order O < S < Se < Te), tellurium is the softest,
heaviest, and most electropositive chalcogen forming the strongest and shortest
secondary bonding interactions with oxygen, nitrogen, and chlorine atoms.” Presence
of an electron-withdrawing group enhances the electropositive region on tellurium,
leading to much stronger secondary bond interaction. Kobayashi and Furukawa et al.
reported bis-diaryltellurium (IV) oxide dicatation by inserting an oxygen atom.® These
tellurium cations can react with nucleophiles.” Beckmann et al. studied the reactivity

of diorganotellurium oxide towards strong acids like diphenyl phosphinic acid and
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weak acids such as triflic acid leading to the formation of tetraorganoditelluroxane
along with anions which shows extensive secondary Te---O interactions.'® Also,
diorgano tellurium dihalide reaction with protic acids such as cyclic phosphinic acid
has been explored.!! Recently, Gabbai et al. developed novel Lewis acidic receptors
which work as catalysts with telluronium ions as an active site.'> The group also
reported the oxidative alkylation of diaryl tellurides [Mes(CesFs)TeMe]" and
[(CéFs).TeMe]™ from Mes(CeFs)Te, [(CeFs).Te, respectively.!> The formation of
complexes and the transport of chloride ions across phospholipid bilayers may be
possible with these newly discovered telluronium salts. Recently, bistelluronium
dicatation obtained as tetrafluoroborate salt and its catalytic properties have been
studied.'* Our group has been involved in the preparation of the tellurium macrocycle
of organotellurium with benzene seleninic acid'®, which formed a 12- membered
inorganic macrocycle made up of two tetraorgano telluroxane moieties assembled with
two selenates to form dicationic TesSe204 macrocyclic core stabilized with Te---X (X
= spherical anions Cl, Br, and I). Subsequently, the anion exchange reaction of the 12-
membered macrocycle with different anions shows variable geometry around the
central atom.'® Synthesis of Telluronium salts is known in the literature.'” Here, we
present the synthesis and structural characterization of 12-membered tellurium
macrocycles where weak anions such as ClO4, and BF4 act as p»- bridging and
capping ligands and isolation of homoleptic Telluronium salts, obtained through the
milder synthetic methodology. One of the macrocycles shows the electrocatalytic

activity towards proton reduction.
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Scheme 3.1. Synthetic procedure for 3.2-3.5

3.2 Experimental section

3.2.1 Reagents and general procedures

Chemicals TeCls, AgBF4, and AgClO4.xH20 (Caution! Silver perchlorate is a
hazardous and potentially explosive chemical, it causes chemical burns when exposed
to skin or eye burns and must be handled in fume wood with care) were purchased
from Sigma Aldrich Ltd. Solvents and other general reagents were purchased from a
commercial source and purified according to standard procedure. Bis-(p-
methoxyphenyl) Tellurium dichloride and [Cu(CH3CN)4]BF4 and [Cu(CH3CN)4]Cl1O4
was synthesized according to the previously reported procedure.!” The yields of all
compounds were calculated based on Bis-(p-methoxyphenyl) Tellurium dichloride for
isolated crystals. These dried samples (free of benzene and toluene solvents) were

subjected to spectroscopic and electrochemical analysis.
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3.2.1 Instrumentation

Infrared spectra were recorded with a NICOLET Is5 FTIR spectrometer. Single crystal
X-ray data for 5 was collected at 298 K and carried out with a Bruker smart apex CCD
area detector system. [A (Mo Ka) =0.71073 1&] with a graphite monochromator. The
data were reduced using APEX-2, and the structures were solved using SHELXS-97
and OLEX-2-1.2 and were refined using the program SHELX1-2018/7. The Remaining
three single-crystal X-ray data were collected at 100K carried out by Rigaku Oxford
Xta- Lab synergy diffractometer with the graphite monochromator with a Mo Ka
(2=0.71073 A ) microfocus sealed tube operated at 50 kV and 1mA. The data was
solved and refined using OLEX software 2-1.2. 20 'H, 13C, 'Te, "B, and '°F NMR
spectra were recorded with Bruker AVANCE III 400 and 500 instruments. CCDC
(2160462-2160465) for 2, 3, 4, and 5 Contain the supplementary crystallographic data
for this paper. These can be obtained free of charge from the Cambridge

crystallographic data center via www.ccdc.cam.ac. Uk/data request/cif.

3.2.2 Synthetic procedure for 3.2 and 3.3

Silver salt was weighed in a glove box in a round bottom flask sealed with a rubber
septum and covered with aluminum foil: to this, 5 ml of benzene was injected and was
kept for stirring for 5 minutes, then, a solution of Bis-(p-methoxyphenyl) Tellurium
dichloride (p-OMeCsHs)2TeCl, in benzene was injected at ambient temperature, and
it was kept for continuous stirring for 6 hours, The solution was filtered to remove
AgCl (precipitate) formed during reactions. The filtrate 2 was crystalized by a
diffusion method and 3 by an evaporation method, both of which, after weeks, gave
block-like crystals suitable for a single-crystal X-ray diffractometer studies. From
copper salts: [Cu(CH3CN)4]BFs and [Cu(CH3CN)4]ClO4 salt was added to a hot
benzene solution of Bis-(p-methoxyphenyl) Tellurium dichloride (p-OMe-
CeéHe)2TeCl> and the stirring was continued for 20 minutes. The filtrate was
concentrated in a vacuum, and the white crystalline powder in good yield was

separated.
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[{(p-OMeCsHa)oTe}a(n-O)(u-BF4)(u-BF4)]2 (3.2):

Bis-(p-methoxy phenyl) Tellurium dichloride (p-OMe-CsHe)2TeCl2(0.20 g, 0.49
mmol), silver tetrafluoroborate (0.19 g, 0.97 mmol), yield: 0.14g (66%) based on Bis-
(p-methoxy phenyl) Tellurium dichloride. MP: 208-210 °C. CssHs¢BaF16010Tes
(1746.65): '"H NMR (500 MHz, CDCI3, ppm): & 7.99 (d), & 7.04(d), § 3.87 (s). 13C
NMR (125 MHz, CDCI3, ppm): & 162.26, § 135.44, § 125.23, § 115.61, § 55.57.; °F
NMR (471.6 MHz, CDCI3, ppm) & -109.24, § -127.07.; "B NMR (160.77 MHz,
CDCI3, ppm) § - 0.98.; 2>Te NMR (158.22 MHz CDCI3, ppm): & 1148.78 (t, J=573
Hz); IR:2836.0 (w), 2427.8 (m), 1581.3(s), 1489.9 (s), 1458.9 (s), 1439.6 (m), 1401.9
(s), 1293.8 (s), 1250.5 (s), 1176.2 (m), 1058.9 (m), 1019.5 (s), 819.9 (s), 739.6 (m),
684.9 (s), 588.7 (s), 512.2 (s), 473.8 (5).

[{(p-OMeCeHa)2Te}2(1-0)(1-Cl04)(1-Cl04)]2 (3.3):

Bis-(p-methoxy phenyl) Tellurium dichloride (p-OMe-CsHe)2TeCl2 (0.19 g, 0.47
mmol), AgClO4.xH>0 (0.27 g, 0.93 mmol) yield: 0.16 g (76%) based on Bis(p-
methoxy phenyl) Tellurium dichloride. MP: 204-206 °C. CssHs¢ClaO26Tes (1797.24):
'H NMR (400 MHz, CDCI3, ppm): § 7.81( S, 16H), & 7.00 (d, 16 H), & 3.84(S, 24);
3C NMR (100 MHz, CDCI3, ppm): & 162.53, 135.26, 128.38, 115.64, 55.57; 'Te
NMR (158.22 MHz CDCI3, ppm):6 1500; IR : 3097.3(m), 3078.3(m), 3014.7(m),
2970.3 (m), 2938.5 (m), 2840.0 (m), 2566.8(m), 2373.0(m), 1580.9(s), 1491.7(s),
1458.0(s), 1435.8(s), 1407.2(m), 1302.4(s),1256.2(s), 1178.3(s), 1083.5(s), 922.5(m),
822.4(s), 790.3(m), 708.4(s), 681.0(s), 616.1(s), 591.8(s), 510.8(s) 476.0(m).

3.2.3 Synthetic procedure for 3.4 and 3.5

To Bis-(para-methoxy phenyl) tellurium dichloride dissolved in 20 mL of toluene was
added to silver salts in a round bottom flask kept for one hour reflux. After the one-
hour reaction mixture was filtered, and the filtrate contained a variety of compounds,
macrocycle, and telluronium salt. The remaining sticky solid in the round bottom flask

was added to 20 ml of acetonitrile and filtered. This filtrate contains only telluronium
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salt; Block-like crystals were obtained via the evaporation method from the filtrate in
weeks.

(p-OMeCeHa4)3TeBF4) (3.4):

Bis-(p-methoxy phenyl) Tellurium dichloride (p-OMe-CeHe)2TeCi2(0.20g, 0.24
mmol), silver tetrafluoroborate (0.18 g, 0.96 mmol), yield: 0.12¢g (45%) based on Bis-
(p-methoxy phenyl) Tellurium dichloride. MP: 202-204 °C. C>1H21BF403Te (535.79):
"H NMR (500 MHz, CDCl3, ppm): § 7.48 (d, 6H), § 7.05 (d, 6H), & 3.82 (S, 9H); *C
NMR (125 MHz, CDCI3, ppm): §162.24, 135.47, 125.26, 115.61, 55.58.; '’F NMR
(471.6 MHz, CDCI3, ppm) -147.72; 11B NMR (160.77 MHz, CDCI3, ppm) -0.96
125Te NMR (158.22 MHz CDCI3, ppm): & 744.50 (d); IR: 2961.0 (w), 2085.2(w),
1719.4(m), 1643.3(s), 1449.1(m), 1258.4(s), 1013.7(s), 794.0(s), 744.8(m), 696.2(m).

(p-OMe CeHa)3TeClO4) (3.5):

Bis-(p-methoxy phenyl) Tellurium dichloride (p-OMe-CsHe)2TeCl> (0.10g, 0.24
mmol), AgClO4.H,0 (0.094 g, 0.48 mmol) yield: 0.06 g (45%) based on Bis (p-
methoxy phenyl) Tellurium dichloride. MP:200-202 °C. C21H21ClO7Te (548.44): 'H
NMR (400 MHz, CDCI3, ppm): & 7.52 (d, 6H), § 7.08 (d, 6H), & 3.88 (S, 9H); *C
NMR (100MHz, CDCI3, ppm): § 162.53, 135.26, 128.38, 115.64, 55.57; 1Te NMR
(158.22 MHz CDCI3, ppm): o 744 (S); IR: 3547.9(w), 3059.4(m), 2961.6(m),
1583.2(m), 1488.0(m), 1435.4(m), 1299.2(m), 1258.7(s), 1051.3(w), 1012.9(w),
854.8(m), 796.3(s), 747.7(s), 698.3(s), 615.9(s), 556.0(s), 533.5(m), 506.4(m),
442.5(m).
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3.3 Results and discussion

Organotelluroxane of
tetrafluoroborate was obtained
through the reaction of bis (p-
methoxyphenyl) tellurium
dichloride (1) with copper salts
Cu(CH3CN)4BF4 and silver
tetrafluoroborate (AgBF4)
benzene. [(p-MeO-CeHa)z2Te) (-
O)(u2-F2BF2),]*".3Cs He (3.2),
(Figure 3.1) and with copper
salts/silver perchlorate hydrate

Cu(CH3CN)4
ClO4/(AgCl04.H20) for[(pMeO-

Figure 3.1 Solid state molecular crystal structure of 2,

hydrogen atoms, and benzene solvate are omitted for CeHa)2Te)2(p-0)(112-02C102)2**
clarity. Te shows interactions with Fluorine atoms., and ~ 3C4Hs (3.3) (crystal structure in
thermal ellipsoids are drawn at 407 probability SI) in moderate yields (Scheme
3.1). Both 2 and 3 are structurally quite similar (isomorphic) and crystalize 3.2 and 3.3
in monoclinic space group P [ 2I1/CI. These structures comprise two
tetraorganoditelluroxane dicationic units connected by anions acting as p2-bridging
ligands (BFs and ClO4) arranged in a 12-membered macrocyclic dicationic core
fashion. The other counter anions are accommodating above and below of macrocycle
for the charge balance through Te-(u2-BF4)-Te (3.2), Te-(u2-ClO4)-Te (3.3), secondary
bonding interactions. 3.2 and 3.3 are the first examples of telluroxanes arranged in a
macrocyclic fashion containing two distinct chemical motifs: Ry Te-- F—B—F—TeR»

(3.2), RoTe--O—Cl—O—TeR> (3.3), and an Organotelluroxane R,Te —O—TeRo.

The solution '>>Te NMR of 3.2 is supposed to show a quartet since three fluorine atoms
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surround each tellurium. One of

R = ® %0
the fluorine is from a bridging 1,3__%?__ gg
ligand other two are from capping Hl Y
ligands, despite this showing two
different coupling environments
for 'Te and '"F NMR spectra.

Due to the distorted pseudo-

octahedral coordination

environment around every

tellurium in 3.2 and 3.3 (Figure 1 d
inside) macrocycles, two fluorine e o e A M M'::V:

from capping BF4™ anions and two
Figure 3.2. Solution of (a). '>Te NMR of 3.2 showing

ara (methoxyphenyl phenyl
P ( yphenyl  phenyl) a triplet and doublet, (b). "’F NMR of 3.2 showing two

groups situated each other 161° G010 along with satellite peaks, respectively:
making equatorial positions in the

bridging BF4 = anions and oxygen bridging between two telluroxane units axially
situated at 173°. The presence of two fluorine atoms in the equatorial position de-
shields the tellurium and causes the '**Te NMR spectrum to split into a triplet at
1147.18 ppm with a coupling constant of 570 Hz (1J Te---F = 573 Hz). The nuclei
123Te NMR and axial fluorine coupling indicate a tellurium spectrum into a doublet
that is somewhat up-filed at 1085.46 ppm with a coupling constant of 624 Hz.
Similarly (Figure. 3.2a), the "’F NMR spectrum of 3.2 in CDCI; shows two singlets’
resonances at -126.60 ppm and another singlet slightly at down filed at -108. 81. These
'F NMR spectra appeared along with the '>>Te NMR satellite peaks (125.83, 127.36,
and 107.98, 109.64 ppm, respectively) (Figure. 3.2b). 3
The existence of the BF*" group in macrocycle 3.2 is Sgee " —
shown by a signal in the '"B NMR spectrum measured in Q\/Tlef; |

=y Ry
CDCI3. This peak is located at -0.9 ppm. The solution /@ \0 qg
~ 1
125Te NMR and '°F NMR spectrum of telluronium salt of 0
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3.4 show resonances at 744.67 and at = -147.63 ppm in CDCI3, respectively
(supporting info). In solution, °F NMR natural abundance of 100 % and nuclear spin
quantum number of F is I =1/2 evince '’F NMR spectroscopy highly suitable for
observation of formation and stability of the products. The '°F NMR spectrum of 3.2
and 3.4 able to be optimized. In previous reports, strong Lewis’s base-like cyclic
phosphinates and phenyl selenate act as bridging between two like cyclic phosphinates
and phenyl selenate act as bridging between two lewis acidic tetraorgano ditelluroxane
units, while in this work, weak bases Bridging ligands (RPO,* , SeO>> ClO4 , BF4")
like Cl1O47, BF4 are working as bridging ligands

The HRMS study shows a peak corresponding to M* ? benzene + 3H" ion at 1909.00
[Cs6Hs6BaF16010Tes.2CsHe 3H" ] for 3.2 and M 3.3 benzene + Na' ion at 2056.83
[Cs6Hs6Cl4026Tes.3 CsHg Na' | for 3.3. This matches with the simulated HRMS pattern

of 3.2 and 3.3. The benzene unit present corresponds to the number of benzene solvent

2056.8378

1+
20549300 5,

2058.8383 \ 20569307

1+
20529293

W |
] J\ W
\ Mll.nuld ‘A/\,-’i\i J}W | \\ )'\ , Jn\

2052.8357

2060.8391
205 o 9287

Figure 3.4 Experimental (left) and simulated (right) ESI-MS of 3.3

molecules that crystallized in 3.2 and 3.3, respectively. This suggests structural
stability of the macrocycles in solution. Interestingly in both mass spectra, a common
mass cluster is 361.00 [(p-MeO-CsH4)2TeOH]" is present, and in very low intensity, a
peak corresponding to telluronium salt [(p-MeO-CeHs)3Te]™ (451.05) is observed
along with several other mass clusters; most intense mass cluster at 719.00 is assigned
to dipositive 12-membered TesO2BFs [TesO2(BF4)2]" macrocyclic core of 3.2 and
744.99 corresponds to dipositive 12- membered TesO10Cla [TesO2(ClOs4)2] +

macrocyclic core of 3.3. Compounds 3.4 and 3.5 peaks at 451.05, corresponding to
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Figure 3.5. (a) solid-state molecular crystal structure of 4,
(Left), (b) solid-state molecular crystal structure of 5 (Right),
hydrogen atoms are omitted for clarity; Thermal ellipsoids

are drawn at 407 probability.

telluronium  cations. An
interesting observation of the
difference between
macrocycles and telluronium
salts is that they are
dissociated in the solution
state, unlike the macrocycle,
which does not dissociate. A
solution of Bis-(p-methoxy
phenyl) tellurium dichloride
in toluene 1is stirred at
elevated temperature with

respective silver salts to form

homoleptic telluronium salts, (p-methoxy phenyl Tris) telluronium tetrafluoroborate
(p-OMeCgHa4)3TeBF4 (3.4) and Tris (p-methoxy phenyl) telluronium perchlorate (p-
OMeCgH4)3TeClOs4 (3.5). The plausible formation of triorganotelluronium salt from a
diorganotellurium dihalide starting material has been explained in our earlier report.'®
The distance between Tellurium and weakly coordinating anions Te- --F is 2.96 A and
Te---O 3.05 A, falling in the reported literature ranges. Single crystal structure analysis
X-ray crystal structures of 3.2-3.5 were determined using single-crystal X-ray
analysis. The selected bond length and bond angles are presented in the spectroscopic
and analytical part. The compounds 3.2 and 3.3 crystallize in the monoclinic space
group P [ 21/cl, and telluronium salts 3.4 and 3.5 crystalize in triclinic P-/. 2 and 3.3
are isostructural and contain two bis tetraorganotelluroxane dicationic units; also, it
has 3.4 BF4 " anions and 3.4 ClO4 " anions for 3.2 and 3.3 respectively. The anions are
connected via Te-u2BF4Te (3.2), Te-p2ClO47Te (3.3) bridging, and through secondary
Te- --F (3.2), Te---O (3.3) interactions, the distance is 2.60 and 2.63. The mean angles
Te-O-Te of 3.2 and 3.3 are 125.3(1)°and 122.4(1)°respectively. the F-Te-O of 2 and

O-Te-O of 3 angles are 173° and 169°., respectively. Each of the four counterions
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interacts with Te atoms of the paired dicationic telluraxane through their fluorine atom
(3.2) in the range of 2.607, 2.636, and 3.018 A and an oxygen atom (3.3) 2.637, 2.657
to 3.335 A considerable amount shorter than the total of the Vander Waals radii, which
is (Te and F vdw (Te—F) = 3.45 A) and (Te and O vdw (Te—O) = 3.60 A) respectively.
Interestingly of the four Te...F secondary interactions present in macrocycle 3.1, three
(Te---F) of those are shorter than the recently reported molecules.'* The coordination
environment around tellurium atoms in the (3.1) and (3.2) is a distorted pseudo-

octahedral by taking into secondary interactions with fluoride (3.1) and oxygen (3.2).

02
F1 Y
B1
cn 03
F2
? o1
F3 ; i
Tel i

3.6. solid-state molecular crystal structure of 3.3, Te shows interactions with O atoms.

Anisyl group attached to Te and hydrogen atoms and benzene solvates are omitted for

clarity; thermal ellipsoids are drawn at 40 / probability.
In comparison, Pseudo trigonal pyramid geometry is present around the Tellurium
atom in telluronium salts (3.3) and (3.4). It is important to note that though in Scheme
1 the macrocycle is prepared in benzene and the telluronium salt in toluene, we did
observe that both the products formed in two solvents but predominately in benzene
12-membered macrocycle was isolated. In toluene, triorganotelluronium salt was
obtained. The oxidation state of the tellurium atoms in the compounds has been

calculated using bond valence sum (BVS) calculations.
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3.4 Electrocatalytic hydrogen evolution by macrocycle 3.2

Homogeneous cyclic voltammogram (CV) experiments were carried out using
macrocycle 3.2 (as a representative example) in the three-electrode system furnished
using a glassy carbon (GC) working electrode (=3 mm) and a platinum wire auxiliary
electrode, and an Ag/AgCl (3 M) as a reference electrode under nitrogen environment
at ambient temperature. Tetra butyl ammonium perchlorate (TBAP) containing
acetonitrile solution (100 mM) was employed as a supporting electrolyte and used to
prepare a 1 mM concentration of macrocycle 3.2 solutions for a homogeneous
electrocatalytic hydrogen evolution reaction (HER). 100 mV/s scan rate was used to
carry out the CV experiments, and all the potential was reported here with respect to
the Ag/AgCl. The para-toluene sulfonic acid (TsOH) was employed as a proton source
for catalytic HER. (Figure. 3.7) evidences the tellurium-based redox as well as
catalytic HER activity. The CV of macrocycle 3.2 (without TsOH addition) has shown
an electrochemical redox response around -1.15 V vs Ag/AgCl of perhaps assigned to

the tellurium, and the electrochemically reduced tellurium further reduces the proton

Figure 3.7 Cyclic voltammogram
of Blank (blue), macrocycle 3.2
(black), blank with 12 eq.
equivalents of  para-Toluene
sulfonic acid as a proton source,
and Macrocycle 3.2 with 12 eq. of

TsOH. Electrocatalytic conditions
e s 1 mM of the 3.2 in acetonitrile in
N el the presence of 100 mM TBAP as

supporting electrolyte at a scan
rate of 100 mV s in an inert
atmosphere using a three-electrode
configuration.

-50 4

-100 +

-150 1

-200

Current (puA)

-250 +

-300 +

-1.5 1.2 —DI.Q —OI.6 —OI.S 0.0 0.3
Potential (V vs Ag/AgCl)
into molecular hydrogen. It is noteworthy to mention that, upon gradual addition of

TsOH into the electrochemical cell shown, the enhancement in the cathodic current
confirms the catalytic HER along with 170 mV anodic shift in HER onset potential

under operation conditions.
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-400 -
-450
-500 . .

T T T T T T T
-14 12 -0 08 -06 -04 02 00 0.2

Potential (V vs Ag/AgCl)

Figure. 3.8 Cyclic voltammogram of macrocycle 3.2 (block), and in the presence of 1 to
20 equivalents of para-toluene sulfonic acid as a proton source. Electrocatalytic
conditions 1 mM of the macrocycle 3.2 in acetonitrile in the presence of 100 mM TBAP
as supporting electrolyte, CV collected with a scan rate of 100 mV/s in an inert
atmosphere using a three-electrode configuration.

bulk electrolysis experiments were conducted in homogeneous and heterogeneous
ways. Both methods demonstrate that macrocycle 3.2 was able to catalyze proton
reduction. The experiments were carried out in a homemade three-electrode system.
Carbon paper as a working and auxiliary electrode, a silver/ silver chloride (Ag/AgCl)
(3 M) as a reference electrode under argon environment purging for 30 minutes at
ambient temperature. Tetra butyl ammonium perchlorate (TBAP) containing
acetonitrile solution (100 mM) was employed as a supporting electrolyte and used to
prepare a 1 mM concentration of macrocycle 3.2 solutions with a proton source. The
linear sweep voltammetry was recorded by sweeping the potential between 0 and -1V
vs Ag/Ag" at a scan rate of 10 mV/s (Figure 1a). The increase in current was observed
immediately after the start of the potential scan indicating the reduction of the proton.

Two broad peaks (Pre-waves) appeared before -1 V indicating the possibility of two
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reductions during the scan. On the other hand, a broad reduction wave was observed
while the potential was swept in the same potential window in the absence of a proton
source for the macrocycle 3.2. With this information in hand, we propose the

mechanism of proton reduction in (Scheme 3.2)

2+ -
R R —_ 2+e,H R\ 5 IR
R\Te/ \Te’R Te‘ 'I';e
\
H2 H H
+e, HY +e, HY//- e H*
-e, HY
+
R o R
\
\
H

Scheme 3.2: Proton reduction reaction mechanism of macrocycle 3.2

3.0 0.4
a Material b
= C.P+Proton Source Bare carbon
Material+C.P+Without Proton Source
2.4+ Material+C.P+With Proton Source 0.3 -
scan rate : 10 mV/s
Z 18- p
= =3
:—Er E 0.2+
= £
<
0.1
0.6
0.0 T T T
0.0 T w T T T w 0 500 1000 1500 2000
0.00 0.25 -0.50 -0.75 -1.00 -1.25 -1.50
Time (S
Voltage (V) ®

Figure 3.9: (a) Linear sweep voltammetry of solution comprising tellurium complex, p-toluene sulfonic
acid, and electrolyte in acetonitrile. (b) Chronoamperometry profile of the same solution while holding
the potential at -0.68 V vs Ag/Ag*.
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The potential required to attain a current density of 0.5 mA is 0.55 V in the case of
macrocycle 3.2. However, the current did not reach 0.5 mA while using bare carbon
paper (C.P) as an electrode. This indicates the electrocatalytic behavior of the
macrocycle 3.2. We carried out chronoamperometry using the homemade
electrochemical setup. The applied potential was -0.68 V, which is the potential of the
second reduction wave. The experiment was carried out for 2000 s (Figure 3.8b). The
hydrogen gas generated during the electrochemical reaction was quantified using gas
chromatography and found to be 0.01 pL. the details about heterogeneous method

analysis details given in supporting information.

3.5 Conclusions

In this chapter, we have demonstrated that an organotelluroxane macrocycle acting as
active site ([(p-OMeC¢Ha4)2Te(n-O)] ) towards HER activity. The compound [{(p-
OMeCsHa)2Te}2(n-O)(u-BF4)(n-BF4)]2 (3.2) is the first organotellurium containing
catalyst for electrochemical hydrogen evolution. Plausible mechanism has been
proposed for proton reduction based on the Linear Sweep Voltammetry (LSV) plots
which shows two pre-waves corresponding to two successive reductions. Various
techniques including CV, LSV, bulk electrolysis have been employed in the hydrogen

evolution process.
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Analytical and

Spectroscopic data
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Section — 1: Crystallographic information of compounds 3.2-3.5

Cs6Hs6B4aF16010Te Cs6Hs6Cl4026Tea C21H21BF40O3Te CaH21ClO7Te
4
»1F'Wt 1942.92 199247 535.79 548.43
g/mol
T,K 100.0(2) 100.0(2) 106(9) 285
Crystal system Monoclinic Monoclinic Triclinic Triclinic
Space group P121/c1 P121/c1 P-1 P-1
Crystal size 0.32x0.25 % 0.16 0.1 x0.08 x 0.08 0.8x0.12 x0.1 0.09 x 0.08 x
mm? 0.06
a A 17.0516(2)
17.1420(1) 10.2455(2) 10.3196(4)
b, A 17.0082(3) 17.2042(1) 10.5162(2) 10.7682(5)
c, A 26.0697(4) 26.0805(2) 10.9829(2) 11.1672(5)
a, deg 90 90 110.245(2) 111.398(1)
B, deg 97.065(1) 97.419(1) 97.955(1) 96.827(1)
v, deg 90 90 104.283(1) 104.125(1)
vV, A3 7503.2(2) 7627.13(9) 1042.82(4) 1090.36(8)
z 4 4 2 2
Deatcs Mg /m3 1.720 1.735 1.706 1.670
W, ] 1.635 1.734 1.482 1.526
F(000) 3800.0 3924.0 528.0 544.0
Thetsergnge, 3.72 10 49.998 3.94 10 53.874 4.078 to 53.924 5.878 t0 61.102
-20<h <20 -21<h<21 -13<h<13 -14<h<14
Index ranges -20<k<20 -21<k<21 -13<k<13 -15<k<15
-30<1<30 -32<1<32 -13<1<13 -15<1<15
Total reflns 67629 80531 15561 58169
Ind. refins / 13201/0.0817 15871/0.0230 4326/0.0318 6644/0.0298
R(int)
Data/restraints/
parameters 13201/0/954 15871/0/954 4326/0/274 6644/0/274
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— ———————————/"—/—/"/"8 @¥—¥"—/¢\! Y
Completeness
t0 Omax, %

100 96.1 95.4 99.6
GooF( F?) 1.039 1.141 1.051 1.043
R1=10.0594, R1=0.0267, Ri=
R1/wR2 WR2 = 0.1427 R1 =0.0246, WR2 = 0.0223,
[1>26(1)] WR2 = 0.0521 0.0597 WR2
0.0550
R1=10.0741, R1=10.0294, Ri=
R1/wR: [all WR2 =0.1499 R1 =0.0266, WR2 = 0.0281,
data] WR2 = 0.0528 0.0610 WR2 =
0.0574
Largest diff
- 3.36/-1.45 1.30/-0.72 0.44/-0.51
geak/hole, eA 1.28/-1.02
Table S1. Crystallographic information of compounds 3.2-3.5.

Section — 2: ORTEP diagram of compound 3.2

F1

Figure S1. ORTEP diagram of 3.2. The thermal ellipsoids are shown at a 40% probability level

Solvent molecule and all hydrogen atoms were omitted for clarity.
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Section — 3: Te-F (BF4) interaction distances of compound 3.2

Table S2. Bridging anion Interaction with Tellurium [A].

Te(1)-F(5) 3.018
Te(2)-F(3) 2.636
Te(3)-F(2) 2.607
Te(4)-F(6) 2.623

Table S3. Capping anion Interaction with Tellurium [A].

Te(1)-F(12) 2.800
Te(1)-F(16) 2.891
Te(2)-F(12) 2.937
Te(2)-F(16) 2.937
Te(3)-F(15) 3.079
Te(3)-F(11) 2.943
Te(4)-F(11) 2.840
Te(4)-F(15) 3.028

Section — 4: Bond lengths and bond angles for compound 3.2

Table S4. Selected bond lengths [A] and angles [°] for 3.2

Te(1)-0(1) 1.942(4)
Te(2)-0(1) 1.961(4)
Te(3)-0(2) 1.958(4)
Te(4)-0(2) 1.947(4)
Te(1)-O(1)-Te(2) 125.2(2)
Te(3)-0(2)-Te(4) 122.2(2)
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ESI mass spectral analysis of compound 3.2

719.0076

1077.0042

966.9508

1503.0056

1346.9500

608.9523 1772.9526

451.0585 1909.0032
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Section — 6: 125Te, 1°F, 1B, 'H, 13C NMR spectral analysis of compound

—1150.79
—1147.18
—1143.54
—1085.46
—1081.51

Vi

T T T T T T
1150 1140 1130 1120 1110 1100 1090 ppm

Figure S3. '2Te NMR spectrum of 3.2 in CDCl; at room temperature.
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Figure S4. ’F NMR spectrum of 3.2 in CDCls at room temperature.
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* Broad signal due to borosilicate NMR tube used.

Figure S5. ''B NMR spectrum of 3.2 in CDCI3 at room temperature.
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Figure S6. 'H NMR spectrum of 3.2 in CDCl3 at room temperature.

—162.26
—135.44
—125.23

* impurity

| |

—115.61

55.57

T T T T
200 180 160 140

T
120

T
100

T
80

T
60

T
40

T
20

T
0 ppm

Figure S7. '*C NMR spectrum of 3.2 in CDCI; at room temperature.
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Section — 7: FT-IR spectral analysis of compound 3.2
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Figure S8. FT-IR spectrum of 3.2
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Section — 8: ORTEP diagram of compound 3.3

Figure S9. ORTEP diagram of 3.3 The thermal ellipsoids are shown at a 40%
probability level. Solvent molecule and all hydrogen atoms were omitted for clarity.
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Section — 9: Te-O (perchlorate) interaction distances of compound 3.3

Table S5. Bridging anion (perchlorate) Interaction with Tellurium [A].

Te(1)-0(3) 2.658
Te(2)-0(7) 2.636
Te(3)-0(11) 3.084
Te(4)-0(4) 2.685
Te(1)-0(3) 2.658

Table S6. Capping anion (perchlorate) Interaction with Tellurium [A].

Te(1)-O(11) 2.963
Te(1)-O(15) 3.099
Te(2)-0(11) 2.885
Te(2)-0(15) 3.085
Te(3)-0(12) 2.841
Te(3)-O(16) 2.911
Te(4)-0(12) 2.955
Te(4)-O(16) 3.081

Section — 10: Bond lengths and bond angles of compound 3.3

Table S7. Selected bond lengths [A] and angles [°] for 3.3

Te(1)-0(1) 1.9487(18)
Te(2)-0(1) 1.9602(17)
Te(3)-0(2) 1.9434(18)
Te(4)-0(2) 1.9677(17)
Te(1)-0(1)-Te(2) 122.01(9)
Te(3)-0(2)-Te(4) 124.77(9)
Te(2)-0(1) 1.9602(17)
Te(3)-0(2) 1.9434(18)
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Section — 11: ESI mass spectral analysis of compound 3.3
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1158.9469
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Analysis Info Acquisition Date  12/21/2021 12:44:02 PM
Analysis Name  D:\Data\2021-data\PROF VB\DEC\258.d

Meathod tune_low.m Operator BDAL

Sample Name 258 Instrument  maxXis 255552 10138
Comment

Acquisition Paramater

Source Type ESI lon Polarity Paositive Set Nebulizer 0.3 Bar
Focus Mot active Sat Capillary 3000 v Set Dry Heater 180 °C
Scan Begin 50 miz Sat End Plata Offset 500 W Set Dry Gas 4.0 Limin
Scan End 2500 miz Seat Charging Voltage v Sat Divert Valve Waste
Set Corona 0nA Set APC| Heater 0°C
Intens. +h5, 0.0-2.0min #2-117
wiot
10
M54.8365 20568378
20588383
08 20558377
20528357 2057.83388
20608381
0e 2051.B355

20618410

UL

CaaHuallaOaeTeulraHm, MinNa, 2060.59364

4,
2000 54,9300
20529293
i+
2053930
1500 1+
2050.9287
1+
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142047928 i+
2046,9275 061338,
00 1+ 2062.0328
20459271 1+
1+ 063.0342
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Figure S11. ESI mass spectra of 3.3 experimental above and simulated below
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Section — 12: 'H, 3C NMR spectral analysis of compound 3
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Figure S12. "H NMR spectrum of 3.3 in CDCl; at room temperature.
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Figure S13. *C NMR spectrum of 3.3 in CDCl;3 at room temperature.
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Section — 13: FT-IR spectral analysis of compound 3
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Figure S14. FT-IR spectrum of compound 3.3

Section — 14: ORTEP diagram of compound 3.4
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Figure S15. ORTEP diagram of 3.4 The thermal ellipsoids are shown at a 40%
probability level. All hydrogen atoms omitted for clarity.

Section — 15: Te-F (BF4) interaction distances, bond lengths and bond angles of

compound 3.4

Table S8. Interaction [A], Bond lengths [A] and angles [°] for 3.4

Te(1)--F(1))
Te(1)-C(1) )
Te(1)-C(8) )
Te(1)-C(15) )
C(1)-Te(1)-C(8)
C(1)-Te(1)-C(15)
C(8)-Te(1)-C(15)

95

3.031
2.100(3)
2.101(3)
2.117(3)

95.31(10)
97.45(10)
94.95(10)
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Section — 16: ESI mass spectral analysis of compound 3.4
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Figure S16. ESI mass spectra of 3.4 (experimental)
Section — 17: 125Te F, 1B, 'H, 13C NMR spectral analysis of compound

746.76
744.67

<

746.765
744.668

T T T
1500 1000 500 0 ppm

Figure S18. 'Te NMR spectrum of 3.4 in CDCl3 at room temperature.

97



Chapter 3

~ Ll
o © @
= N
& =
T T
@ @
© @
N~
- =
T T
147.6 ppm
T T T T T T T T T
-60 -80 -100 -120 -140 -160 -180 -200 ppm

Figure S19. ’F NMR spectrum of 3.4 in CDCl;s at room temperature.
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Figure S20. ''B NMR spectrum of 3.4 in CDCI; at room temperature.
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Figure S21. '"H NMR spectrum of 3.4 in CDCI; at room temperature.
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Figure S22. *C NMR spectrum of 3.4 in CDCls at room temperature.
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Section — 18: FT-IR spectral analysis of compound 3.4
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Figure S23a. IR spectrum of compound 3.4
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Section — 19: ORTEP diagram of compound 3.5

o1
03

(o1

Figure S24. ORTEP diagram of 3.5 The thermal ellipsoids are shown at a 40%
probability level. All hydrogen atoms omitted for clarity.

Section — 20: Te-O (perchlorate) interaction distances, bond lengths and bond
angles of compound 3.5

Table S9. Interactions [A], selected bond lengths [A] and angles [°] for 3.5

Te(1)--0(2) 3.164
Te(1)-C(7) 2.1025(16)
Te(1)-C(1) 2.1034(16)
Te(1)-C(15) 2.1186(16)
C(7)-Te(1)-C(1) 95.61(6)
C(7)-Te(1)-C(15) 95.20(6)
C(1)-Te(1)-C(15) 97.47(6)
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Section — 21: ESI mass spectral analysis of compound 3.5
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Figure S25. ESI mass spectra of 3.5
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Section — 22: 125Te NMR spectral analysis of compound 3.5
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Section — 23: FT-IR spectral analysis of compound 3.5
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Figure S26. FT-IR spectrum of compound 3.5
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Section — 23: Bond valence calculation

Bond valence calculation. Numbers in brackets
after atom symbols are at.no., r and c -
see O"Keeffe and Brese, J.A.C.S. 1991, 113, 3226
[{(p-OMeCsHa4)2Te}2(n-O)(u-BF4)(n-BF4)]2

Te (52, 1.40,2.72) Rij Dij Vij
-0 (8, .63,3.15)2.03 1.94 1.26
-C (6, .78,2.00)2.17 2.09 1.23
-C (6, .78,2.00)2.17 2.08 1.26

Bond valence sum for Te 3.76

Te (52, 1.40, 2.72) Rij Dij Vij
-0 (8, .63,3.15)2.03 1.96 1.20
-C (6, .78,2.00)2.17 2.10 1.22
-C (6, .78,2.00)2.17 2.07 1.30

Bond valence sum for Te 3.72

Te (52, 1.40, 2.72) Rij Dij Vij

-O (8, .63,3.15)2.03 1.96 1.21
62

-C (6, .78,2.00)2.17 2.10 1.21
-C (6, .78,2.00)2.17 2.10 1.22

Bond valence sum for Te 3.64
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Te (52, 1.40, 2.72) Rij Dij
-0 (8, .63,3.15)2.03 1.95

Vij
1.24

-C (6, .78,2.00)2.17 2.11 1.17

-C (6, .78,2.00)2.17 2.07

Bond valence sum for Te 3.7

1.31

[{(p-OMeCsHa):Te}2(1-0)(u-Cl04) (n-C104)]2

Te (52, 1.40,2.72) Rij Dij
-0 (8, .63,3.15)2.03 1.95
-C (6, .78,2.00)2.17 2.10
-C (6, .78,2.00)2.17 2.11

Bond valence sum for Te 3.64

Te (52, 1.40, 2.72) Rij Dij
-0 (8, .63,3.15)2.03 1.96
-C (6, .78,2.00)2.17 2.10
-C (6, .78,2.00)2.17 2.08

Bond valence sum for Te 3.69

Te (52, 1.40, 2.72) Rij Dij
119

0 (8, .63,3.15)2.03 1.94
-C (6, .78,2.00)2.17 2.10
C (6, .78,2.00)2.17 2.09

Bond valence sum for Te 3.70

Te (52, 1.40,2.72) Rij Dij

Vij
1.24
1.22
1.18

Vij

1.20
1.21
1.27

Vij

1.26
1.20
1.24

Vij
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-O (8, .63,3.15)2.03 1.97 1.17
-C (6, .78,2.00)2.17 2.09 1.25
-C (6, .78,2.00)2.17 2.10 1.20

Bond valence sum for Te 3.63

(p-OMeCsH4)3TeBF4

Te (52, 1.40,2.72) Rij Dij Vij
-C (6, .78,2.00)2.17 2.10 1.20
-C (6, .78,2.00)2.17 2.10 1.20
-C (6, .78,2.00)2.17 2.12 1.15

Bond valence sum for Te 3.56

(p-OMe C6H4)3TeClO4

Te (52, 1.40, 2.72) Rij Dij Vij
-C (6, .78,2.00)2.17 2.10 1.19
-C (6, .78,2.00)2.17 2.10 1.19
-C (6, .78,2.00)2.17 2.12 1.14

Bond valence sum for Te 3.53
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Chapter 4

Star-shaped Te(VI)-Te(VI) complex and an octanuclear
heterometallic Te2Sbe oxo cluster

The reaction of telluric acid with di-organotellurium di chloride (R2TeCl2) and
tri-organoantimony dichloride (RsSbClz) has been carried out in binary solvent
using solvothermal synthesis method and isolated high phase purity two novel
mixed valent tellurium (V1) containing clusters TeV'[OTe'V(p-MeOCgH4)2Cl]s
(R = p-MeOC¢H4) (4.1) and [Te(u2-OsSbPh3)(OSbhsCl)]2 (4.2). The products
have been analyzed using standard spectroscopic and analytical methods and

optical band gap measurements discussed in this chapter.

4.1 Introduction:

Heavier main group organometallic compounds have been used as molecular
precursors in the field of material chemistry? and electrochemistry®. Metal ions when
present in varying oxidation state has a profound effect on the properties and functions
of the assembled complexes. Chandrashekar et al. have reported tellurasiloxane
clusters TesSisO12 and TeeSisO1s exhibiting interesting molecular architectures.*
Organoantimony(V) compounds have been used as staring material for synthesizing
multinuclear clustes by treating with various protic acid.>’ The first organotellurium
compound was synthesized by hydrolysis of CgHsTe[S2P(OEt).], which contained
both tellurium (1V) and tellurium (V1).2 Later M. Driess et. al synthesized
[(MesSiO)sTe202] and [(MesSi20)3Te] by reaction of Te(OH)s with MezSiNEt,and

Me4Six(NEt,). respectively.® Beckmann and his co-workers reported organo group

112



Chapter 4

containig tellurostannoxane. Tellurates forms adducts with phosphate, sulphate, and
urea through hydrogen bonding interactions.'®'! Mono-substituted tellurate clusters
demonstarted H; evolutiuon via photo- decomposition route.'? In generally tellurate
(TeOg) ions have been used as exllent luminous capabilities after Mns*

incorporation.t*

The triphenylantimony(V) derivatives are substantially more chemically stable
and have been used to develop covalent oxide materials. The triphenyl antimony
(PhsSb*?) cations interactions with oxianions are essential for the formation of either
discrete oxoclusters or polymers. From our group we have reported isolation of eight
membered organoantimony rings incorporating a phosphorus or selenium®® atom.
Tetraorganoditelluroxane moiety have been shown to stabilize organoantimony based
POM structure.'® Here in, non-aqueous medium has been employed for synthesizing
two mixed vallent organo tellurate clusters.. SCXRD studies has revealed the
formation of interesting molecular architectures in solid state. The synthesis and
structural analysis of the compounds are discussed in this chapter.

4.2 Experimental section

4.2.1 Reagents and general procedures

Chemicals TeCls, Te(OH)s, Ph3Sb were purchased from Sigma Aldrich Ltd. Solvents
and other general reagents were purchased from a commercial source and purified
according to standard procedure. Bis-(p-methoxyphenyl) Tellurium dichloride and
triphenyl antimony dichloride was synthesized according to the previously reported
procedure.r’* The yields of clusters were calculated based on telluric acid for isolated
crystals and were used under high vacuum for one hour before being subjected to

spectroscopic and analytical analysis.
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4.2.1 Instrumentation

Infrared spectra were recorded with a NICOLET Is5 FTIR spectrometer. Single crystal
X-ray data were collected at 293 K carried out by Rigaku Oxford Xta- Lab synergy
diffractometer with the graphite monochromator with a Mo Ka (A=0.71073 /0\)
microfocus sealed tube operated at 50 kV and 1mA. The data was solved and refined
using OLEX software 2-1.2. 20 CCDC (2260626 and 2260969) for 4.1 and 4.2

4.2.2 General synthetic procedure

RoTeClz is dissolved in acetonitrile, then added to 1 ml of telluric acid (0.1 mol/L
DMF) solution is added to reaction mixture. Triethyl amine is added then and kept for
stirring at room temperature. The solution was sealed and heated gradually to 90 °C
for two hours and continued for 24 hours, then cooled to 25°C over a period of 48
hours. The reaction mixture was filtered and colorless crystals suitable for SCXRD
was isolated from the reaction mixture solution. Crystals were grown from acetonitrile/

DMF and methanol/ DMF mixture for compound 4.1 and 4.2 respectively.
4.3 Results and Discussion:

Under solvothermal conditions, we synthesized two novel clusters by reacting telluric
acid with bis (p-methoxyphenyl) tellurium dichloride, yielding compound (4.1)
TeV'[OTeV(p-MeOCsH4)2Cl]s (R = p-MeOCgH4) and triphenyl antimony trichloride
gives compound (4.2) [Te(u2-OsSbPh3)(OSbhsCl)]2 in the presence of trimethylamine
using bainary solvent as a medium. 4.1 and 4.2 were obtained as colorless crystals.
The compound 4.1 and 4.2 were characterized by standard spectroscopic and
analytical methods. Both the compounds have poor solubility in common organic
solvents such as acetonitrile, chloroform, dichloromethane DMF, DMSO, and
methanol. Telluric acid infrared spectra show a strong broad band spectra at 2950 cm”
of OH. Te=0 has two medium bands at 1215 and 1124 cm’, and a weak band at 632
cm’. These telluric acid spectra when compared with synthesized clusters
TeV'[OTeV(p-MeOCsH4)2Cl]s (1) and [Te(H2-OsSbPhs), (OSbPhsCI)]2 (2) a strong

114



Chapter 4

broad band disappeared in synthesized clusters due to O—H bond cleavage, and
forming Te—O—Te (1) and Te—O—Sb (2) bond formed. The IR spectrum of 4.1
and 4.2 the band in the range from 801 to 580 cm™ mainly results from the Te—O,
Sb—O, and aromatic groups. The thermal properties of 4.1 and 4.2 organo metal
tellurate cluster was studied by thermogravimetric analysis (TGA) in an N:
atmosphere from 30 to 800. The TGA studies of 4.1 and 4.2 organo metal tellurate
cluster revealed that stability up 285 ‘C and 277 "C respectively. 1 and 2 crystals
collected from Teflon tube to make fine powder

for powder X-ray diffraction data for the conformation of phase purity bulk of

compounds.
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4.3.1 X-ray single crystal analysis 4.1 to 4.2

Compound 4.1 crystallize in crystal system of triclinic in space group p-1 and has an
octahedrally Te (VI) atom present in the center which is connected to Six Te (IV)
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atoms through oxo linkage. The Te (IV) ion are tetra-coordinated in geometry. X-ray
crystal structural data and refinement details are given in (Table 1) below. Compound
4.1 molecular structure in the solid-state molecular single crystal structural analysis
shows the asymmetric unit on complete growth giving a discrete TeV'[OTe'V(p-
MeOCsHa)2Cl]s molecules. In the compound (4.1), the centre element tellurium (V1)
is connected to six oxygen atoms, giving a high symmetric octahedral connectivity
with an average bond distance of Te(VI)—O is 1.928 (15) A when compared to bond
distance of telluric acid (TeOgHs) of Te—O is less(1.901 A). These six oxygens further
connected to six tellurium atoms each [O—Te(1V)] with an average diastnce of 2.0563
(16) A is longer distance when compare with Te(V1)—O, overally these oxygens are
acting as bridging atom between Te(VI1) and Te(I1V), Te(VI)—O—Te(IV). Te(IV)
connected to two (p-methoxy phenyl) groups perpendicularly and one chloride axially
(Figure 1). Bond angle Te(VI)—O—Te(lV) is 124.51° (8) this parameter falls in the
literrature range TeV'[OTe'V(CsHs)(Edtp)]s is 121.4° and Te(OTeF5) is 139.0°.81° The
geometry around Te(VI) octaherdal shown (Figure c) with polyhedral representaion
and Packing diaram of in uint cell six molecules arranged in circle mode shown in
(Figure 1d).
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Figure 1. Solid state molecular crystal structure of 4.1, (a), and its core structure (b) hydrogen atoms
are omitted for clarity. Thermal ellipsoids are drawn at 407 probability. (¢) Octahedral geometry

around central Te atom polyhedral representation, (d) packing diagram in a unit cell.

The molecular structure of compound 4.2 [Te(2-OsSbPhs), (OSbPh3sCl)] (Figure 2)
is as follows. It contains a central butterfly type of a Te2Sh, fragment held together by
two ps-bridging oxygenated and four pe-bridging oxygen atom [Te(us-O)(Me-
0)2SbPhgz]2. This central butterfly core is flatted on each side by two Sb (V) atoms.
One of the Sb(V) atom is bound to Te(VI) atom through two p2-bridging oxygen
forming a four membered ring [Te(p-0)2Sb]2 while the other antimony is a pendant
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Figure 2. (a) Solid state molecular crystal structure of 4.2, (b) its core structure, (c) Polyhedral
representation and packing diagram of unit cell. all hydrogen atoms are omitted for clarity. Thermal

ellipsoids are drawn at 407 probability.

atom connected through oxygen (Te-O-Sb) of the Te(VI) atom of the central unit
makes the overall Te>Sbs 0xo cluster. Selected metric parameters given in analytical
data. Each Te atom is here coordinated by six oxygen atoms, geometry around this
tellurium is slightly distorted octahedral [TeOs] and around antimony in pentagonal
bipyramid [SbC304]. The butterfly core antimony atoms coordinated to four oxygens
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and three phenyl rings overall 7, while the other four Sb atoms 5- coordinated. The
selected metric parameter given in the supporting information (Table S4). The bond
distance between tellurium to oxygen, antimony to oxygen in the butterfly core fall in
the range of (Te—0) 1.91 A-2.05 A, and (Sbz—O0) 2.10 A-2.71 A. The bond angles
of Te—O—Sb is in the range of 91.58° (13) to 129.30° (12) (Figure 2b). The other
three more oxygens from each tellurium bond distance in the range 1.86 A-2.01 A, out
of this three two oxygen are connected one antimony forming a four membered ring
[Te(u-O)2Sb] in this ring bond angle of Te;:—O>—Sb; is 102.89° here antimony
contains three phenyl rings. Bond angle of pendant unit Te;-—O—Sby is 144°, here
antimony contains chloride alonfg with three phenyl rings. All this bond distances and
bond angle are comparable erlier repoted literratute range.*®? Since this cluster are
not soluble in any other organic solvents and mixture of organic solvent, the
characterization carried out using solid state techniques such as powder Xray

diffraction, UV absorption spectra (Figure. S6).

—— Powder pattren
—— Powder pattern —— Simulated single crytsal pattren

—— Simulated single crystal pattern

Relative intensity (a.u.)

Relative intensity (a.u.)

20 40 20 4'0
20 (Degree) 20 (Degree)

Figure 3. Simulated and index powder X-ray diffraction pattern of 4.1 (a) and 4.2 (b).
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Quantitative results

Ful Scale 4221 cts Cursor. 0.000 keV

(a). SEM EDAX image of 4.1, (b). Crystal surface, (c) Area used for quantitative
elemental finding, (d). Identified elements, (e). Elements weight % of cluster 4.1

Quantitative results

C O CI sb Te

Full Scale 4221 cts Cursor: 0.000 keV,

(@). SEM image of 4.1, (b). Crystal surface, (c) Area used for quantitative
elemental finding, (d). Identified elements, (e). Elements weight % of cluster 4.2
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4.4 Optical studies
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Figure 4. Solid state UV- visible spectroscopy graph of Telluric acid, 4.1 (1), and (4.2) 2 and Tauc
plots of telluric acid, (4.1) 1 and (4.2) .

UV-visible absorption spectra in solid states were recorded 200 to 500 nm wave length
range for studying of telluric acid, 4.1 and 4.2 clusters. The optical band gap (EQ)

values of 4.1 and 4.2 calculated and compared with telluric acid by using Tauc
equation.

(ahv)" =A(hv-EQ)

Eg = Band gap
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A = Constant
h = Plank constant
v = photons frequency

a = Absorption Co-efficient

The type of electron transition is denoted by the 'n’ factor, whereas n values of either
1/2 or 2 indicate the direct and indirect energy band gaps, respectively.?! Between
(ahv)2 and hv, a graph was plotted. It was possible to calculate the optical bandgap
(Eg) through the process of extrapolating the tangent lines to the X-axis (also known
as equaling 0). The energy band gap is obtained from the fundamental peak’s linear fit.
The x-coordinate (abscissa) for the slope that is located below the fundamental
absorption peak is determined using a linear fit. The energy band gap is shown by the
junction of the two linear fitting curves. Therefore, the estimate of bandgaps using this
baseline technique is correct. All semiconducting materials with little absorption can
be employed with this technique. The resultant band gap values may be skewed during
this approach is used to materials (surface modified, doped, defected, or bulk) that
display a considerable absorbance at energies below band gap energy (Eg).?? The
direct band gap (Eg) of the telluric acid Te(OH)s is 4.56 eV. The calculated band gap
has been observed for TeV'[OTeV(p-MeOCgsHa)-Cl]s (4.1) is 2.86 eV and [Te(uz-
OsSbPhs)> (OSbPh3Ch]2 (4.2) is 2.7 eV. When moving from telluric acid [Te(OH)6]
to main group binary metal mixed valent clusters, a discernible narrowing of the band

gap can be seen.

4.5 Infrared spectroscopy analysis for4.1 and 4.2:

The Fourier transform infrared spectroscopy (FTIR) used to record spectra with a
"NICOLET Is5 FTIR spectrometer in the range of 400- 4000". Telluric acid infrared
spectra show a strong broad band spectra at 2950 cm™ of OH. Te=0O has two medium
bands at 1215 and 1124 cm’, and a weak band at 632 cm™. These telluric acid spectra
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when compared with synthesized clusters TeV'[OTe"V(p-MeOCsH4)2Cl]s (4.1) and
[Te(p2-OsSbPhz)2 (OSbPhsCl)]2 (4.2) a strong broad band disappeared in synthesized
clusters due to O—H bond cleavage, and forming Te—O—Te (4.1) and Te—O—Sb
(4.2) bond formed. The IR spectrum of 4.1 and 4.2 the band in the range from 801 to

580 cm™* mainly results from the Te—O, Sb—O, aromatic groups.
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4.6 Thermal analysis:

The thermal properties of 4.1 and 4.2 organo metal tellurate cluster was studied by
thermogravimetric analysis (TGA) in an N2 atmosphere from 30 to 800. The TGA
curve shown in the Figure 6. The TGA studies of 4.1 and 4.2 organo metal tellurate
cluster revealed that stability up 285 °C and 277 "C respectively.

a b
100

804 754

60+

50

Weight (%)

40

Weight (%)

25
20
7.08% T€03

9.46 %

T T T T T T T
200 400 600 800 200 400 600 800

Temaperature (°C) Temperature (°C)

Figure 6. Thermogravimetric analysis 4.1 (a) and 4.2 (b).

4.7 Conclusion

we synthesized high phase purity two novel mixed valent containing main group metal
organotellurium and organoantimony with tellurates forming clusters by solvothermal
method in non-aqueous medium by using organic binary solvent. The isolated
compound 4.1 has octahedral tellurate connected to diorganotellurium chloride
[TeOs(TeR2Cl)e] and butterfly (Te-u-O2SbPhs) core contain novel octanuclear cluster.
These synthesized mixed valent metal clusters solid state structural characterization

detailed in this paper. These synthesized mixed valent metal clusters optical properties

investigated.
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Analytical and
Spectroscopic data
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Table S1. Crystallographic information of compounds 4.1 and 4.2

Identification code 4.1 4.2

Empirical formula CesHgoClsO18Te7  Co2H73Cl2012SbsTe,

Formula weight 2483.38 2468.15

Temperature/K 293.36(14) 115(1)

Crystal system triclinic triclinic

Space group P-1 P-1

alA 13.49630(10) 13.01540(10)

b/A 13.61670(10) 18.86980(10)

c/A 13.69790(10) 20.1970(2)

a/° 91.8480(10) 83.5220(10)

p/e 90.3450(10) 82.2410(10)

v/° 100.1340(10) 75.5650(10)

Volume/A3 2476.60(3) 4743.54(7)

Z 1 2

peaicg/cm?® 1.665 1.728

p/mm? 2.253 2.400

F(000) 1194.0 2374.0

Crystal size/mm? 0.1x0.1x0.08 0.1x0.08x0.04

Radiation MoKa (A= MoKa (A =
0.71073) 0.71073)

20 range for data collection/°  3.918 to 53.95 3.7510 53.972

Index ranges -16<h<17, -16 <h <16,
-16 <k <17, -22 <k <23,
-16<1<17 -24<1<25
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Reflections collected

Independent reflections

Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c (I)]

Final R indexes [all data]

Largest diff. peak/hole / e A

42754
10322 [Rint =
0.0163,

Rsigma = 0.0162]
10322/882/530
1.098

R = 0.0287,
WR2 = 0.1109
R1 = 0.0315,
WR2 = 0.1130
2.07/-0.82
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107173
19724

[Rint =0.0419,
Rsigma = 0.0335]
19724/1993/1055
1.061

R1 = 0.0518,
WR; = 0.1313

R: = 0.0587,
WR; = 0.1366
4.67/-3.99
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Table S2. Bond Lengths for 4.1

Atom Atom Distance Atom Atom Distance ‘
Tel O3 1.9284(15) C6 C1 1.374(4)
Tel | 03' | 1.9284(15) 05 C27 | 1.356(4)
Tel 01! | 1.9272(15) O5  C30  1.433(5)
Tel |01 | 1.9272(15) C24 | C29  1.386(4)
Tel 02  1.9262(15) C24 C25  1.381(4)
Tel | 02! | 1.9262(15) C43  C42  1.389(4)
Te2 CI1  2.5859(7) C39 C40  1.378(4)
Te2 | 02 2.0563(16) C35 C36 | 1.370(4)
Te2 C8  2.096(3) C35 C34  1.389(4)
Te2 | C6 2.104(3) C29 C28  1.389(4)
Ted Cl2  2.6025(7) C28 C27  1.374(4)
Te4 |01 | 2.0518(15) C40  C41  1.386(4)
Ted C16  2.094(3) C5 C4 1.374(4)
Ted C24  2.097(2) C34 | C33  1.384(4)
Te3 CI3  2.5943(7) C21 C20  1.385(4)
Te3 | 03 | 2.0597(16) C33 C32  1.385(4)
Te3 C31 2.101(2) C10 Cl1  1.384(5)
Te3 | C38  2.108(3) C2 C3 1.374(4)
09 C34 1.358(3) C2 C1 1.388(4)
09 C37 1.437(4) Cl3 | Cl12  1.369(4)
08 C41  1.360(3) C4l  C42  1.378(4)
08 | C44 | 1.424(4) C3 C4 1.380(4)
06 C3 1.359(3) o7 Cl1  1.563(7)
06 | C7  1.418(4) O7 | COAA 0.811(13)
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C31 C36  1.392(4) C27 C26  1.385(5)
C3l C32 1.381(3) C25 C26  1.373(4)
C8 C9  1.382(4) 04 C19 1.352(4)
C8 C13 | 1.384(4) 04  C23  1.372(6)
Cl6 C21  1.376(4) Cl2 Cl1  1.386(5)
Cl6 C17  1.388(4) Cl7 C18  1.368(4)
C9 C10 1.376(4) Cll  COAA 1.752(13)
C38 C43 | 1.379(4) C20 C19  1.377(5)
C38 C39  1.391(4) Cl9 CI18  1.399(5)

C6 C5  1.388(4)

Table S3. Bond Angles for 4.1.

Atom Atom Atom  Angle/’ Atom  Angle/*
o3t  Tel 03 180.0 C1 C6 Te2 119.5(2)
01 Tel 03! 88.86(7) C1 C6 C5 119.4(2)
Ol Tel 03 91.14(7) c27 | 05 C30  118.0(3)
O1! Tel 03 88.86(7) C29 C24 Ted 120.42(19)
O1! Tel 03t 91.14(7) C25 C24 Ted 119.6(2)
o1 Tel 01! 180.0 C25 C24 C29 119.9(3)
02 Tel 03 90.98(7) C38 | C43 C42 | 120.3(3)
02 Tel O3 89.01(7) C40 C39 C38  119.8(3)
02! Tel 03 89.02(7) C36 | C35 C34 | 120.3(3)
02! Tel O3 90.99(7) C35 C36 C31  120.0(2)
02 Tel 0O1' 91.42(7) C24 C29 C28  119.9(3)
02t Tel 01!  88.58(7) C27 C28 C29  119.9(3)
02 Tel O1  8858(7) C39 | C40 C41 | 120.4(3)
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02!
02!
02
02
02
C8
C8
C6
01
O1
01
C16
Cl6
C24
03
o3
03
C31
C31
C38
Tel
Tel
Tel
C34
C41
C3
C36
C32

Tel
Tel
Te2
Te2
Te2
Te2
Te2
Te2
Ted
Te4
Ted
Te4
Ted
Te4
Te3
Te3
Te3
Te3
Te3
Te3
03

o1

02

09

08

06

C31
C31

01
02
cl1
C8
C6
cl1
C6
cl1
Cl2
C16
C24
Cl2
C24
ClI2
CI3
C31
C38
CI3
C38
CI3
Te3
Ted
Te2
C37
C44
C7
Te3
Te3

91.42(7)
180.0
172.81(5)
86.98(8)
89.03(8)
87.10(7)
97.76(10)
87.72(7)
172.19(5)
87.36(8)
88.49(8)
86.99(7)
98.30(10)
87.00(7)
173.28(5)
87.07(8)
88.45(8)
87.80(7)
96.97(10)
87.88(7)
123.23(8)
123.91(8)
124.51(8)
117.5(2)
117.9(3)
118.6(3)
118.27(18)
122.10(19)

C4
09
09
C33
C16
C34
C9
C31
C3
Ci12
08
08
C42
06
06
C2
COAA
C5
05
05
C28
C26
C19
C6
C41
C13
C25
C18
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C5
C34
C34
C34
C21
C33
C10
C32
C2
C13
C41
C41
C41
C3
C3
C3
o7
C4
C27
C27
C27
C25
04
C1l
C42
C12
C26
C17

C6

C35
C33
C35
C20
C32
Cl1
C33
Cl

C8

C40
C42
C40
C2

C4

C4

Cl1
C3

C28
C26
C26
C24
C23
C2

C43
Cl1
C27
Cl6

119.8(3)
115.7(3)
124.3(2)
120.0(3)
120.6(3)
119.5(2)
119.4(3)
120.5(3)
119.5(3)
119.4(3)
114.9(3)
125.3(3)
119.8(3)
125.0(3)
115.2(3)
119.8(3)
89.3(11)
120.7(3)
123.9(3)
116.1(3)
119.9(3)
119.9(3)
118.4(4)
120.7(3)
119.9(3)
120.2(3)
120.5(3)
119.4(3)
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C32 C31 C36 119.6(2) Cl0 Cll 07  107.9(4)
CO9 C8 Te2 116.96(19) CI10 Cll | Cl2  120.4(3)
C9 C8 Cl13 120.6(3) Cl0 Cll1 COAA 1353(4)
Cl3 C8  Te2 | 122.4(2) 07 Cll  COAA 27.6(3)
C21 C16 Te4 117.2(2) Cl2 C11 07  1317(4)
C21 Cl6 Cl17  120.2(3) Cl2 ' Cll  COAA 104.3(4)
Cl7 C16 Ted 122.6(2) Cl9 C20 C21 119.4(3)
ClI0 C9 C8  120.0(3) 04 | Cl9 C20 1256(4)
C43 C38 Te3  120.2(2) 04 Cl9 C18 114.6(3)
C43 C38 C39  119.8(2) C20 C19 C18 119.8(3)

C39 C38 Te3 120.03(19) C17 C18 Cl19  120.6(3)
C5 C6 Te2 | 121.09(19) O7  COAA Cl1  63.1(11)

Powder pattren

— Simulated single crytsal pattren

Relative intensity (a.u.)

20 40
20 (Degree)
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Figure S2: Powder X-ray diffraction pattern of a bulk sample of 1 compared to the

simulated powder pattern extracted from single-crystal diffraction data.
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Figure S3. Infrared spectra of cluster 4.1

EHT = 3.00 kv Signal A = SE2 Date :11 Jan 2023
WD = 8.3 mm Mag= 200X Time :15:53:22
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Spectrum 1
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Element

Cl

Te

Calculated Measured
weight% weight%
from EDAX
analysis
40.60 40.01
11.60 11.26
8.58 8.42
35.98 35.82
3.23 Not Detected
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Figure S6: Solid-state UV-vis absorption spectrum of Cluster 4.1
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Figure 6. Thermogravimetric analysis of 4.1.
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Table 4. Bond Lengths, bond Angles for 4.2

Atom Atom Length/A Atom Atom Atom  Angle/” ‘

Tel | Sb3! | 3.1566(5) Sb3 Tel  Sb3!  65.869(14)
Tel | Sb3 | 3.1418(5) Sbl Tel | Sb3 | 122.231(16)
Tel | Sbl | 3.0669(5) Sbl Tel  Sb3!  115.332(16)
Tel |06 |2.048(4) @ O6 Tel | Sb3! | 43.23(12)
Tel 04  1911(4) O6 Tel  Sb3  42.38(11)
Tel (05 | 1.917(4) 06 Tel | Sbl | 96.09(11)
Tel |02 | 1.938(4) 04 Tel  Sb3'  37.19(13)
Tel |03 | 1.896(4) @ O4 Tel | Sb3 | 89.31(13)
Tel 01  1.863(4) O4 Tel  Sbl  127.63(13)
Sb3 06  2.135(4) O4 Tel 06  80.04(17)
Sb3 06!  2.176(4) 04 Tel 05  94.83(18)
Sh3 04  2.001(4) ©O4 Tel 02  88.62(18)
Sb3 05  2.011(4) O5 Tel  Sb3'  91.58(13)
Sb3  C83 2.123(6) @ O5 Tel | Sb3 | 37.94(13)
Sb3  C84 2.119(6) 05 Tel  Sbl  136.36(13)
Sbl 02  1.990(4) O5 Tel 06  80.22(17)
Sbl 03  2.094(4) O5 Tel 02  173.13(19)
Sbl  C55  2.098(7) 02 Tel | Sb3! | 87.58(13)
Sbl C61 2.116(7) 02 Tel  Sb3  136.43(13)
Sbl  C49 2.153(7) 02 Tel | Sbl | 39.27(13)
Sb2 CIl  2495(2) 02 Tel 06  9457(17)
Sb2 Ol  2013(5) O3 Tel  Sb3! | 132.74(14)
Sh2 C72  2.096(8) O3 Tel  Sb3  91.81(13)
Sb2 | C90  2.101(8) O3 Tel |Sbl  42.21(13)
Sh2 C66 20891 O3 Tel 06  91.87(18)

136



Chapter 4

Atom
06
04!
04!
04!
04!
04!
04!
04!
05
05
05

Atom Atom
Sh3 06!
Sb3 | Tel
Sb3  Tel!
Sh3 06
Sb3 06!
Sh3 05
Sh3  C83
Sb3 C84
Sb3  Tel
Sb3 | Tell
Sh3 06!

03 Tel 04
03 Tel 05
(OX] Tel 02
01 Tel Sb3
01 Tel Sb3!
o1 Tel Sh1
01 Tel 06
01 Tel 04
01 Tel 05
01 Tel 02
01 Tel 03
Tel Sh3 Tel!
06! Sb3 Tel!
06* Sh3 Tel
06 Sh3 Tel
06 Sb3 Tell
Angle/*

74.85(17)

129.30(12)

35.24(12)

89.31(16)

75.03(16)

162.55(17)

92.7(2)

100.2(2)

35.87(12)

131.67(12)

91.76(16)
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166.65(19)
94.21(18)
81.41(18)
131.17(14)
129.21(15)
94.46(14)
169.29(18)
92.02(19)
93.41(19)
92.40(19)
97.2(2)
114.133(14)
40.13(11)
84.13(11)
40.29(11)
84.41(11)
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05
05
05
C83
C83
C83
C83
C84
C84
C84
C84
C84
02
02
02
02
02
03
(OX]
03
03
C55
C55
C55
C61
C61
C49

Sh3
Sh3
Sh3
Sh3
Sh3
Sh3
Sh3
Sh3
Sh3
Sh3
Sh3
Sh3
Shl
Sb1l
Sb1l
Shl
Sb1l
Sb1l
Shl
Sb1l
Sb1l
Shl
Sb1l
Sb1l
Sbl
Sbl
Sb1l

06
C83
C84
Tel
Tel!
06?
06
Tel!
Tel
06
06?
C83
Tel
03
C55
C61
C49
Tel
C55
C61
C49
Tel
C61
C49
Tel
C49
Tel

76.06(16)
98.2(2)
91.0(2)
97.23(17)
127.93(19)
164.8(2)
96.3(2)
92.67(17)
125.78(17)
159.2(2)
89.7(2)
101.6(2)
38.06(12)
75.46(17)
117.7(2)
126.8(2)
88.1(2)
37.46(12)
91.7(2)
85.9(2)
162.1(2)
109.62(18)
112.1(3)
102.3(3)
107.99(19)
98.8(3)
125.55(19)
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—— Powder pattern
— Simulated single crystal pattern

Relative intensity (a.u.)
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Figure S9: Powder X-ray diffraction pattern of a bulk sample of 4.2 compared to the
simulated powder pattern extracted from single-crystal diffraction data.
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Figure S10. Infrared spectra of cluster 4.1

EHT = 3.00 kv Signal A = SE2 Date :11 Jan 2023
WD = 86mm Mag= 57X 51:40

10 pm* EHT = 3.00 kv Signal A = SE2 Date :11 Jan 2023 EI
WD = 84 mm Mag= 1.00KX Time :14:52:30
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Spectrum 2
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Weight%
s 8 & &8 8

(BN
o

Quantitative results

C o) Cl

Te

Figure S11: EDAX spectrum of cluster 4.2.

Element

Cl

Sb

Te

Calculated

weight%
45.52
7.93
2.90
30.10
10.52

3.03

Measured weight%

from EDAX analysis

45.32

7.92

2.87

30.01

10.42

3.01
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Absorbance (a.u.)
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Figure 6. Thermogravimetric analysis and 4.2.
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checkCIF (basic structural check) running

Checking for embedded fcf data in CIF ...
No extractable fcf data in found in CIF

checkCIF/PLATON (basic structural check)

You have not supplied any structure factors. As a result the full set of tests cannot be run.
THIS REPORT IS FOR GUIDANCE ONLY. IF USED AS PART OF A REVIEW PROCEDURE FOR

PUBLICATION, IT SHOULD NOT REPLACE THE EXPERTISE OF AN EXPERIENCED CRYSTALLOGRAPHIC

REFEREE.

You have not supplied any structure factors. As a result the full set of tests cannot be run.
No syntax errors found. CIF dictionary

Please wait while processing .... Interpreting this report

Structure factor report

Datablock: Compound-5

Bond precision: C-C = 0.0220 A Wavelength=0.71073

Cell: a=15.3504(5) b=16.2441 (5) c=16.3271 (5)

alpha=82.150(2) beta=89.207(3) gamma=84.745(2)

Temperature: 100 K

Calculated Reported

Volume 4016.1(2) 4016.1(2)

Space group P -1 P -1

Hall group -P 1 -P 1

Moiety formula Cl68 H172 030 P6 Teb, 2(C7 Cl68 H172 030 P6 Teo,
H8) H8)

Sum formula Cl182 H188 030 P6 Teb C182 H188 030 P6 Teb

Mr 3806.76 3806.73

Dx,g cm-3 1.574 1.574

Z 1 1

Mu (mm-1) 1.210 1.210

F000 1922.0 1922.0

F000" 1920.20

h, k, lmax 15,16,16 15,16,16

Nref 8420 8356

Tmin, Tmax 0.897,0.908 0.754,1.000

Tmin' 0.897
Correction method= # Reported T Limits: Tmin=0.754

Tmax=1.000 AbsCorr MULTI-SCAN

Data completeness= 0.992 Theta (max)= 20.815

R(reflections)= 0.0671( 5256) wR2 (reflections)=
0.1888( 8356)

S =1.030 Npar= 1031
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https://journals.iucr.org/services/cif/checking/checkcifreport.html
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Datablock Compound-5 - ellipsoid plot
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Te

Te

Figure. E1. Solid state molecular crystal structure of compound 5 (top), its core structure (left below) and star shape
core (right below) hydrogen atoms are omitted for clarity. Thermal ellipsoids are drawn at 507 probability.
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Datablock: Compound-6

Bond precision:

C-C = 0.0311 A

Wavelength=0.71073

Cell: a=23.20900 b=16.62600 c=26.62700
alpha=90 beta=114.3400 gamma=90
Temperature: 100 K
Calculated Reported
Volume 9361.382 9361
Space group C 2/c cC1l2/c1
Hall group -C 2yc -C 2yc
Moiety formula C82 H68 014 P2 Ted4, 2(C6 HH), 0.8(C94 H78 014 P2 Te4d),
2(C6 H2), 2(Cl) 1.6(Cl), 1.6(C6 H2)

Sum formula

Mr

Dx,g cm-3
Z

Mu (mm-1)
F000
F000"

h, k, Imax
Nref
Tmin, Tmax
Tmin'

Correction method=
Tmax=1.000 AbsCorr
Data completeness=
R(reflections)= 0.0801( 5629)

S =1.064

Cl06 H82 Cl2 014 P2 Ted

2222.96

1.577

4

1.390

4408.0

4403.20

30,21,34

10822

0.779,0.858
.736

MULTI-SCAN
.901

0
# Reported T Limits: Tmin=0.374
0

Theta (max)= 27.536
wR2 (reflections)=

C84.80 H72 Cl11.60 011.20
P1.60 Te3.20

1784.81

1.583

5

1.391

4440.0

28,21,34
9754
0.374,1.000

0.2573( 9754)

Npar= 575
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Datablock Compound-6 - ellipsoid plot
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Figure. E2. Solid state molecular crystal structure of compound 6, hydrogen atoms are omitted for clarity. Thermal
ellipsoids are drawn at 507 probability.

Datablock: Compound-7

Bond precision: C-C = 0.0441 A Wavelength=0.71073
Cell: a=23.3222(9) b=16.7196(3) c=26.6409(7)
alpha=90 beta=111.915(4) gamma=90

Temperature: 136 K

Calculated Reported
Volume 9637.6(6) 9637.6(5)
Space group C 2/c cC1l2/c1l
Hall group -C 2yc -C 2yc
Moiety formula C40 H35 06 P Te2, C6 H6, C6 2(C188 H172 028 P4 Te8), 8 (N

H3, N 03, C H3 O, H 03), 8(C6 H3), 8(H)
Sum formula C53 H48 N 010 P Te2 C424 H384 N8 080 P8 Telo6
Mr 1145.09 9160.73
Dx,g cm-3 1.578 1.578
Z 8 1
Mu (mm-1) 1.304 1.304
F00O0 4576.0 4576.0
F000' 4570.24
h, k, lmax 29,21,33 29,21,32
Nref 10502 10043
Tmin, Tmax 0.882,0.925 0.708,1.000
Tmin' .878

0
Correction method= # Reported T Limits: Tmin=0.708
0

Tmax=1.000 AbsCorr MULTI-SCAN
Data completeness= 0.956 Theta (max)= 26.979
R(reflections)= 0.1179( 6475) wR2 (reflections) =

0.4062( 10043)
S = 1.556 Npar= 497
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Datablock Compound-7 - ellipsoid plot
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Figure. E3. Solid state molecular crystal structure of compound 7. Thermal ellipsoids are drawn at 507 probability.

Datablock: Compound-8

Bond precision: C-C = 0.0088 A Wavelength=0.71073
Cell: a=7.6701(3) b=7.4722(2) c=22.6515(7)

alpha=90 beta=90 gamma=90
Temperature: 293 K

Calculated Reported

Volume 1298.22(7) 1298.21(7)
Space group Pnma Pnma
Hall group -P 2ac 2n -P 2ac 2n
Moiety formula C7 H7 Cl4 O Te, H3 N C7 H7 Cl4 O Te, H3 N
Sum formula C7 H10 Cl4 N O Te C7 H10 Cl4 N O Te
Mr 393.56 393.56
Dx,g cm-3 2.014 2.014
Z 4 4
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Mu (mm-1) 3.084 3.084

F000 748.0 748.0

FO0O0' 748 .42

h, k, Imax 9,9,28 9,9,28

Nref 1522 1474

Tmin, Tmax 0.744,0.940 0.217,1.000

Tmin' 0.735

Correction method= # Reported T Limits: Tmin=0.217

Tmax=1.000 AbsCorr = MULTI-SCAN

Data completeness= 0.968 Theta (max)= 26.942

R(reflections)= 0.0435( 1292) wR2 (reflections) =
0.1166( 1474)

S =1.077 Npar= 87

PLATON version of 06/07/2023; check.def file version of 30/06/2023

Datablock Compound-8 - ellipsoid plot
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Figure. E4. Solid state molecular crystal structure of compound 8. Thermal ellipsoids are drawn at 507 probability.
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Future Scope of the Thesis

In the thesis, we have worked on synthesis of the 12-membered organotelluroxane 2(Te-
O-Te), telluronium salts and organotellurium clusters using bis-(p-methoxy phenyl)
tellurium dichloride with various silver salts and telluric acid respectively. These
synthesized organotelluroxane macrocycle working as electrocatalyst for the hydrogen
evolution by proton reduction using external proton source of PTSA. Using similar
synthetic strategies one can synthesize 2 (Te-O-Te-O-Te) telluroxane motifs containing
macrocycle which may increase the electrocatalytic efficiency for hydrogen production.
In the chapter-4 chloro biding cluster synthesized one can synthesize bromo, lodo-binding

cluster to decrease bond gaps.
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Thesis synopsis

6. An oral presentation “Organotellurium Macrocycles and Telluronium salt stabilized by

Weak Anions” at in-house symposium Chemfest-2021 School of Chemistry University
of Hyderabad Gachibowli, Hyderabad Telangana-500046.
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