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1. Abstract

An efficient ndle methodologyto synthesise a series of novel dibenzimidazole based selone
compound with high yield has been demonstrated here by using NaH route at room
tempeature. On the basis of experimental dagse a method has been adopted for the
evaluation of a seri es -doofn osredaspde comppmept®ai nd s
NHC moieties has been investigated.
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| ncr e alsnatiorgprogerty

Moreover, a mild, quantitative, regioselectiv®-acylative cleavage of cyclic ethers was
establishedby in situ generation obidentaite selones supportedsimuth(lll) catalystsin
particular, withi n c r e adsnatiorgprogerty as well as increasing chelation capaloifi
selone ligandd¢owards bismuth(lll) activity of catalyst toward¥acylative cleavage of-2

methyl tetrahydrofuraalso increases.



2. INTRODUCTION :

Benzimidazoles aréne example oflass of heterocyclic, aromatbemical compounds having
a fundametal structuratharacteristic of smembered Bnzene fused tine 4 and 5 positions

of five-memberedmidazole(Figure 1).Benzimidazoles are alémown as 1,3denzodiazoles

Q0 N
> o

Figure 1. The skeleton of Benzimidazole is the fusion of

Benzene ring and Imidazole moiety.

This important group of substances haginate many practical applications imamker of
fields. Recently the awareness gnizimidazole chemistry has beerenergized someklmat by
the discovery that the &dimethylbenzimidazole mety is part of thechemical structure of
vitamin Bqo. Historically, the first benzimidazole wagnthesisd in 1872 by Hoebrecker who
obtained Z(or 2, 6)dimethylbeninidazole by the reductioaf 2-nitro-4-methylacetanilide
Seveal years later Ladenbumgptainedthe same compound by refluxingdaliaminotoluene

with acetic acid

The numberingf the benzindazole system is dsllows:

4 3
5 N
(L
6 N 4
7 H

Occasionally the position is designated as theposition.



Most interestingly,tipossess botacidic and basic characteristidhe existenpbf NH group

in a benzimidazole moiety possess relativeyongly acidic andalso weakly basicThe
capacityof formation ofsaltsfrom benzimidazoles or benzimidazole derivatives is a significant
characteristics of this moietyBenzimidazats with unsubstitutedNH groupsexhibit fast
prototropic tautomerism, whiclkeads to equitirium mixtures ofasymmetrically substituted

compoundgFigure 2).

H
N N
CLy — CLy
N N
H
Figure 2: Prototropic tautomerism

Purinesare the welknown exampleob asi ¢ 6 6 + 5 O6ructure ts shareddyatheri ¢
class of chmical compounds (Figure)3Many important biomolecules such adenine
guanine uric acid, and caffeirteare belongs to this group. Fibris similarity in fundamental
structues, it is believed that benzimidazole containing molesuland benzimidazole
derivatives have some biological activity in some small molecules switaasn B> anda
variety of antimicobial, antiulcer antihypertensive, antillV, anti-inflammatory, antioxidant

anxiolyticsand everantitumor agents’.
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Figure 3: The most importarbiomolecules belong to the class of Purines having
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Benzimidazole having a great importance in biomedical research, it also have a préeithent

in organocatalysis, organometailiand materials chemisttigecause of two reasons stemming
from their molecular architecturd) animidazole moiety is a precursor to fMeterocyclic
carbenes?2) the benzene ring offeld convenient skeleton to which additional functionality
may be easilyadded to revise the spatial and electronic characteristics of a benzimidazole
derivative One ofthe motives for the topical rise in study and use of benanakks and their
N-heterocytic carbene derivativess, no doubt, thisombination of a reactive carbene centre

with a modifiable backbone

NHCsor N-heterocyclic carbenese a unique class of the carbene faniihedivalentcarbon
atomsof carbenesvith two nonbinding electrondat are cealently bonded to two adjacent
groups are welknown to be extremely reactive species due to their electron deficiency
Typically, in both synthetic organic and organometallic chemjshgse highly reactive species
are recognised mostly @mportant reaction intermediafesBut Interest in isolable carbenes
extendsn theearly part of the 1800$1owever, surprisingly the first isolable NHC, 4JB1-
adamntyimidazol2-ylideng is obtained byArduengo et alin 199%. In 1960s, byseveral
studieson saturated imidazoline risgWanzlick first recognisedhat NHCs would be stable
and isolable due to the nteene centresituated at the-position of the imidazole ring, being

stabilized by the lectrondonating effects of theeighbouring nitrogen atorgfSigure 4.

./\
N

° .\\\\\‘

Figure 4: The singlet ground statd NHC, d the 2 positionhas a vacant p orbital, into which
neighbouring substituents may donate electrons to stabilize the carbeee cent

It is worth mentioning thatie stability of such NH@agmentsdepends on two factors: 1) the
steric demand of the suliskents on the nitrogen atomsthé heterocyclic ring, wbh helps to
prevent the carbeneoim dimerising and 2) more importantly, electronfactors such as the
benefigal overlap of the lone pabnthe nitrogen atoms with the empiyrbital of the carbene

carboncentré.
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From the above discussions it can be concludedNkiEs are electron i ch and neutr
donor ligands Compared to phosphine ligand&atron donating ability of NHCs span a yer
narrow range.But order of electron donating power can be imprawedhanging the nature

of the azole ringbenzimidazole<imidzole<imidazoline

The great development in NHC chemistry is due to its mainly Chemical stability as well as
coordination versatilityvhich is reflected all the introductions tife publications regarding
NHCsthat have appeared for the past few plasta@és. NHCs esthlish a wellknown clasof
ligands for transitiormetal complexes that have bgmogressively applied in homegeous
catalysis, thus surpassitige abundaniphosphorus ligands in organometallic chemfstNot

only that, he easy preparation of NH@ecursors has allowed an almost endless access to
novel organometallic topologies, in which the only restriction seems to be the imagination of
the resarchersi.e. A detailed understanding thie electronic nature of a ligargkissential for

the desigrof a suitable catalysBasically, NHCswere initially consideredasp u r -donaiis

until some recent literatures, on both theoretical and experimental, has exposedtwd
donationmay actuallycontribute significantly tothenet al T c ar b edcaecoupl®aidi ng

s t r o mgdiciNHCs have been prepared

At first, BertrandreportedPhosphinidene adducts of NH@sath a proper explanation of
accepting properties &fHCs'. Later,Ganterclarifiedthe’’Ser e sonances of NHCT S
which are also correlate with tHeaccepting character of the particular NH@aving two

analogueganonicaktructure$!, given below (Figure 5).

s N
NaVaVal\\) . < PPN
N AW ° N \\\\\\\\
\ = (5) )

Figure 5. Two canonical structures dd e ni u mi N H C A)Advihg (edorgting
propertyof NHC; B) having’ - acceptingproperty of NHC.
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Ganterfirst demonstratét h at i n-acept@a sharacter of the NHIBads to a stronger
contributionof formula B, shifting thé’Seresonance to lowdield. According to our literature

survey it is already weknown that'’Se NMR chemical shiftappear over a wide range of 320
ppmt. Incase op u r edonatingNHCs, selenium atom become highly shielded with a-high

field resonancewhich leads mainly towards Lewis structure IA.contrast due to” -acidic

nature oNHCs, selenium atom becontessshieldedwhich results into a loviield resonance

having a double bond character between carbon and selenium, resembles with Lewis structure
B. It is worth to mentioning thatn comparisond the phosphinidene adducts tenefit is that

the selenium copounds can be directlybtained in one stepy deprotonation of a suitable

NHC precursor in the presem of elemental selenium with NaH/@EN at ambient
temperature Anyhow, it is true that the stabilisatioof the free carbene under ambient
conditons s not an easy t ask. efydeafstiigandsfoyn NHGsr ep ar a
which exist only as intermediagpecies of limited lifetime at low temperatui® very useful

to design a suitable cat al ys tdductsMo tr-tibeafiolht er e s |
property -aidity @arbe tontralled for carbenes lteringthe electrordonating
substituents and electron withdrawing substituents respectively in nitrogen centre or by
changing the cyclic nature of the carbene moiety. The former one, depends upon the interaction
of the nitogen lone pia with the vacant p orbital othe carbene C atoas discussed earlier
whereas, latter one deals witbnformational flexibilityof the carbene systém Here t is

worth to mentioning that we preparadange of polyN-heterocycliecarbeng NHC)-derived
selonesinorde t o @ u abackboridipngalility ef NHCs

According to theircoordination capabilitiesf poly-NHC ligands may be classified dns-
NHCs, trisNHCs, and tetr&HC. Among the all poly NHC, bi&lHCs are by far the most
lavishones.The easy preparatn of this typeof ligand has permitted a skilfgtudy of their
coordinatiorto metals by revising the length of thgdhtic linker,and some important effects
on the structural propertieand reactivity of the resultarproducts have been widely
reseached Structural Poperties of Coordinated BNHC Ligandsare given schematically in
figure 6. The common moralities gevning the steric properties biHCs ascend from their
fan-shaped profile. Whethere is some probability difee rotationabout the MC bond the
azole ring is expeted to orientate its slim axie the bulky plane of the complex, miniimg
the steriadepulsionsSeveral structurdhctorshave to be taken into accouimtase othelating
coordination formsuch aghe coordination b angle, the angle between the azole ring and

the coordination pl anpel aonfe & hdei sctoolptlieoxn aafn dt ht

12



Bridging 2:1
(M/L) coordination
(in squareplanar
complexes)

Bis NHC Ligand ee—

Chelating
coordination
(in an octahedral
complex)

L 2

A 4

Long linkers

Short linkers
(plane (perpendicular
conformation) conformatior.

Figure 6: Structural Properties of Coordinated BI$IC Ligands?

First Crabtree and cavorkershas givena more detailed studgn Chelatingand Bridging

Coordination of s-NHC Ligandssuch as the sterisize of the NsubstituentsR) and the

nature of the countéon'3, In case obmall R substitues, the longer linkersupport chelation

due to their cpability to avoid the steric cladbetween R and the other ligands (But for

bulkier R groups are used, longer linkers are expeotéding the two budy substituents too

close to each otheBo chelation is avoided in principle whiemg linkers and bulky steriR

groups are usedyhereadfor shortlinkers and bulky R groupsheycan then form chelates.

Actually, two steric considerations must bensderedto guess the chelation ability of a bis
NHC ligand: () the length of the linker between the azoifeys and 2) the steric sizef the

N-substituents (R). The possibility of chelation depends on steric consideration, in principle

13



both the steric elsh between thB groups and the ligand (R - - - L), and that betwa the
two R groups (R - - - Rmust beavoided? (figure 7).

i @D
R)(O/M‘\Ow \Y \f/

Figure 7: 1)W|ngt|p-I|gand (R---L) 2) wingtipwingt%p (R - - - R) steric interactions.
It is worth to mentioning that for our present work we have chosefigand in such way that
contains fran short linkers with some flexibility to large linkers with a high a rigidity. Our
actual motivation is to synthesise bidendatieiseshaving benzimidazole moiety for first time
and to nvestigatéD-acylativecleavage otyclic ethersby hdendateselonessupporteddismuth
(1) catalysts* It is known that cyclic ethers undergeavage in the presence Lewis acids to
give 4halobutanes But the actual problem tohoose a perfect Lewis acid to afford
regioseéctivity for that type ofacylative cleavageNot only that sometimes ieed long
periods of heating for reaction mmplete and sometimes Lewis acids are air sensitive,
environmentally toxic or expensiwehich are an additional drawbacks for that reactitere
we describe a mild mild and regioselective catalytic applications for the acylative cleavage
of cyclic etherduy in-situ generation of bismutimediated catalyst using -3z ligand. As we
know thereare very fewexamples of the coordination chetnysof main group metalthiones,
selones and tellones knowmthe literature. Especiallyhe heavy main group-plock atoms
have a known propensitp form supramolecular grolynuclear aggregates with without
metal----metal interactiofd Basically a normal concept says that, a heavier metal centre with
high charge can be stabilke by a | i g a nddnating propertya Bismithy (HI) idl
belongs to heavier main group metal havii®rharge and as our work is on selone, it is worth

to mentioning that selord@andsh a v e  a-domation gropeérty basically.

Linkers: a) Et

b) Ph
Linkg ¢) BiPh
N

(OUR PRESENT WORK]
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3. Experimental Section:

3.1. General consideration:

All manipulations were carried out under nitrogen using Schlenk vacuum line techniques. The
solvents were purchased from commercial sources and purified according to standard
procedures. Nsopropylbenzimidazole wagrepared as previously reported in literatbire
Starting materials were purchased from commercial sources and used without further
purification. FFIR measurement (neat) was carried out on a Bruker AfpRaurier transform
spectrometer. The UVI Vi s s p-¥isble spactroplotoreeterme a s ur
High-resolution mass spectra (H®S) were recorded on an Agilent 6538 UHBTQF. NMR

spectra were recorded on Bruker Ultrashiél) MHz spectrometers at Z5unless otherwise

stated. Chemical shifts are given relative to TMS and were referenced to the solvent resonances
as internal standards. Thermo gravimetric analysis (TGA) was pedousing a TASDT

Q600, Tzerepress. Elemental analyses were performed by the Eurég(BAelemental

analyzer.

3.2. Synthesis of dibenzimidazoliumalts:

3.2a. Synthesis for 1,diisopropyl-3,3'-ethylenedibenzimidazolium

dibromide:

To a stirred solution ahe Nisopropylbenzimidazole (20 mmol, 2 eq) in 5 mL of acetonitrile
dibromoethane (10 mmol, 1 eq) was added drop wise under inert atmosphere, then the reaction
mixture was stirred at 9Q for 2 days. The solution was filtered off, and the precipitate was

washed with 2x5 mL of THF and dried high vacuum to yield a white powder.

White solid. Yield 83% (based on 1). M.P., 2836°C. FT-IR (neat, ): 3127 (w), 3065 (w),

3016 (w), 2968 (w), 1607 (w), 1556 (m), 1435 (m), 1209 (m), 1097 (w), 837 (m), 751°(s) cm
LIHMNMR (D0, 400 MHz) : U0 ), 3&87.78%d, 2H2AKH), 7.B+&.504ti m

2H, Ar-H), 7.407.36 (t, 2H, ArH), 7.137.11 (d, 2H, ArH), 5.07 (m, 6H/Pr-CH & Et-H),

1.441.43 (d, 12H, ChH) ppm. *C NMR (D0, 100 MHz) : 0-C)1131914,4 5 ( B
130.49, 127.68, 127.36, 114.07, 111.23 () 51.51 {Pr-C), 46.37 (E{C), 21.01 (MeC) ppm.
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3.2b. Synthesis for 3,3(1,4-phenylenebis(methylene))bis(d

iIsopropylbenzimidazolium) dchloride:

To a stirred solution of thediéopropylbenzimidazole (20 mmol, 2 eq) in 5 mL of acetonitrile
U , -Wichloro-p-xylene (10 mmol, 1 eq) was added under inert atmosphere, then thierreact
mixture was stirred at 9Q for 2 days. The solvent was removed under vacuum, and the residue
was washed with-hexane and THF (2x5 ml), dried under high vacuum for several hours to

yield a white powder.

White solid. Yield 76% (based on 1). M.P., 28860C. FFIR (neat, ): 3415 (m), 3115 (w),
3018 (w), 2977 (w), 1612 (w), 1555 (m), 1433 (m), 1266 (w), 1196 (m), 754 (s)'EMNMR
(DO, 400 MHz) : 0 %), B6r7.60¢d, 2H2AHH), 7.485€.284t, 6hh, ArH),
7.247.22 (q, 2H, AsH), 5.58(m, 6H,'Pr-CH & Benzy+H), 1.5%1.49 (d, 12H, Ck) ppm.*3C
NMR({D2O0, 100 MHz) : GC), 1328, 189.11(1B09B, 2288.88, 126.78, 126.57,
113.54, 113.32 (AC), 51.24 {Pr-C), 50.13 (BenzyC), 21.01 (MeC) ppm.

3.2c. Synthesis for 3,3([1,1 -biphenyl]-4,4"-diylbis(methylene))hs(1-

isopropylbenzimidazolium) dichloride:

To a stirred solution of the-idopropylbenzimidazole (20 mmol, 2 eq) in 5 mL of acetonitrile

4,4bis(chloromethybhl1,1-biphenyl (10 mmol, 1 eq) was added under inert atmergphhen

the reaction mixture was stirred at°@0for 2 days. The solvent was removed under vacuum,
and the residue was washed withhexane and THF (2x5 ml), dried under high vacuum for

several hours to yield a white powder.

White solid. Yield 81% (basedn 1). M.P., 294296°C. FT-IR (neat, ): 3018 (w), 2873 (w),

2762 (w), 1611 (w), 1555 (m), 1438 (m), 1267 (w), 1227 (w), 1093 (w), 1004 (w), 796 (m),

765 (s) cmt. 'HNMR (D:O, 400 MHz) : U ©H),2.@727.659d, 4H2AH), Ben z i
7.387.24 (m, 16H Ar-H), 5.43 (s, 4H, BenzyH), 1.531.51 (d, 12H, Ck) ppm.*C NMR

(D20, 100 MHz) : u-C)113428,0191.1%, B39.837 126188, 126.78, 126.57,
113.54, 113.32 (AC), 51.24 Pr-C), 50.13 (Benzyl), 21.01 (MeC) ppm.
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3.3. General procedure fo synthesis ofbis(benzimidazoline-2-selone

derivatives:

NaH (3 eq) was dissolved in dry acetonitrile (5 mL) in an edeed Schlenk tube, under inert
atmosphere and dibenzimidazolium Salts (1 eq), followed by Selenium (3 eq) was added slowly
maintaininga complete inert atmosphere. The reaction mixture was stirred overnight at room
temperature. The solution was removed under vacuum, the residue was quenched in water (50
mL), extracted with dichloromethane, dried over sodium sulphate and evaporateesidte r

was washed with-hexane and methanol-@drops), dried under high vacuum for several
hours to yield an analytically pure form of product.

3.3a. 1,1:diisopropyl-3,3'-ethylenebis(benzimidazoline2-selone):

Brown solid. Yield 82% (based on 2a). M.R52254C. FT-IR (neat, ): 3207 (w), 2971 (w),
2931 (w), 2185 (w), 1601 (w), 1439 (w), 1402 (m), 1329 (s), 1292 (w), 1249 (w), 1084 (w),
793 (s) cmt. 'H NMR (CDCk, 400 MH-7.31:(q, 2H, AH), 4.297.27 (m, 2H, Ar

H), 7.047.01 (m, 4H, ArH), 5.875.80 (g, 2H!Pr-CH), 4.97 (s, 4H, EH), 1.571.55 (d, 12H,

CHs) ppm.**C NMR (CDCE, 100 MHz): U0 164.72 (C=Se), 13:
110.79, 109.92 (AC), 51.52 Pr-C), 43.93 (E{C), 19.99 (MeC) ppm.

3.3b. 3,3%(1,4-phenylenebis(methylene))bis(Zisopropylbenzoimidazole2-

selenone):

Off white solid. Yield 85% (based on 2b). M.P., ZB86°C. FT-IR (neat, ): 3022 (w), 2969

(w), 2928 (w), 1604 (w), 1513 (s), 1477 (m), 1406 (s), 1380 (s), 1337 (s), 1299 (m) 1257 (m),
1088 (m), 787 (w), 748 (s) cin'H NMR (CDCk, 400 MHZ49(d, 2H, AiH), B.3%

7.26 (t, 4H, ArH), 7.267.15 (m, 2H, ArH), 7.137.08 (m, 4H, ArH), 5.9485 (q, 2H,/Pr-CH),

5.68 (s, 4H, BenzyH), 1.631.61 (d, 12H, Ck) ppm.*CNMR(CDC, 100 MHz ) :
(C=Se), 135.07, 133.3031.44, 127.87, 123.11, 122.96, 111.29, 110.52A52.10 {Pr-C),

50.06 (BenzyC), 20.11 (MeC) ppm.
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3.3c. 3,3*([1,1'-biphenyl]-4,4'-diylbis(methylene))bis(:

iIsopropylbenzimidazole2-selone):

Brown solid. Yield 80% (based on 2c). M.P., 2ZB8°C. FT-IR (neat, ): 2973 (w), 2929 (w),
1699 (w), 1606 (w), 1476 (w), 1399 (m), 1334 (m), 1296 (m), 1256 (m), 1086 (w), 787 (w),
745 (s) crit. 'HNMR (CDCk, 400 MH-Z.39:(m, 10H,7AtHp B267.13 (m, 6H, Af

H), 5.975.90 (q, 2H/Pr-H), 5.77 (s, #, BenzytH), 1.651.63 (d, 12H, Ck) ppm.**C NMR
(ChCk, 100 MHz): U0 166.61 (C=Se), 140.18, 134.
123.32, 122.98, 111.35, 1110.56 {8}, 52.14 Pr-C), 50.22 (Benzyl), 20.16 (MeC) ppm.

3.4. Catalyzed O-acylative cleavage of cyclic ethers (Table 1, Entry-b):

Under very mild conditions the catalytic reactions were performed using acetyl chlorides in
dichloromethane, to which-RITHF was added after few minutes. Then ligané8)11.5 mol

%), followed by BiCt was added and kept under stirring at room temperature for 2hr. The
reaction progress was monitored by TLC. After the completion of reaction, water (30 mL) was
added to the reaction mixture which affords a suspension. It was extracted by chloroform (3 x
25 mL). These combined extracts were dried &) and concentrated under vacuum to
produce an oily liquids. The vanishing of the starting materials and appearance of products

were conveniently analysed By NMR spectroscopy.

18



4. Results and Dscussons:

4.1. Synthesis and characterization of 23:

N-isopropylbenzimidazole is prepared in a conventional method as reported earlier from
benzimidazol® using 2Bromopropane in presence of potassium hydroxide as a base with
DMSO a solvent. Isopropylbenzimidazole was distilled at°CO&t high vacuum to yield a
colourless oil. Instead of a conventional rdtéor the preparation of dibenzimidazole salts
(2a-2c) first time here a straigffiorward methodology has been used where acetonitrile used
as solvent at 8C for two days which afford white precipitates (scheme 1). The precipitates
are washed with THF as well as hexane and diethyl ether to remove the starting material which
is actualy more non polar in nature than product one, to obtain analytical pure compounds with
83%, 76%, 81% yield respectively. An attempt to synthesize 3a by mixing with selenium
powder with 2a in presence of potassium carbonate in metffawak failed. Therefore, 2a

was trated with selenium in the presence of NaH in acetonitrile at room temperature over a
period of one day to result 3a in fairly good yields (82%) (Scheme 1). Here, an efficient
methodology has been established for first time to synthesise a selone compaunds
benzimidazole moiety which affords high yields for every compound8%8b, 3e¢80%). The

formation of selone compounds were confirmediyand*C NMR.

Q 1) DMSO,KOH, 1 h Q [LINKER] _ Q(Bf Linker\@Q
e MeCN, 900C, 48h N N
HN N 2) Pr-Br,2h \7/N\¢N N~ YN
) N
2
NaH, CH3CN,
Se, 24 h, rt
Linke
; W ;
Linker = -CH,-CH,- ... (a) N\Q )//N
CHy-Ph-CH,- .. (b) \< 7/
-CH,-Ph-Ph-CH,- ......(C) 3

Schene 1 Synthesis of 3
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Initially for dibenzimidazole salt 3a, most desheildetHC peak has been appea
whereas that peak is missing for selone compourl NMR which approves the formation
of carbene. IN'®C NMR al so the most deshei l5di@d peal

dibenzimidazole salt 3a, whereas for dibenzimidaselene the most desheilded peak has
been shifted by about 25 ppm downfield compared to chemical shift value of the salt one, which
confirms the C=Se bond in 3a compound. Basically according tgemaral concept we can
concl ude t h-adnationppettylfearhene caebonlincreases, amount desheilding
for carbene carbon also increases compared to salt one. In figure 5, Lewis structure A describes
t h e pdanatien ptoperty of carbeneward selenium and Lewis structure B describes the
“-acceptance property of carbene from selenium. Usually in casehetdxocycliecarbene,

nitrogen having one lone pair, attached to carbene carbon, is liable to donate its lone pair
towards the vacant-prbital of the carbene carbon which the main driving force to stabilise a
single state carbene in its ground state. So as long as a carbene is in singlet state by stabilisation
through the adjacent nitrogen atom lone pair, it is likely to show mainly (pa@nation
property
carbon attached to selenium. In our case we investigate the amount of desheilding to give a
descr i p-tonation praperty our liganthreughhy’@ NMR. G

raeceéptarce propdrty which’ leads to more downfield shift of carbene

det ai |

Table 1: Amount of desheilding:

3C-NMR 3C-NMR Amount  of
Entry Compound | Peak (inf Compound | Peak (in| desheilding
ppm) ppm) (in ppm)
1 4 133.65 6 164.90 31.25
2 5 136.47 7 165.37 28.90
3 2a 139.45 3a 164.72 25.27
4 2b 139.09 3b 166.60 27.51
5 2c 139.87 3c 166.61 26.74
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T o = "
\fN\?N\( ngu-NN-gy \fN\[fN\( nBu/NYNmBu

4 5 6 7

As compound 4, 5, 6 and 7 are reported in literature alféa@ythese four has taken as a
reference to investigate the amount of desheilding with respect to our selone compounds.
Amount of deshiéding is measured by the amount of downfield shift of C=Se pedk iNMR

for dibenzimidazole selone comparedddd peak in 13C NMR for Bnzimidazolium salt.

32
31
30
29
28

27] S~

24

Amount of desheilding (in ppm)

1 2 3 q 5

Benzimidazole-Selone

Figure 8. Amount of desheilding with respect to selone compounds
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In figure 8, it is cleared that the amount of desheilding is less for ethyl bilgeakzimidazole

salt whereas for entry 1 in table 1 more amount of desheilding is observed for selone compound
compared to benzimidazole salt. So it is obvious that as the +| effectsabdtituent of
benzimidazole increases, form isopropyl tbutyl, anount of desheilding is decreasing and it

is worth to mentioning the amount desheilding is more in case of ethyl bridgephbpyt

dibenzimidazole selone due to influence of another benzimidazole moiety.

| &
Y

and 6. Due toil effect of 6
7

For dibenzimidazole selone

complexes entry 3 is Is0

exhibit less amount of

desheilding rather than entry %
phenyl linkages the phenyl
bridged and biphenyl bridged
dibenzimidazole salt exhibit N

nBu/N ""Bu

bl

more amount of desheilding
compared to entry 3. As 3§
conclusion it can predict thas a
carbene carbon resides in mor
for an

ch

donation property will be more

upfield region, i.e.,

H08

cargpon 0\(

electron ri r bene

towards sel eni

"-acceptance property increase

be
regulate by altering the N

donation property can

1%
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4.2 TGA analysis:

In order to understand the thermal decomposition pathway #c3dhermogravimetric
analsis (TGA) (10A C  mi n-10QCC, uBder N atmosphere) was carried out on3&a

(Figure 9). 3b show enough stability up to 300and 3c is also thermally stable up to Z80

and then shows loss of weight up to about 98% in three steps. But, Compared to 3b and 3c, 3a
is less air stable selone compound decomposes only at abd@t. 110

100

80

=)
o]

Weight %
.
o]

[ d
o]

200 400 600 800

Temperature (°c)

Figure 9: TGA curves for 3e8c¢ 10 °C mih' under N atmosphere

4.3 UV-visible absorption study:

Solid state UWisible absorption spectra of 2& is measured at room temperature and
displayed a bathochromic shift from 2a (270 nm), 2b (272 nm) to 2c (277 nm) (figure 10).
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0.8

272

A, NmM

Figure 10: Dibenzimidazole salts: Solid state UV

These are characteristics of aromatic structures of benzimidazole moiety. Due to substituent
effect these type of transition shifts the bINsible absorption spectra towards higher
wavelength region, i.e., bathochromic shifts is observed. In the solid stateslblé spectra

of 3a3c are nearly comparable with solution state absorption spectug, fffe molecular
association and stability of 3¢ are comparable. In solid state Wigible absorption spectra

15 transition for 3a3c is observed at 250 nm, 246 nm and 242 nm respectively (figure 11).

246 00

3¢

Figure 11: Dibenzimidazole Selone: Solid state UV
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These are characteristics of aromatic structures of dibenzimidseiolee moiety. The
additional absorption is observed for dibenzimidazole selone3djBat 300 nm, 3®nm and

320 nm respectively. This additional absorption for-38acan be attributed to the
benzimidazole carbene carbon to selenium charge transfer. The pattern of solution state UV
visible absorption spectra for dibenzimidazole selone derivatives isymsosilar to the solid

state U\tvisible absorption having a double humped nature in both cases. But a bathochromic
shift is observed for™ transition for solution UVspectra compared to solvent tépectra,
whereas a hypsochromic shift is observed fardnsition (expect 3c) for solution Uspectra.

The solution state absorption spectra is observed for 3a at 320 nm, 3b at 325 nm and 3c at 327
nm can be attributed to the benzimidazole carbene carbon to selenium charge transfer (Figure
12).

258
0.9
327
325

A
o :
<

0 3c

3b
0409 300 =0 200 300
A, NIN

Figure 12: Solution state UWisible spectra of dibenzimidazole selone
in DCM at 25C (2.5 X 1% M)
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4.4. Bismuth(lll) catalyzed O-acylative cleavage of cyclic ethers:

We already establigid a mild and regioselective catalytic applications for @kacylative
cleavage of cyclic ethers using monotdee selone supported bismuth(lll) catal§stOur

present work is to create the same catalyst applications using bidentate selone supported
bismuth(lll) catayst (scheme 2ur main motivation for that work is establish a mild as well

as regioselectiv®-acylative cleavage using a catalyst in such a way that needs low catalyst
loadings.

ligand (3a-3c, 1.5 mol%) + BiCl3 (2 eq)

0
0
o T PR )J\o/\/\rCI
Mo i DCM, RT, 2 h

Scheme 24-Chloropentylacetate from acylative cleavage ah&thyl tetrahydrofuran.

The selectivé-acylative cleavage and successive intramolecular trapping of cations generated
from cyclic ethers using bismuth(lll) halides as catalyst shows much potential in organic
synthesis® Despite the popularity anndcleawgesat i | it
cyclic ethers like THFI2MTHF/THP to deliver 4haloalkyl alkanoates, there are véingited
examples of bismuth mediated C O bHedwe | eava
have demonstrated a regioselect®racylative cleavage of cyclic ethers, bysitu generation

of bismuth(lll) mediated catalyst using-3a ligand. The reaction progress was frequently
monitored using TLC (Table 2). f&r completion of the reaction, the routine workup gave 4
Chloropentylacetate in excellent yield (Table 2, Entriek4l Yield 8090%). Besides, the

catalytic performance of Biglith entry 4 has given below to demonstrate the efficiency of

ligand 3a forthe O-acylative cleavage of cyclic ether.
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Table 2: 4-Chloropentylacetate from acylative cleavage-ofi€hyl tetrahydrofuran.

Entry Ligand Metal halide | Time (h) | SMC (%) Yield (%)?
1 3a BiCls 2 96 90
2 3b BiCls 2 92 88
3 3c BiCls 2 88 80
4 - BiCls 4 90 86
5 - - 4 0 0

2% Yields were calculated based on the weight of products and the starting material conversion.

96 —a—SMC (%)
—#—TFinal yeild(%)

94

92

ol N —

86
84
82

80

SMC (%)

1 2 3 4
Entry

As expected, the catalytic efficiency o##lcan be recognised to their solubility and electronic
nature and generation of an ef@int catalyst irsitu. Among entries-#, entry 1 depicted 96%
conversion (Table 2) in the least time (2h) with outstanding yield although with low loadings
of ligands compared to previously reported catal§3t&Vhile entry 3 showed less starting
material conversion88%) and lower yield (80%) in 2h. So, it should be concluded that the
conversion of starting materials decreases from 3a to 3c due the due to decreasing stability of
NHC=SeBi metal. It is worth to mentioning that stability of a bidentate ligand metal
comgdexes is depends on chelation capability of ligands along with electronic nature of that

ligands.
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5. Conclusion:

In summary, here we have established an efficient methodology for first time to synthesise a
selone compounds with high yields. A series bedizimidazole salts has prepared by a straight

forward route as well as dibenzimidazole based selone compounds has been synthesised for
the first time by NaH route at room temperature. A combined spectroscopic stut/ NikéR,

13C NMR, FT-IR, UV-Visible absorption spectroscopy has been done for the recognition of

the structures of the 32c selone compounds. By a clear investigatioRF@fNMR of selone

compounds it is observed that among the three ligands, ethyl bridged dibenzimidazole selone
compoundelwi bits | east amount of -ddnat®rhpeopertydamong whi c
the three bidentate selone compounds. It is true that the stabilisation of the free carbene under
ambient conditions i s not an easoysoftligasds. Tha:
form NHCs, which exist only as intermediate species of limited lifetime at low temperature, is

very useful to design a suitable catalyst and to design a suitable catalyst a detailed
understanding of the electronic nature of a ligand isiakudere a method has been adopted

for the evaluation of a ser-tesoro faecepterl 6 ne
components of NHC moieties has been separated on the basis of experimental data. The
efficient catalytic property of the bismuth(lll) spprted by bidentate Selone ligands were

verified in the regioselectiveO-acylative cleavage of cyclic ethers like-nithyl
tetrahydrofuran. From above catalytic work it can be predicated that as a consequence of

i ncr e aenationgroperty as well ascieasing chelation capability of selone ligands the
efficiency of catalyst is also increased. Synthesis and isolation etieftied benzimidazole

based bidentate selone based bismuth catalyst is currentlygmngtasks in our laboratories

and this wil successively be extended for the preparation of other bidentate ligands having

excellent chelation capabilities.
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