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Synopsis

Due to presence of secondary bonding interaction in alicyclic system substrate leads to
the isolation of dichalcogenide and monochal cogenides with the reaction of NaoE,/NaoE
(E =S, Se, Te). The complexation reaction of monochal cogenides with Pd(I1) and Pt(I1)

afforded the exclusive metal complexes without any cleavage.
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Abstract: The present work describes the synthesis and deawtion of a series of
organochalcogen compounds derived fronp-chlorocyclohexenal 273a)/p-
bromocyclohexenal2(7b) which are stabilized by-EO (E = S, Se, Te) intramolecular
secondary bonding interaction (IM-SBI). Di-(2-forloyclohex-1-ene)sulfide2(l) was
prepared by treating7b with disodium sulfide. Di-(2-formylcyclohex-1-erm&3elenide
(28) was obtained by reacting7a with disodium diselenide. The reaction always
produced a mixture of di-(2-formylcyclohex-1-enspglenide (28) and di-(2-
formylcyclohex-1-ene)selenide29). Attempts to synthesize di-(2-formylcyclohex-1-
ene)ditelluride30 by the reaction o27b with disodium ditelluride afforded a mixture of
monotellurides; 3,4,5,6,7,8-hexahyd?bl-9-telluraanthracene-1-carbaldehyd26)( di-
(2-formylcyclohex-1-ene)telluride(22) and 9-hydroxy-2,3,5,6,7,8,9,9a-octahydro-1H-
telluroxanthene-4-carbaldehyde81f. Reactions of28 with halogenating reagents
afforded the corresponding organylselenenyl hajidetenenyl chloride85, selenenyl
bromide36 and selenenyl iodid@7. Tellurides26 and22 were used as ligands for metal

complexation reactions.



Introduction

The chemistry of organochalcogen derivatives hawimigamolecular E-X secondary
bonding interactions (where E = Se Te; X = N, O3 la#tracted considerable current
interest owing to its applications in various felduch as; (a) in the isolation of
novellunstable organochalcogen compotthd) in organic synthesfs (c) ligand
chemistry’ and (d) enzyme mimeti#. For example, Wirth and co-work&shave
reported that due to the presence of intramolec8&rO interaction, an asymmetric
product was formed in the electrophilic selenengtatreaction of alkenes using
asymmetric selenium reagehtGoldstein and Burlingt al.!! have demonstrated that the
molecular structure of biologically active selerfazm was controlled by intramolecular
Se--O interaction. Diorganyl diselenides having weatkamolecular Se-O interactions
are considered to be important class of selenoeaz@utathione Peroxidase (GPx)
mimics!”? Wirth et al.l’@ were first to report the GPx-like activity of awelass of
diselenidesl containing an oxygen atom in close proximity te #elenium.Recently,
several other related derivatives such as chaledgenand their halides having oxygen
donating group such as formy2-7),® hydroxyl 8-10)," nitro (11-14,"% and amide
(15-16™ at ortho-position (Chart 1) have been reported and extehsatudied. Also the
O---Se IM-SBI has been probed by single crystahy®r ) NMR™® and theoretical

studied!¥
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Chart 1. Arylchalcogen derivatives witbrtho-oxygen donating atom

Compared to the arylchalcogen derivatives stalllizg IM-SBI with oxygen, the alkyl

analogues and in particular, the alicyclic analegu@ve not been systematically

investigated.



Some examples of relatgtaryltellurovinyl aldehydes and ketones have bespgred
by nucleophilic addition reaction of aryltellurcdainion (ArTé to a triple bond of:-
acetylenic aldehyde and keto®.Detty and coworkers have made a significant
contribution in the area gf-chlorotellurenyl ketoned7-201*®! Concerning chalcogen
derivatives of alicyclic substrates, though the tgais of di-(2-formylcyclohex-1-
ene)sulfide21™” has been reported, there is no report about thenimlecular interaction
and structural aspects. Minkin and co-workers hexplored the chemistry of di-(2-
formylcyclohex-1-ene)telluride®2-23and their derivative$® *® Mollier and coworkers
have studied related 3,4,5,6,7,8-hexahy2ie9-chalcaanthracene-1-carbaldehydds
26119

X CHO

X-E—O0" X-E—0* CHO E
) X l
N X

IE \
X
21 E=S, X=2-CHOCgHg 24E=S

17E=Se;X=Cl,Br 19E=S8eX=ClLBr 25 F=Te X=2-CHOC:H 25E=Se
_ X _ - 1 . 6r18
18E=Te; X=CIl,Br 20E=Te;X=Cl,Br 23 E=Te, X = Me 26E=Te

Chart 2. Alkylchalcogen derivatives with heteroatom (e. g.dOnating atom

The coordination chemistry of transition metalspm particular platinum group
metal ions Pd(Il) and Pt(ll), with heavier organaldogen (Se, Te) ligands has attracted
considerable current interdst® 2% These complexes have been used as catalysts in C-
C/C-E (E = S, Se,Te) bond formation. The complexatf Pd(Il) and Pt(Il) with heavier
chalcogen ligands not only leads to; (i) the foioratof coordinate complexes but also
(ii) to the cleavage of the E-C bond or (iii) eveomplete decomposition of complexes
under metallation. The cleavage of the C-E bonohastly observed for the Te ligands
which are stabilized by IM-SBI. For example, McWhie and coworkefs! have
observed dealkylation of 1,6-bis-2-butyltelluropiied,5-diazahexa-1,5-diene upon
complexation reaction with Pt£IA similar result has been also reported by Kermamt
co-workers?? 2-(2-Pyridyl)p-ethoxyphenyl-)tellurium, reacted with HgCht room
temperature to afford cleaved C-Te bdfit,while the reaction with Pd(Il)Gland
Pt(I)Cl; led to isolation of very complex systeff8.Singh and coworkers have reported

a facile C-Te bond cleavage/transmetalation in thaction of the 22-membered
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telluraaza Schiff base macrocycle with Hg€l and Pt(COD)GL?®® They have also
observed the facile cleavage of the C-Te bond irs[2H4,4-dimethyl-2-
oxazolinyl)phenyljtelluride,  bis[2-()-methylbenzylamino)methinyl)-phenyl]jtelluride
1,1'-(tellurobis(2,1-phenyllene))bis(N,N-dimethylthanamine) and  22-membered
azamacrocyclic on reaction with HgCIPd(GHsCN)ClL / Pd(COD)C} and PtCl
respectivef*® 21 An  analogous reaction of  bis[2-(4,4-dimethyl-2-
oxazolinyl)phenyl]telluride with a Pd(Il) chloridafforded a yellow-orange solid, which
was insoluble in common organic solvents, presuyndbé to formation of a polymeric
complex and further characterization could not deied out® Kauret al. reported the
cleavage of C-Te and Te-Te bond in bis[2-((dimethyho)methyl)phenyl]telluride and
ditelluride with P4 ions!*®! The cleavage of C-Te bond in these casesiis facilitated by the
strong N---Te intramolecular interaction, which involves donation of a nitrogen lone pair

to the o* orbital of the trans C-Te bond. In continuation of our work on intramolecularly
coordinated organochalcogens, we extend this worthé alicyclic systemf-chloro-
/bromocyclohexenal and report the synthesis anthtiea of the first structurally
characterized alicyclic diselenide and selenided #meir derivatives like halides
stabilized by intramolecular interactions and corapéde structural and reactivity with
the much studied aryl analogues. Along with thisalg® present stable metal complexes
of Pd(ll) and Pt(ll) of di-(2-formylcyclohex-1-ente)luride @2) and 3,4,5,6,7,8-
hexahydro2H-9-telluraanthracene-1-carbaldehy@é)( The C-Te bond remains intact in

these complexes.

Results and discussion

Synthesis

The precursorpg-chlorocyclohexenal7a was synthesized by treating cyclohexanone
with phosphoryl chloride inN,N-dimethylformamide by following the literature
proceduré®” g-Chlorocyclohexena27ais not indefinitely stable even on storing at low
temperature (-13 °C). After long periods of timen (& refrigerator), it suddenly
decomposes more or less violently with the evolutbhydrogen chloride and formation
of a black tar. Incautious distillation can alsadeo a similar resullherefore, we chose

another substitutef-bromocyclohexenal, which is more stable and quitsy to



handle®® For better yields of organochalcogens, it is esprepare this compound
freshly before use. The key chalcogen derivativ€2-dormylcyclohex-1-ene)diselenide
28 was obtained by the disodium diselenide rGttéScheme 1). The reaction always
gave a mixture o28 and di-(2-formylcyclohex-1-ene)seleni@® and it was difficult to
separate the mixture by fractional crystallizatidinese could be separated by column
chromatography with very slow elution using petooteether and ethyl acetate (0-2%) as
the mobile phase. The first fraction isolated ®8ssa pale yellow solid and the second
fraction was?29 as ayellow solid. Hence the yield ofhe desired productdi-(2-
formylcyclohex-1-ene)diselenid@8), was very low. Sypest al.® have also obtained a
mixture of bisp-formylphenyl)diselenides) and bis¢-formylphenyl)selenide3d) along
with other side products during the preparatiobisfo-formylphenyl)diselenides) from
o-bromobenzaldehyde. As expectgdchlorocyclohexenal7a is much more reactive
than the aromatic analoguechlorobenzaldehyde. Due to the higher reactivity2 ta,
the preparation of diseleni&S8 required very mild condition (8C) and short time (30
min) compared with the formation of bisformylphenyl)diselenide which occurred
under vigorous reaction condition {12 h room tengpere and further reflux for 6 h

containing hexamethylphosphoramide (HMPA)}.



e
NaZSez,THF, 0°C

1h X=Cl

CHO
@: Na,Te/Na,Te,
X
THF, 0 °C, 30 mir\ 30

27a, X = Cl N
, X=B
27b, X = Br r CHO

22 + 26 + | + fourth fraction

OH
31

Na,S, THF, 0 °C

> 21
1h,X=Br

Scheme 1Synthesis of alicyclic organochalcogens

Attempts to synthesiz80, the tellurium analogue a8 by the reaction of disodium
ditelluride with27b (Scheme 1), yielded a mixture of products; di¢gfylcyclohex-1-
ene)telluride 2218 3.4 5,6,7,8-hexahydraH-9-telluraanthracene-1-carbaldehyde
26),** 3 its precursor 9-hydroxy-2,3,5,6,7,8,9,9a-octahytbtelluroxanthene-4-
carbaldehyde31) and the fourth fraction {a mixture &2, 33 and 34°¥ (identified by
12Te NMR and mass spectrometry)}, instead of therdddditelluride.
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The products were separated by column chromatograging petroleum ether and ethyl
acetate (5%) as an eluent. The first fraction teolavas26 (3.04 g; 29%) as dark red
liquid and the second fraction was tellurig2 (2.01g; 12%) as light yellow solid. The
third fraction afforded tellurid81 (2.44 g; 22%) as deep yellaswolid. The fourth fraction
was as a pale white solid (combined yield 3.23 ggpanixture of32, 33 and 34 (vide
infra). It was only soluble in methanol and DMSO and Idonot be purified. The
products32, 33 and 34, presumably, formed due to the aerial oxidation edctive
telluride 22 (Scheme 2). A similar observation has been repdrjefelvakumaet al. in
the reaction of the n-butyltellurolate and 2-broBtert-butyl-isophthalic acid dimethyl
ester® The preparation of compoung&*® and 26 *?! has been reported in literature
using slightly different methods. To improve thelgi of telluride22, the reactior27b
was carried out with Nde. The reaction yielded the same mixture of fowdpcts;22
(0.82; 18%),26(1.26 g; 14%)31(1.11 g; 21%) and the fourth fraction (combineddjie
1.40 g) with only the ratio of products formed kgeutifferent. In both the cases the ratio
of the fourth fraction i.e. the oxidized productasahighest. The presence of the mixture
of oxidized product82, 33 and34 was evident from th&°Te NMR spectrum. Th&°Te
NMR chemical shifts for the compoun@®, 33 and 34 were observed at 12183),
118433, 1083(34)[33] ppm respectively. It was further confirmed by magsctrometry.
The mass spectrum of the fourth fraction showedetlprominent/z peaks aB81, 393
and 377 corresponding &2, 33 and 34 respectively The plausible mechanism for the
formation of22, 26, and31is given in Scheme 2. The formation of intermesi&, B
and C could occur due to N&e/NaTe, facilitated deprotonation d¥2 as indicated in
Scheme 2. Alternatively, NaOH, resulting from akpesed Na metal surface while
cutting and transferring into the reaction flasknact as base for the intramolecular
cyclization and elimination reaction. The areal dation of 22, presumably, occurs
during the workup in open atmosphere. In contth&t,aryl analogue a22, i.e., bisf-
formylphenyl)telluride 4) is quite stable and posed no such problems irkupd?® To
compare the structural features among monochaladggn di-(2-formylcyclohex-1-
ene)sulfidé” (21) was also prepared. It was obtained by treafliig with disodium
sulfide.
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Scheme 2Plausible mechanism for the formation26f 31, 32, 33 and34

The selenenyl halide885-37 were obtained by reactin@8 with different
halogenating reagents. The selenenyl chloB8ievas obtained as a pale white solid by
reacting28 with a stoichiometric amount of sulfuryl chlorid€he bromo- and iodo-
derivatives36-37 were synthesized by a similar method using storoleitric amounts of

bromine and iodine respectively (Scheme 3).

SO,Cl,/Br/l, dry CCl,, 0 °C CHO
. - (X
2h Se

/

X
35X =Cl
36 X =Br
37X =1

Scheme 3Synthesis of selenenyl halides



Complexation with Pd(1l) and Pt(ll)

Tellurides22 and 26 were used as ligands for the complexation studiks.reactions of

22 with Pd(GHsCN).Cl, and PtC] afforded the corresponding mononuclear complexes
38 as yellow solid and39 as a red solidScheme 4). These were recrystallized from a

mixture of dichloromethane/hexane (4:1).

CHO OHC CHO OHC
O( jO PtCl,, dry DCM Pd(C6H5CN)2C|2 O{ cl
22

Te—Pd—T

O{ JO 45 min, r.t. dry DCM, 40 min O{
CHO OHC CHO OHC

Scheme 4 Synthesis 088 and39

66

Interestingly, the reaction @6 with Pd(GHsCN),Cl,in CH,Cl, afforded Pd(ll) complex

40 as adimer (Mdeinfra) whereas PtGlielded 41as a monomer (Scheme 5).

PtCl,, dry DCM Pd(CgHsCN),Cly

26
2h,rt dry DCM, 30 min

Scheme 5Synthesis o0 and41

GPx-like activity

(33]

Diselenide28 was evaluated for its GPx-like antioxidant catalgctivity.”™ It is a more
efficient catalyst in comparison with ebselen, {&pyl-1,2-benzisoselenazol-3(2H)-one)
and bis¢-formylphenyl)diselenide. However di-(2-formylcyblexenyl)selenide 20)

does not show any significant GPx-like activity.
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Spectroscopic studies
() FT-IR: IR-spectroscopy is a wonderful experimental toastuidy the relative strength

of E-O interaction in carbonyl group coordinated orgdraoogen compounds.
Generally, the presence of weak to strongCE interaction involves the mixed
contribution of ¢ and its resonance form ¢’ for gp@und state electronic structure of
carbonyl substituted aryl/alkyl chalcogen compouf&sheme 6). As we can see from the
scheme, contributing form ¢’ has reduced C=0 douimad character. It is in turn
reflected in IR stretching frequency. Compoundshvatrong C=0-E interaction have

lower carbonyl stretching frequenoy£o) (Table 1).

O H H H
SeES r N o INNG A
/ / ~ , ’ ! B e / -
a b \/E i 3
R R R

i c c' or

H

No IM-SBI 21 Weak to strong IM-SBI 22 (@)
29 28
Se-$-

(5]

E=S, orSe, or Te
Scheme 6Possible structures of cyclohexenal based chalcegmpounds
For example, diselenid@8 has lowervc—o (1655 cni) than that observed for the
monoselenide29 (1663 cnt). This indicates either absence or presence of vesgkw
Se--O interaction in compound9. In accordance with this prediction, X-ray strueatu
analysis indicated the absence of--8einteraction in the latter systemide infra). In
general, the observation of split or doubleds indicatesthe distinct orientation of the
two carbonyl groups in diorganyl dichalcogenidesiorhalcogenides3(5). Hence, the

observation of doubleet-o (1669 and 1645 ci) for telluride22 could be due to the two
11



distinct orientations of the carbonyl groups wispect to the tellurium center. The
stretching frequency at 1645 €ncorresponds to the intramolecularly coordinated
carbonyl, whereas the peak at 1669 ‘crorresponds to the stretching of non-
coordinating carbonyl (supported by single cryskatray crystallography$> The
plausible reason for the presence of--Qe interaction in telluride22 could be the
increased polarizability of its valance shell elent in comparison to lower electron
polarizability of its lighter congeners sulfur agélenium. In aryl system&-p), there is

a significant reduction 0dC=0 stretching frequency of the carbonyl group Ined in
secondary interaction while going from S to Se ayst Although the stretching
frequency of C=0 involved in secondary bonding ensistemt is relatively unaffected
in comparison to selenium systef) the generally observed trend from X-ray analysis
and computation is that F€© interaction is much stronger than the-Seinteractior*

%1 Therefore, good acceptors Te-G*  or Se-Se ¢*) orbitals facilitate adaptation of c-
like structures (c or ¢, e. 8 and 22) and poor acceptors S-C/Se-G*) orbitals
facilitate the adaptation of its structural isomdike structure (e.@1 and29). A single
Ve=o frequency was observed for the metal com@8X1675 cnm'). The reason for the
observation of the singhe--ofor the carbonyl groups &8 is unclear. Two distinatc=o,
1669 and 1678 cih) have been observed for the metal com@6x It indicates the
presence of slightly different carbonyl groups ompound39. The observation of two
different Te--O distances from X-ray analysiside infra) further corroborates with IR
analysis. It is interesting to note that there g8gmificant increase ofc-0 1675 and 1678
cmi* for 38 and 39 respectively from the ligandc-o (1669 and 1645 ci. This could

presumably be due to retraction of the flow of &tat density to the carbonyl group via

12



o,-unsaturated carbongtframework. It could occur as a consequence Te-bbnding
interaction. In other words, due to the Tedvbonding, the extent of conjugation is
slightly reduced in theS-unsaturated carbonyt-framework of the coordinated ligand
(22) in comparison to its unligated form. The longer- Qe distances (2.688(4) and
2.940(6) A) (ide infra) observed for38 in comparison to the corresponding distance

observed in free ligan22 (2.662 A}*® further supports the IR analysis.

Table 1.!H, "Se NMR chemical shifts and IR stretching frequescie

Compound H "Se[*Te | FT-IR | Compound H "SeP* Te | FT-IR veo
Entry NMR | NMR Vc=0 Entry NMR | NMR (cm™)
CHO | (ppm) (cm™) CHO | (ppm)
(Ppm) (ppm)

21 10.41 - 1663 215 10.33 - 1674

29 10.20 370 1663 3¢l 10.28 393 1652, 1681

22 9.99 764 1669, 4] 10.27 686 1654,1694

1645
28 9.97 490 1655 51 10.20 468 1665, 1692

(i) *H, "’Se and'*Te NMR studies

Interestingly, in*H NMR spectra oR2 and28, the aldehydic peaks are upfield shifted as
compared with their aromatic analogué§! and5®? (Tablel) respectively. In selenenyl
halides also, the formyl protons are shifted toup&eld region (9.5635, 9.43;36, 9.08;

37) as compared with the aromatic analogt@$10.27 ppm) andb (10.12 ppm) (Table
2)B1 Further the coordination of tellurium with Pd/Ptdnmplexes38-41, leads to an
upfield shift of the aldehydic protons comparedhte ligand22 (9.99 ppm) an@6 (9.77
ppm). The'H NMR spectrum of the mixture of three compour®8 83 and34), did not
exhibit any peak in the region of aldehydic prot@mly broad peaks were observed in
the region of 2.48-1.55 ppm corresponding to tieyelic protons.

13



Table 2.*H, ’Se NMR chemical shifts of selenenyl halides

Compound| 'H NMR 'Se NMR | Compound| 'H NMR 'Se NMR
Entry CHO (6ppm) Entry CHO (dppm)
(5ppm) (5ppm)
35 9.56 1266 749 110.27 1114
36 9.43 1234 769 110.12 1030
37 9.08 1040 - - -

For compound28, the "’Se NMR chemical shift was observed at 490 ppmchviis
significantly downfield shifted with respect ® (468 ppm) (Table 1% The relative
downfield shift indicated the presence of stronigétamolecular SeO interaction in28
compared tcd. This was confirmed by X-ray structurdde infra). However, the'’Se
NMR spectrum oR9 shows peak at 370 ppm which is significantly upfi@s compared
with 393 ppm for3.2 This indicated the absence of 82 intramolecular interaction in
29 (vide infra). In the case 022,'*°Te signdf® is observed at 764 ppm which is quite
downfield shifted with respect to tHé°Te peak observed for the (686 ppm§e. This
again confirms the presence of stronger intramddecie-O interaction ir22. The’’Se
chemical shift of35 (1266 ppm) is significantly downfield from that mped for 2-
formylphenylselenenyl chloridga (1114 ppm)®" 9 Similarly, the chemical shift of
selenenyl bromide36 (1234 ppm) is much higher than those reported fer 2
formylphenylselenenyl bromide 7b (1030 ppmj" 9
(bromoselanyl)benzoate (1042 pp).

In the cases 088 and 39, the '*Te NMR peaks appeared at 837 and 818 ppm
respectively which are expectedly in deshieldedoregs compared witB2 (764 ppm).

and methyl 2-

In the cases of metal complexé®and41, **Te peaks are observed at 685 and 573 ppm
respectively and are upfield shifted with resgedhe'*Te peak observed for the ligand
26 (834 ppm). This is probably due to the back damatif electrons from metal to the Te
centerd?”]

Mass spectrometric studies
The HRMS of compounds showed peaks at 273.9824Na]’(21), 378.9735 [M+H]
(28), 299.0557 [M+H] (29), which are in good agreement with the correspund

14



calculated values of 273.0925 [M+Ng1), 378.9715 28) and 299.0550 20)
respectively. The mass spectrum of the mixturehcée products showed peaksnalz
381 [M+H]" (32), 393 [M]" (33) and377 [M+H]" (34). The mass spectrum 89 showed
molecular ion peak atvz 958 [M+H]J". In the case o#0, the molecular ion peak could
not be observed. The base peak observedarwat330 corresponds to the ligand
[C14H160Te]" and shows very low intensity peak @z 487 corresponding to the
[C14H1805TeCIPd]. The Pt(ll) complex ofi1 shows a very low intensity peakratz 944
[M+Na]".

X-ray crystallographic studies

Molecular structure of 21

The molecular structure of compoud is depicted in Figure 1 along with significant
bond lengths and bond angles. The geometry ardwenduifur atom is V-shaped with the
bond angle (<C8-S1-C7) being 100.93(6)°. This isselto that observed for related
aromatic derivative  bis[2-(4,4-dimethyl-2-oxazolyphenyl]sulfide  (103.8(2)°}®
Interestingly, the oxygen atoms of both the forrmggdups are positioned away from the
sulfur center, whereas in the case of bis[2-(4iedhyl-2-oxazolinyl)phenyl]sulfide, one
of the oxazolinyl ring was intramolecularly coordiad through its nitrogen atom to S.
The S-C bond distances of 1.776(1) S1-C8 and 11J&/S1-C7 compare well with the
S-C bond distance of 1.774(4) A reported for big[&-dimethyl-2-
oxazolinyl)phenylJsulfidd>®!

15



Figure 1. Molecular structure of compoun2il. Selected bond lengths (A) and bond
angles (°): S1-C8 1.776(1), S1-C7 1.777(1), O1-CD9(2), O2-C15 1.213(2), C8-S1-
C1 100.93(6).

Interestingly, in molecul@1, instead of SO intramolecular interaction, a short C-8
intramolecular interaction was observed. The shteratomic distances between sulfur
and hydrogens (C-HS) are 2.685(3) and 2.661(4) A with bond angles.3(@3% and
106.6(1)°. These are significantly shorter than ¢he of the bond distance of van der
Waals radii of sulfur and hydrogen atoms (2.89°A)The presence of a weak C3
intramolecular interaction was further confirmedMBO (Natural Bond Orbital analysis)
and AIM (Atoms in Molecules) analysiside infra). The packing diagram &1 shows
two weak C-H-O-intermolecular interactions (Figure S64). The datistances are
02--H11B and O%-H13A 2.4601(1) and 2.588(1) A respectively which kss than the
sum of the van der Waals radii O2+H1B (2.72 A). Hond angle <C11-H11B-02 is
168.24°.

Molecular structure of 29

The molecular structuref 29 (Figure 2 is similar to that of the corresponding sulfur
compound21. The geometry around the selenium atom is V-shapéd <C(1b)-Se-
C(1a) bond angle of 98.9(11)° which, as expecisdlightly less than that &1 (C-S-C
100.93(6)°) but more than that #2 (C-Te-C 95.8(3)°}** The C1A-Se-C1B bond angle
in 29 is close to that reported for the structure3q®7.8°®”. Similar to compoun@1,
both the oxygens of formyl group &9 aretrans(or anti) to the selenium center. This is
in contrast to the aromatic compound3® and alicyclic  di-(2-
formylcyclohexenyl)telluride22%) where one of the oxygen atoms lies in the plane
thereby forming a five-membered heterocyclic aintramolecular E-O coordination.
Theoretically, one can predict three possibj@,(syn), (syn, anti), (anti, anti) isomers for
di-(2-formylcyclohexenyl) chalcogenidegde infra). However, from the basic principles
of organic chemistry one would anticipate thatti, anti) configuration is the most stable
configuration due to the higher stability toéns-a,/-unsaturated carbonyl systems with
respect tocis-a,/unsaturated carbonyl systems. It is indeed fowrdtlie sulfur and

selenium system®1 and 29 respectively. The finding ofsyn, anti) configuration for
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compound22 with a relatively strong TeO interaction could be due to the highly
polarizable nature of the valence shell electrdritglturium center in its low-valent state.
It appears that stabilization energy resulting fréer-O interaction contributes to the

reorganization energy required for rearranging f{anti, anti) to (syn, anti) orientation.

Figure 2. Molecular structure of compoun2. Selected bond lengths (A) and bond
angles (°): Se-C1A 1.946(1), Se-C1B 1.927(3), C3B-C1A 98.9(1), C7-H®%Be 2.723,
C14-H18--Se 2.763.

Similar to the sulfur analogu@l, in molecule29, a short C-HSe intramolecular
interaction was observed. The short interatomictadses between selenium and
hydrogens (C-HSe) are 2.763A and 2.723 A which are significastiprter than the
reported for diselenodff?’ (2.92 A) and are in good agreement with reportézycic
bis(2-hydroxymethylcyclohex-1-ene)selenide (2.7h@ a.704 A¥*®! The C-H-Se bond
angles for29 are 108.4 and 110.618which are close to C-tbe bond angles of bis(2-
hydroxymethylcyclohex-1-ene)selenide (110.8° and.4%) and diselenocin (101.7° and
107.0°). The presence of C-tbe intramolecular interaction was further proved\BO
and AIM (vide infra).

Computational studies

To gain more information about the intramolecularHE(E = S, Se) interaction, density
functional theory calculations were carried outngsiGaussian09 suite of prograffts.
The geometry oR1 (Table S1)and29 (Figure 3, Table S2) was optimized at B3LYP/6-
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31+g(d) basis setThe NBG®! and AIM*? calculations were carried out using 6-
311+g** basis set. The optimized bond distanceklaond angles are in good agreement
with the experimental values. The calculated boisthdce for S-H distances (2.651 A)
and Se-H distance (2.705 A) are close to the experimersghles (2.685(3) and 2.661(4)
A; 21 and 2.763 A and 2.723Ap9. Further, the NBO analysis with second-order
perturbation method reveals that a stabilizingtatbnteraction is operating between one
of the E (S, Se) lone pairs with the Cet orbital of the formyl group. The NBO second-
order perturbation energies for G418 (21) and C-H--Se @Q9) are 0.79 kcal méifor (Ec.
h-s) and 1.22 and 1.24 kcal molEc.-sd respectively. The latter is in good agreement
with those reported for bisfformylphenyl)diselenid&? Apart from this we have studied
the relative energies among three conformer@%fi.e., 9a(syn, anti), 29b(syn, syn)
and 29qanti, anti)) in detail. Computed relative energies of thee¢hmost important
conformers are given in Figure 3. The relative gigsr of the conformers are in the order
of 29b(-3094.1853760 Hartree) 29a (-3094.1945698 Hartreey 29c (-3094.1956416
Hartree). Based on these energies we can infer2@@aanti, anti) when hydrogens,
instead of oxygen are isyn configuration with respect to the selenium is geécally

more favorable.
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Figure 3. The B3LYP/6-31+g(d) optimized geometries28f

The presence of C-HE interaction was further confirmed by AIM. On gang out AIM
analysis of21 and 29, the bond critical points were located in betwézh:--E which
confirms the presence of C-HE short interaction (Figure S71). The values ottets
density p) at the bond critical point (bcp) for C-B (E = S, Se) were 0.01421) and
0.0144 and 0.0143 a.a9). The negative values of total energy densiitgt bcp observed
for E-- H-C interaction support the contribution of covaleharacter and in corollary
with orbital interaction energyEt..g) predicted by the NBO analysis (Table 3).
Although Se- H-C interaction is predominantly covalent, the olsagon of positive
value of Laplacian®{p) at the bcp (Table 3) implies the fact that thasiderable ionic

contribution to the C-H E interaction cannot be ruled out.
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Table 3. Summary of quantum chemical calculatian®land29

Compound | Ec.h-gkcal mol* | pcy-g a.u. V%) ek H
21 0.79 0.0142 0.0474 -0.0016
29 1.22,1.24 0.0144, 0.0143 0.0435, 0.043-.0014, -0.0014

AIM calculations were carried out at the B3LYP/6134** level.

Molecular structure of 28

Compound?8 crystallizes inP-1 space group with two molecules in the asymmeitni¢
Out of the two molecules, one has a transoid gegn€l5-Se4-Se3-C15, 102.84°) and
the other has a cisoid geometry (C1-Se2-Sel-C9028% Interestingly, in the case of
aromatic analoguB,*? both the molecules in the asymmetric unit haveidigeometry
with the torsion angles of -86.28nd -86.32 The geometry around each selenium atom
is approximately T-shaped (cisoid conformer, Figdje The Se-Se distance [Sel-Se2
2.357(2) A] is comparable to the values of Se-Salttistances reported for related

diselenided***°!

Figure 4. Molecular structure of compoun28. Selected bond lengths (A) and bond
angles (°): Se104 2.657(1), Se201 2.637(1), Sel-Se 2.357(2), C1-Se2-Sel-C9, -
84.02.

The Se-O distances Sel04 2.657(1) and Se201 2.637(1) A), are much longer than
the sum of the covalent radii (1.89 A) of seleniamd oxygen'® however, these
distances are much shorter than the sum of theirdea Waals radii (3.42 AY” These
Se--O distances are significantly shorter than thosenked fos** (2.720-2.751 A) and
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38! (2.806 A). The packing diagram shows two typesaofveak C-H-O hydrogen
bonding (Figure S65). The-HO bond distances of H4B01 and H7B-0O4 are 2.500(1)
A and 2.544(1) A respectively with bond angles G7B3--04 (177.4°) and C4B-
H4B--0O1 (162.2°) and eventually form the two dimensianetivork.

Molecular structure of 31

The coordination geometry around the tellurium atsm-shaped in which the tellurium
is directly bonded to two carbon atoms and intraoollarly coordinated to the oxygen
atom of formyl group with bond angle of O-Te-C148517(5)° (Figure 5). The T€O
bond distance { 2.720(6) A } is comparatively longean the observed f@6 {2.591(5)
A} B2 and22 (2.662 A)*! This is probably due to high conjugation and pseamatic

character ir26 which is lacking ir31.
o1

Figure 5. Molecular structure of compoun8l. Selected bond lengths (&) and bond
angles (°): Te-O1 2.720(6), Te-C1 2.099(6), Te-A149(2), C7-01 1.196(1), C8A-02
1.421(2), O-Te-C14A 165.7(5), C1-Te-C14A 94.87(4).

The two-dimensional packing diagram shows ©@intermolecular hydrogen bonding
with O1:--H2 bond distance of 2.052(2) A which is much shottian the sum of their
van der Waals radii (2.72 A) (Figure S66).

Molecular structure of 36
Molecules 0f36 crystallize in triclinic crystal system witR-1 space group with two
molecules present in the asymmetric unit (FigureT®e asymmetric unit contains two

crystallographically independent molecules (A andwvBth slight differences in bond
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distances and bond angles. The coordination gegraetund selenium (SelA) or SelB
is T-shaped. The intramolecular-S@ bond distances are 2.111(1) A (Sei®1A) and
2.116(1) A (Se1B-01B). These SeO bond distances are much shorter than the sum of
the van der Waals radii (3.42 A) and are slightlyder than the sum of the covalent radii
(1.89 A) of selenium and oxygen atéf¥l. These Se O distances are much shorter than
the Se-O distances of 2.305(2) A and 2.420(2) A report@d7b and42, respectively.
The Se-C bond distances are 1.87 A (SelA-C1A 1139%el1B-C1B 1.873(2)), are
shorter than those reported for [2-(4,4-dimethyx&zolinyl)phenyl]selenenyl bromide
(1.926(4) A)*"! TheSe-Br bond distances of 2.487(3) and 2.509(3) A6rmre slightly
elongated as compared to that reported7foi(2.403(4) A" and 42! (2.371(9) A).
This strong SeO interaction is also reflected in O1B-SelB-BrlBnthoangle of
178.8(3)° which is close to the linear arrangenaantompared with the reported value of
O--Se-Br 166.31(7)° for selenenyl bromida**

OMe
(@]
t-Bu SeBr
OMe
(@)
42

Although the molecule is monomeric, it is furthéalslized by a weak intermolecular
SelB-BrlA interaction with another molecule presenthia asymmetric unit (Figure 6).
The intermolecular SetBBr1A bond distance 3.654(3) A is about 0.1 A higtiem that
reported for [2-(4,4-dimethyl-2-oxazolinyl)phefnglenenyl bromide (3.556(9) &j
and of slightly lower (~ 0.08 A) than the sum o tan der Waals radii of selenium and
bromine atom (3.73 A
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Figure 6. Molecular structure a36 showing the two molecules of asymmetric unit glon
with intermolecular SeBr interaction. Selected bond distances (A) anddbamgles(°):
BrlA-SelA 2.487(3), SelB-BrlB 2.509(3), Br1:8elB 3.654(3), SelA-C1A 1.898(1),
SelB-C1B 1.873(2), SelA-Ol1A 2.111(1), SelB-O1B @&(1), SelA-BrlA-SelB
171.69(1).

Iwaoka and coworké& 9 have shown a linear correlation between the wlaie-O
distance and the logarithm of the n{@j*Se orbital interaction energy (Figure S69).
Using the correlation plot, an interaction ener@iy’®.25 kcal mof is estimated foB6.

This is the highest interaction energy reportedafoy selenenyl bromide.

Molecular structure of 39

The molecular structure @0 reveals that Pt is bonded to the two chlorine atamd two
alicyclic unitsvia tellurium atoms (Figure 7). Interestingly, botle thxygen atoms of the
formyl groups are intramolecularly coordinated e tellurium atoms with FeO bond
distances of 2.688(4) and 2.940(6) A.
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Figure 7. Molecular structure of compour. Selected bond lengths (A) and bond
angles (°): Te-C1B 2.129(6), Te-C1A 2.171(6), P2C319(1), Pt-Te 2.584(3), Te-Pt-Te
180.0, C1B-Te-C1A 96.0(2).

Thus, the tellurium atoms behave simultaneouslyesis acid as well as Lewis base.
The Pt-Te bond distance observed, 2.584(4) isiirataeement with reported Pt-Te bond
distances of 2.518(6) 'R and 2.528(5) A The packing diagram 089 shows
intermolecular hydrogen bonding between formyl atygf one molecule and formyl
hydrogen of the other molecule (Figure S68). Trstadice between H7BA and O1A is
2.477(4) A and bond angle <C7B-H7BA-O1A is 149.7(Mhe molecular structure of
compound38is similar to the molecular structure 38, but good quality of single crystal
suitable for X-ray analysis could not be obtain®leése see supporting information,
Figure S67).

Molecular structure of 40

Complex40 (Figure 8) crystallizes as a dimer and is associated with molecules of
dichloromethane. The geometry around palladiumswded square planar in which Pd
Is surrounded with three chlorine atoms and onartein atom with bond angle of CI-
Pd-Cl 178.75(7)°. The geometry around telluriumdistorted tetrahedral in which
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tellurium is bonded with two carbon atoms and imiéecularly coordinated with oxygen
atom. The Pd-Te and Pd-Cl (terminal) bond lengthiare 2.516(1) A and 2.291(2) A)
respectively which are slightly shorter than theTRd(2.546(6) A) and Pd-Cl (2.360(2))
bond distance of related $2-Me;NCH,CsH4TeLCl..*® The Pd-Te, Pd—CIf(Cl) and
Pd—Cl (terminal) bond distances are 2.516(1), 220%nd 2.291(2) A, respectively
which are in good agreement with those reportecaf@ogous complexes of palladium
with Pob(p-Cl)2Clo(TeMes),?%! ((Pd-Te (2.506(14) A), Pd—CIi{Cl)2.403(4) and Pd-Cl
(2.290(4) A), bis(trimethylsilyimethyl)tellaf®® (Pd-Te (2.591(5) A) and Pd-Cl (2.30(1)
A) and N-morpholing (Pd-Te 2.505(6) A, Pd(1)-Cl(1) 2.357(2) A, Pd(lf2L
2.288(2) A).

Figure 8. Molecular structure of compourdD. Selected bond lengths (A) and bond
angles (°): Tet-O1 2.652(7), Tel-C8 2.111(9), Tel-C14 2.119(8),-Pdl 2.516(1),
Pd1-Cl2 2.291(2), Pd1-CI1 2.329(2), C8-Tel-C14 @&,6C8-Tel-Pdl 105.5(2), CI2-
Pd1-Cl1 178.75(7).

Molecular structure of 41
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The platinum complex41l, crystallizes as a monomer with two molecules of GHC
solvent (Figure9). Although the % R factor for crystal data refiment is high (14.5%),
the X-ray crystallographically observed elementamposition of the compoundl
indicating coordination of two molecules @6 to PtC}, confirms to the elemental
composition measured in elemental analysis. Therghton ofm/z corresponding to
[41+Na] in mass spectral analysis also indicated the doatidn of two molecules 6

to PtCh (videsupra). The X-ray structure indicated that the geomangund platinum is
square planar in which both of the chlorine atonesia cis configuration. All the atoms,
PtTeCl,, involved in complex formation are in the samenplaconfirming its square
planar geometry. However, due to the bulkinesshefligand26, Tel-Pt-Te2 angle is
slightly obtuse (96.43(8), which in turn affects the other angles withiamp. A similar
cis configuration was observed in [Pt(TeM£sppp)].3GHs complex®® The bond
distance between Te and oxygen is 2.644(7) A wisiagklatively longer than that found
in the corresponding ligan26 (Te-O; 2.591(5) A). The Pt-Te bond lengths4ih are
2.542(2) and 2.551(3) A are slightly longer than the reported for

[Pt(TeMes)(dppp)].3GHs (2.6394(3)A)>?
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(41a) (41b)
Figure 9. Molecular structure of compoundll. (418 one unit; 41b) two unit with
CHCI; solvent); Selected bond lengths (A) and bond an(le Tel-O1B 2.644(7), Pt2-
Te3 2.542(2), Pt2-Te4 2.551(3), Pt1-Cl1 2.311(6)-®2 2.338(7), Ptl-Tel 2.538(19),
Ptl-Te2 2.541(19), Cl1-Pt1-Te2 172.75(18), CI2-P¢l- 175.5(2), Cl2-Ptl-Te2
82.74(18),Tel-Pt1-Te2 96.43(6), Cl1-Pt1-CI2 90.4(2)

For all the four complexe88-41there was no cleavage of C-Te/Te-Pd bond observed
even in the presence of strong intramoleculaf-@enteraction. This could be due to

stronger Te-C bond present in alicyclic systems.

Conclusion

Di-(2-formylcyclohex-1-ene)sulfide21 and di-(2-formylcyclohex-1-ene)seleni@® do
not exhibit any intramolecular-£0 interaction. In both the chalcogenides, the fdrmy
groups are in anti configuration with respect t® tbhalcogen (S/Se) atom3he
structural comparison of monochalcogenides (21, 22 and 29) indicates that, for
compounds 21 and 29 the prevalence of (anti, anti) configuration dominates over (syn,

anti) configuration with the intramolecular E--O (E = S $e) interactions. Whereas the
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latter configuration predominates over the former in tellurium system 22 due to
propensity of low-valent tellurium to form a relatively stronger Te--O interaction in
relation to its lighter congeners (Sand Se). From the current results and their comparison
with the aromatic analogues, however, it is obskréleat the strength of S®©
intramolecular interactions in alicyclic diselenidad their halide derivatives is greater
than the aromatic counterparts. This is probabky uthe incomplete delocalization of
the lone pair of electrons present on the oxygeamgbund3l, an intermediate in the
formation of 26, has been isolated. The formation of a dimex intermolecular
interaction in36 is unusual. Monotelluride®2 and26 afforded complexes of Pd(l§nd

Pt(I) without cleavage or transmetallation ocaugrduring metallation.

Experimental section

All the organochalcogen compounds were synthesiaader nitrogen or argon
atmosphere using standard Schlenk line technidb@sent were purified and dried by
standard procedures and were freshly distilledrpigouse® All the chemicals used
were reagent grade and were used as receivedniyi@itints were recorded in capillary
tubes. The NMR spectra were recorded in G36lvent The *H (400 MHz/500 MHz),
13C (100/125 MHz),’’Se (76.4/95.4 MHz) ani°Te (126.3/157.8 MHz) spectra were
recorded on a Varian Mercury plus or Bruker Avaspectrometer. Chemical shifts cited
were referenced with respect to TMS fti @nd*>C) as internal standard and )8e (for
"Se), MeTe (for ***Te) as external standards. Elemental analysis vesormed on
Carlo-Erba model 1106 and Eager 300 EA112 elemamialyzers. The IR spectra were
recorded in the range 400-4000 timy using KBr pellets for solid samples on a Thermo
Nicolet Avatar 320 FT-IR spectrometer. Mass spé¢ivis) studies were completed by
using a QTOF Micro mass spectrometer with electasponization (ESI) mode
analysis. In the case of isotopic patterns, thaievab given for the most intense
peak. In column chromatography, silica gel was uaeda stationary phase whereas

petroleum ether (60-80°C) and ethyl acetate weed as mobile phase.
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1. Synthesis of 24'™ To a stirred solution of disodium sulfide (0.557gl mmol) in dry
THF (50 mL) was adde@l-bromocyclohexena27b (3.66 g, 14.1 mmol) a °C. The
reaction mixturewvas stirred for 30 min and monitored by TLC (5%rpktum-ether and
ethyl acetate)The resultant mixture was poured into water andaeixtd with ethyl
acetate. The organic layer was dried ovesS@a and concentrated under vacuum to give
a pale yellow liquid. The liquid was triturated Wwihexane to obtai@1 asan off white
solid. Yield: 0.49 g (58%). mp. 140-14Z (Lit.138-139°C); 'H NMR (400 MHz,
CDCL): 8(ppm) 10.41 (s, -CHO, 2H), 2.41-2.34 (m, 8H), 11764 (m, 8H);"*C NMR
(CDCly): & 21.3, 23.3, 24.5, 34.4, 142.4, 151.7, 190.9; EBMS$: m/z calcd. for
CiH1sSONa: m/'z 273.0925; Found: 273.0924 [M+NaJFT-IR ve-o 1663 cnt. Anal.
Calcd for G4H18SOx: C, 67.16; H, 7.25; S, 13.81; found C, 67.36; 1267 S, 15.14.

2. Synthesis of 28:Disodium diselenide wasynthesized according to literature
procedure using freshly cut sodium (1.59 g, 70.0ofpnselenium (5.58 g, 70.0 mmol), in
the presence of a catalytic amount of naphthalenelry THF (50 mL) under N
atmospher&! To this purple colored reaction mixturgchlorocyclohexenal 27af**
(10.1 g, 70.0 mmol) was added at@ After stirring for 1 h at ice cold temperatutiee
mixture was allowed to come to the room temperaame the stirring was continued for
an additional half an hour. Then the reaction mixtwas poured into water and filtered
through sintered funnel and extracted with ethdre Drganic layer was dried over
NaSO; and concentrated under vacuum to give a yellowdigontaining the mixture of
di-(2-formylcyclohexenyl)diselenid28 and di-(2-formylcyclohexenyl)selenid29. Both
the compounds were separated by column chromatograping 2% ethylacetate in
petroleum ether. The first fraction obtained wag2diormylcyclohexenyl)diselenid28
as a pale yellow solid and the second fractions #ig2-formylcyclohexenyl)selenid29
as a Yyellow solid. Di-(2-formylcyclohexenyl)diselda 28 was recrystallized from
ethylacetate/ petroleum ether. Yield: 1.21 g (686, 123-125°C; 'H NMR (400 MHz,
CDCl): 8(ppm) 9.97 (s, -CHO, 2H), 2.70-2.66 (m, 4H), 2.462(m, 4H), 1.76-1.68 (m,
8H); *C NMR (CDCh): & 21.7, 24.1, 26.3, 35.6, 136.3, 154.8, 197%8e NMR
(CDCly): & 490; ESI-HRMSmVz calcd. for GsH1gSe0, [M]* 378.9715; found 378.9735.
FT-IR (bc=0) 1655 cnt. Anal. Calcd. for GH1sSe0,: C, 44.70; H, 4.82; found C,
44.80; H, 4.59.
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29 : Yield: 2.081 g (40%); mp. 125-12C; *H NMR (400 MHz, CDCY): §(ppm) 10.20
(s, -CHO, 2H), 2.51-2.50 (m, 4H), 2.39-2.38 (m, 4H)71-1.68 (m, 8H)*C NMR
(CDCL): & 21.4, 23.9, 25.2, 36.5, 141.5, 151.3, 192’82 NMR (CDC}): & 370; ESI-
HRMS: m/z calcd. for G4H1sSeQ: 299.0550; found: 299.0557 [M]FT-IR vc-o0 1663
cm™. Anal. Calcd for GH1sSeQ: C, 56.57; H, 6.10; found C, 56.08; H, 5.80.

3. Synthesis of compound 3Misodium ditelluride was prepared by a similar @dare
as adopted foR8 using Te powder (4.01 g, 32.1 mmdheshly cut sodium (0.74 g, 32
mmol), catalytic amount of naphthalene and THF i@#0).*! After the addition ofs-
bromocyclohexena7b (5.99 g, 32.1 mmol) at €&, the reaction mixture was allowed to
stir for 45 min. After stirring for 45 min the ret#on mixture was poured into water and
workup was performed following a similar procedasedescribed fd29 to get an orange
oily liquid. Purification by columrchromatography (3% ethyl acetate/petroleum ether)
gave four products instead of ditelluri@®. The first fraction isolated w&26 (3.04 g;
29%) as dark red liquidnd the second fraction was tellurid®2 (2.01g; 12%) as light
yellow solid. The third fraction afforded telluridd (2.44 g; 22%) as deep yellow. The
fourth fraction was as a pale white solid (3.2&g)n oxidized product8Z-34) of 22.

Compound 261 *3 Dark red solid, Yield: 3.04 g (29%); mp. 94-88; 'H NMR (400
MHz CDCk): 8(ppm) ) 9.77 (s, -CHO, 1H), 6.58 (s, 1H) 2.86-2t83(= 6.0 Hz, 2H),
2.70-2.68(m, 2H), 2.55-2.54(m, 2H), 1.95-1.90 (iH),21.84-1.76 (m, 4H), 1.75-1.74 (m,
2H); °C NMR (CDCEk): & 23.2, 23.4, 23.5, 30.6, 33.1, 33.6, 35.7, 1254,9, 128.0,
131.1, 133.5, 133.9, 139.0, 139.5, 147.4, 185°Te NMR (CDC}): & 834 ppm; ESI-
HRMS: mvz calcd. For G4H1¢0Te: 331.0332, Found: 331.0343 [M]Anal. Calcd for
Ci14HooTeOs: C, 48.3; H, 5.79; found C, 48.7; H, 5.17.

Compound 22: Pale yellow crystals, Yield: 2.01g (12%); mp. 188 °C (Lit.137-138
°C); 'H NMR (CDCL): 8(ppm) 9.99 (s, CHO, 2H) 2.64-2.49 (m, 8H), 1.7821(, 8H);
»Te NMR (CDC}): 3 764; Anal. Calcd. for GH1sTeO,: C, 48.61; H, 5.25; found C,
48.72; H, 5.20,

Compound 31: Deep yellow solid, Yield: 2.44 g (22%); mp. 14021%; 'H NMR
(CDCl): 6(ppm) 9.69 (s, CHO, 1H), 3.95 (d~= 10.04 Hz,1H), 2.66-2.44 (m, 4H), 2.34-
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2.05 (m, 4H), 1.82-1.34 (m, 6HC NMR (CDCE): § 21.8, 23.1, 23.7, 25.9, 27.0, 29.8,
33.6, 48.4, 78.9, 113.0, 132.2, 141.7, 148.9, 19%Be NMR (CDC}): 5 616; Calcd. for
CuH1sTeOy: C, 48.61; H, 5.25; found C, 48.95: H, 4.79.

Mixture of compounds 32 33 and34%: Pale white solid, Yield: 3.23 g ; mp. 185
(decomposed), 164-16€; **Te NMR (CDC}): 8(ppm) 1214, 1184, 1083; ESI-M8Vz
Calc. for [G4H1g04Te] 32, 381 [M]', 33 mVz [C14H1g0sTe]; 393 [M]" and 34 mz
[C14H1604Te]; 377 [M]'.

3. Synthesis of compound 28# Compound22 was prepared by a modified synthetic
procedure. To the stirred solutioniofsitu generated disodium telluride (sodium (1.25 g,
54.3 mmol) and tellurium (3.45 g, 27.1 mmol) in diHF (80 mL) in presence of
catalytic amount of naphthalef¢) was addeg-bromocyclohexena7b (10.27 g, 54.3
mmol) under inert atmosphere at’0. After stirring for 0.5 h at 0C, the reaction
mixture was poured into water and workup was perémt following a similar procedure
as described fo29 to get an orange oily liquid. Purification by coiochromatography
(3% ethyl acetate/petroleum ether yielded the stoue products as obtained from the
reaction of30. The yield of four products ar@6 (1.26 g; 14%)22 (0.82; 18%)31(1.11

g; 21%), fourth products3@¢, 33and34): 1.40 g).

4. Synthesis of 35To an ice cold solution of di-(2-formylcyclohexejgiselenide28
(0.10 g, 0.27 mmol) in dry Cglwasadded an excess of g0, (0.08 g, 0.7 mmol) in
CCl (10 mL). The reaction mixture was allowed to str 1.5 h at room temperature.
The resulting solution was concentrated and trieatawith hexane to give85 as
yellowish white solid. Yield: 0.310 g (29%); mp 75°C; 'H NMR (400MHz, CDC}): &
9.56 (s, -CHO, 1H), 3.08 (m, 2H), 2.79-2.74 (m, 2@)91-1.82 (m, 4H)**C NMR
(CDCL): 6 21.4, 22.6, 24.8, 32.9, 131.4, 186.2, 189’6e NMR (CDC}): & 1266; ESI-
MS: nvz calcd. for GHgOSeCl: 222.5; found: 188 [M-CI] (100%). Anal. Calcd. for
C/HyOSeCl: C, 37.61; H, 4.06; found C, 37.2; H, 4.02.

5. Synthesis of 36To astirred solution of di-(2-formylcyclohexenyl)diseide 28 (0.21
g, 0.56 mmol) in dry CGI(10 ml) was added the CQolution of bromin€0.20 g, 1.2

mmol) at 0°C. The reaction mixture was stirred for 1.5 h abtmotemperature and

31



monitored by TLC. The resulting solution was concaed to get brown-yellow liquid
and kept in refrigerator to solidify. Analyticalljure sample 086 was obtained by the
recrystallization of the solid with CHgpentane solution as a light yellow solid. Yield:
0.301 g (30%); mp 80-8%; *H NMR (400 MHz, CDCJ): 5 9.43 (s, -CHO, 1H), 3.03-
3.00 (m, 2H), 2.71-2.68 (m, 2H), 1.93-1.79 (m, 4BBI-MSm/z calcd. for GHyOSeBr:
268; found: 188 [M-Br], (100%); FT-IRv 705, 1220, 1440, 1533, 1657, 2926 cr{Se
NMR (CDChk): 6 1234; Anal. Calcd. for ¢4,0SeBr: C, 31.37; H, 2.38; found C, 31.42;
H, 2.28.

6. Synthesis of 37To a stirred solution of di-(2-formylcyclohexenyi§dlenide28 (0.11

g, 0.27 mmol) in dry CGI(10 mL)was added a CGlsolution of iodine (0.07 g, 0.3
mmol) in carbon tetrachloride at°C. The reaction mixture was allowed to warm up to
room temperature and stirred for additional 2 he Tésulting solution was concentrated
to obtain a violet crystalline product, which wascnystallized from CHGthexane
mixture to give violet needles 8f7. Yield: 0.055 g (32%), mp 90-9Z: *H NMR (400
MHz, CDCk): 9.08 (s, -CHO, 1H), 2.83-2.8®, = 6.11 Hz, 2H), 2.59-2.57 (m, 2H),
1.85-1.80 (m, 4H)*C NMR (CDCk): & 21.7, 24.6, 26.2, 42.4, 131.8, 171.5, 188'Sg
NMR (CDCL): & 1041. ESI-MSm/z calcd. for GHgOSel: 315; found: 188 [M-i]
(100%). Anal. Calcd. for &H50Sel: C, 26.69; H, 2.88; found C, 27.04; H, 2.48.

7. Synthesis of 38To a stirred solution of di-(2-formylcyclohexengluride 22 (0.08 g,
0.2 mmol) in dichloromethane (7 mL) was added RHE(CN).CI, (0.08 g, 0.2 mmol)
and the reaction mixture was stirred for 45 min andnitored by TLC. The solvent was
removed under vacuum to obtain a yellow solid whisls recrystallized from
dichloromethane/hexane to get yellow crystals. &i6l079 g (41%); mp 135-13C; *H
NMR (CDCh): 8(ppm) 9.59 (s, 4H), 3.25-3.20 (d, 4H), 2.97-2.924H), 2.59-2.58 (t,
8H,), 1.91-1.68 (m, 16H)**C NMR (CDCE): & 21.3, 24.5, 28.8, 38.1, 141.5, 143.4,
193.3; *°Te NMR (CDC}): & 837. ESI-MSm/z calcd. for [GgH3cCl.O4PdTe]: 869;
found 452 [G4H1s0.PdTe]; FT-IR (vc=0) 1675 cnt; Anal. Calcd for
CaogH3sTe,04PdCh: C, 38.69; H, 4.18; found C, 38.10; H, 3.49.
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8. Synthesis of 39To a solution of di-(2-formylcyclohexenyl)tellued2 (0.10 g, 0.03
mmol) in dichloromethane (7 mL) was added R{GI08 g, 0.03 mmol) and the reaction
was carried out in a similar manner to that usedthe synthesis 088. A deep red
colored solution was obtained. The residue was kepgfrigerator to get red crystalline
solid of 39, Yield: 0.094 g (34%); mp. 151-188; *H NMR (CDCk): §(ppm) 9.91 (s, -
CHO, 2H), 9.82 (s, -CHO, 2H) 3.09-3.04 (m, 4H),23878 (m, 4H), 2.62-2.50 (m, 8H),
1.85-1.67 (m, 16H),13C NMR (CDCE): 6 21.4, 24.3, 24.4, 27.5, 38.3, 141.5, 143.4,
143.9, 193.41*°Te NMR (CDC}): 5 818 ; {J (Te-Pt)= 631.5 Hz), ESI-M8Vz calcd. for
CagHzsTE&O4PICL ; 957; found: 958 [M+H], 557 [G4HisTeOPtCI+H] , 238
[C7HeTeOT. FT-IR ve-o 1678, 1669 ci Anal. Calcd for GgHasTe;04PtCL CHLCl,: C,
33.40; H, 3.67; found C, 33.50; H, 3.41.

9. Synthesis of 40To a stirred solution of dry dichloromethane (10)montaining26
(0.11 g, 0.33 mmol) was added PgflgCN),Cl,) (0.12 g, 0.30 mmol). The color of the
reaction mixture changed from yellow to brownist véthin 10 minutes. It was allowed
to stir for additional 45 min and monitored by TLThe solution was filtered through
celite and resultant reaction mixture concentratedler vacuum. The residue was
recrystallized from CkLCI, to get brown crystals of0. Yield: 0.097 g (29%); mp 155-
157 °C; *H NMR (CDCh): 8(ppm) 9.83(s, -CHO, 1H), 9.79(s, -CHO, 1H), 6.0f)s
2H), 3.49-3.37(m, 4H), 2.60-2.31 (m, 10H), 1.963L(#n, 14H);**C NMR (CDCE): &
21.6, 21.8, 23.8, 25.5, 31.8, 33.6, 34.1, 34.2,4,2528.3, 129.2, 129.3, 129.5, 132.3,
137.5, 138.0, 138.3, 191.8*Te NMR (CDC}): & 685; ESI-MS mvz calcd. for
CagH3TePdCLO,; 835.8; found: 505.0 [M-L] 327.8 [L] (L = ligand); FT-IRvc=0
2936, 1634, 1471, 1154, 1049, 991, 699'crAnal. Calcd. for GgHasTe:PhCliO2: C,
33.28; H, 3.19; found C, 33.50; H, 3.37.

10. Synthesis of 41:Complex41was synthesized by the reaction of Bt0L089 g, 0.33
mmol) with26 (0.11 g, 0.33 mmol) using a similar method as deethe synthesis of Pd
complex 38. A brown precipitate obtained was dissolved in CH&nd the solution
filtered through celite. Yield: 0.097 g (63%); mB83-185°C; *H NMR (CDCk): 5(ppm)
9.76 (s, CHO, 2H), 6.09 (s, 2H), 3.46-3.20 (m, 8M4§5-2.56 (m, 8H), 2.47-2.36(m, 6H),
2.02-1.79(m, 6H),’13C NMR (CDCE): 6 22.1, 23.2, 23.5, 24.6, 24.7, 31.1, 33.1, 33.4,
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34.2, 48.0, 123.4, 129.6, 133.1, 135.3, 138.0,11301.3"*Te NMR (CDC}): & 573;
ESI-MS mvz calcd. for [G4H16TePtChO]: 594; found 618.03 [M+Na] FT-IR v 2928,
1632, 1576, 1474, 1158, 939, 701 tmAnal. Calcd. for GgHs,Te;PtCLO,.CH,Cly: C,
34.60; H, 3.40; found C, 34.38; H, 3.19.

Computational details

All calculations were carried out using GaussiasQRe of program¥ Full Geometry
optimizations were performed at B3LYP/6-31+g(d) devOrbital interactions were
analyzed with Natural Bond OrbitdBO) and Atoms In Molecules (AIM) calculations
were carried using 6-311+g** basis £&£2 54

X-ray crystal structure determination

The single crystal X-ray diffraction measurememtsdompounds andl, 28, 29, 3136
and38-41were performed on Oxford Diffraction Gemini difftean measurement device
with graphite monochromated MoaKradiation £ = 0.7107 A). The structures were
determined by routine heavy-atom method using SHEL® and refined by full-
matrix least-squares with the non-hydrogen atorsadropic and hydrogen atoms with
fixed isotropic thermal parameters of 0.07 A by meaf SHELXS 97 prograf® The
heteroatom hydrogens were located from differerieetrn-density map and the rest
was fixed at predetermined positions. Scatterirofs were from common sourced.

A riding model was chosen for refinement. The stree refinement parameters for
compound®?1, 28, 29 31, 36 and 38-41are given in Tables 4-6The crystallographic
data are given in Table 4-6.
CCDC- 1041180 21), CCDC-1041190 28), CCDC-1041181 29), CCDC-1041186
(31), CCDC-1041183 36), CCDC-1041185 38), and CCDC-104118739), CCDC-
1041188 40), CCDC-1041189 A1),
contain the supplementary crystallographic data tfos paper. These data can be
obtained free of charge from The Cambridge Crysgmdphic Data Centrevia
www.ccdc.cam.ac.uk/data request/cif
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Table 4. Crystal data and structure refinemenip28 and29

Compound 21 28 29
Empirical formula G4H1802S Gi4H150, Se Ci14H150,Se
Formula weight 250.34 376.21 297.25
Crystal system Monoclinic Monoclinic Monoclinic
Space group P2:/n P2;/c P21/n

a(A) 11.0970(3) 8.4359(1) 11.2517(7)
b (A) 8.2873(2) 7.9945(1) 8.3912(5)
c(R) 14.6671(4) 21.4825(3) 14.8938
a (°) 90 90 90

B (©) 108.622(3) 91.702(2) 108.624(7)
y (©) 90 90 920

v (A3 1278.23(6) 1448.16(3) 1332.56(14
z 4 4 4

D (calcd) (Mg/r) 1.301 1.726 1.482
Absorption coefficient (m) 0.241 6.319 2.806
Reflections collected 11014 6141 9870
Final R(F) [1>25(1)]*™ 0.0395 0.0363 0.0630
WR(F2) indices [>20(1)] 0.1057 0.0990 0.1017
Data / restraints / parameters 3250/0/15%4 1a4 4435/ 15/ 177
Goodness-of-fit on ¥ 1.026 1.075 1.005

AR(Fo) =Z2|IFo| - Fc||&|Fo] andwR(Fo®) = {Z[w(Fo’- Fc?)?)/ Z[w(Fc?)’
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Table 5 Crystal data and structure refinement3ay 36 and38

Compound 31 36 39
Empirical formula G@H150,Te CH¢BroOSe GgH3Cl,O4PtTe
Formula weight 345.88 268.01 957.76
Crystal system Monoclinic Triclinic Monoclinic
Space group P21/n P-1 P2i/c
a(A) 8.3511(5) 7.9977(11) 10.6364(3)
b (A) 10.1970(8) 8.0789(7) 14.2022(4)
c(A) 15.6047(1) 12.4832(13) 10.5132(3)
a (°) 90 80.322(8) 90

B ) 10027(8) 78.575(10) 113.194(4)
7 (©) 90 81.320(9) 90

V (A3 1294.64(2) 835.51(16) 1470.46(7)
Z 4 4 2

D (calcd) (Mg/r) 1.775 2.131 3.163
Absorption coefficient 18.037 11.126 26.201
(mm™)

Reflections collected 4548 4952 5681
Final R(F) [1>25(1)]*™ 0.0709 0.1211 0.0366
WR(F2) indices [>25(1)] 0.2011 0.3327 0.0878
Data / restraints / 2560 /51 /177 3272/0/181 2970/0/169
parameters

Goodness-of-fit on ¥ 1.085 1.136 1.011

AR(Fo) =%|Fo| - Fc||£|Fo| andwR(Fo?) = {S[w(Fo?- Fc?)?)/ S[w(Fc?)?} >
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Table 6. Crystal data and structure refinemen88r0and41

Compound 40 41
Empirical formula GoH36ClgOPbTe, | Cs7HgsCl:O4PETe,
Formula weight 1180.19 1962.80
Crystal system Triclinic Monoclinic
Space group P-1 P2i/c
a(A) 8.649(4) 24.5246(10)
b (A) 10.353(4) 13.3341(6)
c(A) 11.416(5) 18.8162(7)
a (°) 64.524(11) 90

B (©) 89.03(2) 99.933(4)
7 (©) 88.03(2) 90

V (A% 923.3(7) 6060.9(4)
z 1 4

D (calcd) (Mg/nf) 3.125 2.151
Absorption coefficient 3.133 26.588
(mm?)

Reflections collected 7026 9193
Final R(F) [1>25(1)]"™ 0.0385 0.1445
WR(F°) indices [>24(1) 0.0883 0.3428

[a]

Data / restraints / 3275/0/169 12082 /410/68
parameters

Goodness-of-fit on ¥ 1.057 1.089

AR(Fo) = |Fo| - Fc|l/Fo| andwR(Fo?) = {E[w(Fo’ - Fc?)?)/ [w(Fc?)?} 2
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Highlights

— Facile synthesis of alicyclic dichalcogenide and monochalcogenides stabilized by

intramolecular Se---O coordination

— The strength of Se--O intramolecular interactions in aicyclic diselenide and their

derivativesis greater than that observed for the aromatic analogues

— Pd(11) and Pt(Il) metal complexes of aicyclic monotellurides isolated without the

cleavage of Te-C bond



