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Intramolecularly Coordinated Organoselenium 
Darivatives: Syntheses, Structure and Reactivity 

ARUNASHREE PANDA", G. MUGESH", HARKESH B. SINGH" and 
RAY J.  BUTCHER^ 

aDepartment of Chemistrv, Indian Institute of Technology, Powai, 
Bombay 400 076, India and 'Department of Chemistry, Howard University, 

Washington D.C. 20059, USA 

Although intramolecularly coordinated organotellurium derivatives have been extensively 
studied in recent years, the analogous derivatives of selenium have received little attention. 
We have recently started work on syntheses, structures and reactivity of intramolecularly 
coordinated organoselenium compounds. The synthesis of these compounds makes extensive 
use of the orrho-lithiation reaction followed by insertion of selenium into Li-C bond. 

Keywords: intramolecular nonbonded interactions; ligands; organic synthesis; MOCVD, 
organochalcogens; selenium macrocycle 
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188 ARUNASHREE PANDA e /  ( I / .  

1. INTRODUCTION 

Organoselenium derivatives stabilised by intramolecular 

nonboded Se-Y (Y=H, N, 0, S, Se, F) interactions are extremely 

versatile and have attracted considerable current interest. In organic 

compounds selenium is usually hund in a divalent state with two 

covalently bonded substitucnts and two lone pairs of valence electrons. 

By bonding in this way selenium is able to complete its octet of 

electrons thus giving it a noble gas configuration. It has been found, 
however, that m the solid state and in solution selenium frequently 

fiutber interacts with a nearby heteroatom or heteroatoms (0, N, S, etc.) 

producing a pseudo-high-dent selenium species."' This pbenomnon 

can be explained by assuming a nonbonded interaction between 

divalent selenium and a heteroatom derived itom the hypervalent nature 
of selenium. The intramolecularly coordinated organoselenium 

compounds find many applications. These include; a) use as ligands in 
chiral and achiral catalysis, b) use as ligands for the isolation of 

monomeric precursors for metal organic chemical vapour deposition 

(MOCVD) of semiconductors, c) in the synthesis of selenium-aut 

macrocycles, d) use as electrophilic and nucleophilic reagents in 

asymmetric synthesis. This article describes a brief account of work on 

synthesis stnrctures and reactivity of iatramolecularly coordinated 
organoselenium compounds which have potential as ligands and 
reagents in organic synthesis. 
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INTRAMOLECULARLY COORDINATED ORGANOSELENIUM ... I w 

2. RESULTS AND DISCUSSION 

2.1 Intramolecularlv CO ordinated OrEanOseleni~ camp unds as 
Linarads 

There is a considerable interest in the area of orgamselenium 

ligands especially intramolecularly stabilized organoselenium ligands 

from the structural as well as coordination chemistry point of view. 

Uemura el U ~ ( ~ ~ I  have extensively u~ed  optically active ferrocenyl 

diselenides with in-buii donor sp3 nitrogen for very high chiral 
induction, whereas Tomoda el upbs have demonstrated in a series of 

papers that organoseknium derivatives with a coordinatiag amino 

group can be used not only br the catalytic conversion of olefins to 

allylic ethers but also bt asymmetric inter- and intra-oxyselenenylation 
reactions. our group has repofled the synthesis and structural 

characterization of bis(2dimethylaminomethyl)phenyl diselenide (1) 
and its use in the catalytic conversion of akenes to dylic acetates.['] 

Kaur et 41 showed the existence of Se-N interactions in the 

comsponding tribromide. RSeBa, 4 in The compound was 

found to equilibrate betwm coordinated and noncoordihated forms. 

For the halides 3 and 4 a large deshielding was observed in chemical 

shift with respect to the diselenide and b r  the mowselenides, the trend 

noted wak RSeBr (6987) > Me1 (8818). Crystal structures obtained for 

compounds 1 and 3 were found to be iso-structural with a typical 10-Se- 

3 selane T-shaped geometry seen around selenium with strong non- 

d e n t  Se-.N interaction. 
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190 ARUNASHREE PANDA el a/ .  

(1) R = I1 
(2) R = Me 

(3) R = H,X = Br 
(4) R = H , X  = Bg 
(5) R = Me, X = Br 
(6) R = Me,X = B e  

Analogous chiral ligands were also synthesized fiom (S)-(-)-N,N- 

dimethyl-I-pheIbethylamine (2,5,6) by methods simiIar to that used for 

the achiral ligands described pre~iously."~ The diselenide 7, in which 

there are irtrong nonbonded Se... N interactions, was isolated and 
structurally charact-.lJ1 A comparison of structure and reactivity 

among intramolecularly coordinated low-dent organochalcogen 

complexes derived fiom N,N-diiybphthylamine and N,N- 
dirnethylbenzylamine has been made by Singh and coworkers.R It is 

found that the stability and reactivity of the compounds mainly depends 

upon the strength of E...N (E = Se, Te) interaction and the steric 

bulkiuess of tbe ligand. The more rigid naphthylamioe based ligand 

shows different reactivity and bonding propertics cornparad with the 
more flexible N,Ndimethylbenzylamine based ligand. These include: 

(i) the chalcogenides, R3E could not be isolated in the case of N,N- 

dirncthylnaphthylamine whereas N,N-dimetbylbenzylamine afforded 
the chalcogenides in excellent yield. (ii) The reactions of the lithinted 

compound derived fiom NJ4dimethylnaphthylamine with Te(dtch or 

TeIz, however, aflbrdcd RTe(dtc) or RTeI. (iii) The srrength of Se ... N 

or Te ... N mnbonded interactions in N,N-dimethylnaphthylamine based 
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INTRAMOLECCJLARLY C O O R D I N A T E D  O R G A N O S E L E N I U M  ... 191 

compounds are much stronger than those derived h m  N,N- 

dimethylbenzylamine. (iv) The diselenide and ditelluridelw derived 

from N.Ndimethylnaphthy1amine are chiral whereas the di~elenide"~' 

and ditelluride'6"1 derived fiom N , N d i m e t h y l b e m y ~  are achiral. 
The E...N (E = Se, Te) intramolecular interactions in both the cases 
alter the bond lengths of E-X (E = Se, Te; X = Se, I, S) due to its trans 

inhence. 

(8) X = CI 
(9) X = Br 
(10) x = I  

The synthesis of disc.-nides 11 and 12 was approa~sJ by the 

organolithium route. The lithium areneselenolates, were easily prepared 

by the direct metalation of 4,4'dimethyl-2-phenyloxazolinc a d  R(-)-4- 
ethyl-2-phenyloxazoliie with wBuLi in hexane followed by the 

addition of selenium powder in ether. Oxidation of the lithium 
seknolates then a&rded the desired diseleaides. The synthetically 
usehl selenenyl halides (13-17) were prepared by the reactions of 

diselenides with The stable chloro compound 13 was 

obtained as a crystalline solid in good yield by reacting the diselenide 

11 with a stoichiometric amount of sulfuryl chloride. The brom 
compouads 14 and 15 were synthesized by a similar method, with a 

stoichiometric amount of bromine. When the reactions of 11 and 12 
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I92 ARUNASHREE PANDA ct ul. 

were canied out with stoichiometric amounts of iodine the novel 
mowiodidcs 16 end 17 were obtained. 

L k 113) R = R'= Me: X =CI 
iirj R = R*= M& x = ~r 
(IS) R =  Et, R'=H; X =Br 
(16) R = R ' - M t ; X = l  
(17) R = & R ' = H ; X = I  

(11) R = R' = Me x 
(12) R(-),R = Et, R = H 

In general arylbenzyl and aryl ally1 selenides are unstable and 
decompose readily to give coupled hydrocarbon products and free 
selenium. However, the wqmmdma * I selenides arc usehl synthetic 

reagents in heterocyclic chemistry. Singh et a1 synthesii a series of 

this type of compounds 19-22 (scheme la) along with novel benzylic 
compounds 24-26 (sheme Ib)."'' These compounds were found to be 

slightly unstable but were stable enough for satisfactory analysis and 

NMR spectroscopy. Selenides 19-22 were analyzed by 'H NMR 
spectroscopy. They were found to have only a weak Se-N interaction. 

The signals due to -CHI- protons were shifted downfield which 
suggested that the introduction of benzyllic groups had reduced the 

interaction. The same trend was observed for compounds 24-26. The 
" ~ e  chemical shifts finr these benzylic compounds were shifted 
relatively upfield due to the presence of benzylic groups which were 
covalently bonded to the Se atom and could not accept further electron 

density h m  selenium. 

Recently Sin& et a1 have reported the synthesis and 

characterisation of two new diary1 chalcogenides based on 4,4- 
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INTKAMOLECULARLY COORDINATED ORGANOSELENIUM ... I 93 

dimethy1-2-phenyloxau,Lme substraIe.l7" These chalcogenides can act 

as tridentate ligands and are potentially capable of forming six- 

membered r inp upon chelation. 

2.2 MOCVD 

Metal organic chemical vapour deposition (MOCVD) is a 

relatively recently developed technique used for the manufacture of 

electronic devices. The importance of chalcogenide semiconductors has 

led to much current interest in the synthesis of novel 

orgamchalcogenide precursors for MOCVD. The bwdiethyl 

dithicartmtnates are effective precursors for mnterials such as CdS and 
good quality films can be deposited. However, attempts to use the 
analogous selenium compounds led to films, which were heavily 

contaminated with elemental selenium. 

Knur and coworkers reported the synthesis of monomeric, 

hydrocarbon-soluble mercury (II) selenolates, H ~ ( S ~ C & C H ~ N M Q - ~ ~  

27, Hg[(S)-secaH4CHMeNMt2-2]~ 28, Hg[(RS)-(SeCSH~CHMeNM~- 

2)Fe(C~b)lz 29 and H~[(S~)~S~C~HJCHM~NM~~-~)F~C~H~)IZ 30, 
stabilized by internal chelation hrming a six-membered ring with Hg."] 
Crystal structures for compounds 27 and 30 were obtained, in both 
cases the Hg atom was hur-coordinate. 
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I94 ARUNASHREE PANDA el ( I / .  

SCWEME 1, Synlhetic mutes (0 the turmdc selenenyl derivatives a) 19-22 and b) 2426. 
kagmls d conditions: i) PhCtmI, @C, 2h; i i )  a.a'-dibmnc-mxylaw, @C, 2h; 

i i i )  a.a'-dibmm+c+xylern; O k ,  2h; iv) 13.S-l mesitylm, O k ,  2h. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
6
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



INTRAMOLECULARLY COORDINATED ORGANOSELENILIM ... 19s 

Singh et a1 recently succeeded in pnparing examples of zinc, 31. 

cadmium, 32 and mercury, 33, selenolato complexes which were 

isolable and have been well characterized.[91 Compound 31 was found 
to be the first example of a helically chiral zinc complex derived fhm a 
bidentate selenolate l i ed .  All three complexes were monomeric and 
the degree of association was controlled by the internal chelation of the 

oxamlie ligsnd. The first example of a struct\nally characttrim! 
monomeric bismuth selenolate 34 has also been recently reported by 

Singh et u/."O1 The crystal structure of 34 showed that there were IY) 
close intermolecular contacts and that the lone pair of electrons located 
on the bismuth was stereochemically active. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
6
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



I96 ARUNASHREE PANDA L'I 01 

2.3 Sele nium containine Azamacrwy cles: 

The design of highly selective receptors for metal ions is of great 

importance in the area of ion transport and chemosensing applications. 
The design and synthesis of such molecules have continued to develop 

since the pionetring work of Pedersex~,["~' Lehnl"cl and Cram"'d1. 

Interest in the chemistry of macrocyclic ligands containing heavier 

chalcogen (Se, Te) started h m  the fact that the lower electronegativity 

combined with their greater o electron-donating properties of W e  

should yield complexes with interesting structures and redox 

beha~iour.['*J MO~~OVCT, the incorporation ofthe NMR active nuclei 

(nWlz?e) would give valuable structural information about the 
macrocyclic ligands and their complexes. There are few reports on the 
polyselemcther macrocycles. Recently, we have reported an easy, high 
yield synthesis, structure aad preliminary coordination of a novel 

tellurium ammacrocycle with p a )  and pto."'] 
The 22-, 24- and 28-membered selenium containing macrocyclic 

ligands (35-37) were prepared fiom the precursor bis(o-formylphenyl) 

selenide in high yield as white solids. Here the intmmlecular Se... N 
interaction plays an important role in the formation of macrocycles by 

reducing the unfavourable lone @-lone pai~ repulsion between the 
nitrogen atoms. All could be recrystallid fiom CHClJCHpCN (1:l) 

solution as colorless needles. Reduction of the azomethine groups in all 
the three macrocyclic ligands was accomplished by the treatment of 

macrocycles with excess of NaBK in ethanol. The resulting tetraamia0 

derivatives (38-40) were converted to the protonated tetrabromide 

derivatives (41-43) by the treatment with 48% hydrobromic acid. The 
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INI'KAMOLECULARLY COORDINATED ORGANOSELENIUM ... 197 

macrocyclic cryptand (44) was also synthesized fiom the [2+3] 
condensation of tris(2-~1ninoethyl)aminc with bis(o-forrnylphenyl) 

selenide. 

The coordination chemistry of the selenaaza macrocycles with 

transition mtal  ions like Pd(II), Ni(II) and C@) was studied. The 
reaction of ligand 35 with P d o  led to the hydrolytic cleavage of 

macrocycle (45) where the Pd@) ion is coordinated by two nitrogen 

and two seknium atoms. However, ligand 36 afforded the expected 

complex (46) with four nitrogen coordinated to the metal ion in a square 

planar arrangement. Reactions of Co(I1) and N@I) with 35 aflbrded the 
octahedral complexes 47 and 48 respective~y."" 

2.4 Ornanic Svnthesis; 

In recent times organoselenium compounds have gained an 

increasing popularity in organic chemistry because of their mild and 

selective reactions d e r  mild conditions. Organoselenium moieties can 

act as either nucleophiles or electrophiles under mild conditions and can 

easily be incorporated into a wide variety of substrales. Because of 
these attractive features the use of organoselenium compounds in 
organic synthesis is a subject which has been reviewed exten~ively."~~ 

The intramokculer coordination of selenium with a heteroatom such as 

oxygen or nitrogen in this type of compound leads to the formation of a 

heterocycle in a fixed conformation thus increasing the stereosekctivity. 

The [2,3]sigmatropic rearrangement of selenium oxides to an 

allylic carbon is one of the most common reactions used for indirect 
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hnctionalisatioa by the transfer of a group from selenium to carbon 

electrophile. 

(W (47)M =Co; (48) M = Ni 

Uemura and co-workers have succeeded in the asymmetric 

[2,3]sigmatropic reanangement of chiral selenimides giving the chiral 

sulfonamide with up to 87% enantiomeric Kurose el a1 have 

recently reported nucleophilic reaction of the allylic chloroselenutanes 

with N-protected amines followed by the [2,3]sigmatropic 

rearrangement of the resulting chiral allylic selenimides.l'6bl Kshirsagar 

et al described the use of [2,3]sigmatropic rearrangement in the 
stereospecific synthesis of pseudocodeine.llk' This method was found to 

be more efficient than the existing method, which led to a mixture of 
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isomers. Uemura el 01 applied two optically active difiicenyl 

diselenides (4% and 49b) to induce highly enantioselective asymmetric 

selenoxide elimination leading to chiral allenecarboxylic derivatives.[1w 

Functionalisation of alkenes by the use of selenium compounds 
o h  attractive possibilities for synthetic organic chemistry. Om of the 

most important reactions of this type is methoxyselenylation. The first 
methoxyselenylation reaction of various alkenes was reported by 

Tomoda el 01 in 1988.’”’ It was found that a decrease in nucleophilicity 

of the counter anion (ie. a0 increase in electrophilicity of the selenium 

reagent) could enhance the de of the reaction. Fukuzawa el 01 reported 

asymmetric methoxyselenylation using a fkrocenyl-based chiral 

selenium reagent (49).[’*] Deziel and workers synthesized one of the 
most effective chiral organoselenium reagents (50) which was found to 

exert improved overall facial selectivity up to 98% de.[l9] Diselenides 

with chiral pyrrolidine moieties have been characterizbd by Tomoda el 

d 2 0 1  and ch id  diselenides derived from camphor have been employed 

by Back el d*” in asymmetric electrophilic selenenylation. All these 
diselenides possess a hcteroatom close to selenium. Thc strong Se.. .X 

interaction may allow the chiral sources on the Mematom to come 

close to the reaction center in the transition state of the reaction. Due to 

this distinct asymmetric induction is expected. However, most of them 

have been prepared by multistep syntheses with low overall yield. 

Wirth presented some new c b l  diselenides (51) which were also 

readily accessible in a few steps.Iul In the addition to allcenes 

distereosektivities of up to 88% were achieved. 
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(4s.) 04s) O;c*Se)2 (49b) (S,R) (Fc*Se)2 (W &+ 6 
ek! %k 

(52) O (53r) R = H 
(53b) R = SiMq 

(Slr) R = H, R' = Me 
(51b) R = H, R' = Et 
(51~) R = H, R' = I-PI 
(Sld) R = H, R' = 1-Bu 
(Sle) R = R' = Me 
(510 R = Me. R' = Et 
(Slg) R = Me, R' = f-Bu 
(Slh) R = Me, R' = CH2Ph 
(511) R = Et, R' = Me 
(511) R = &By R' = Me 
(51 k) R = (CH2)2OMe, R' = Et 

\ AN/ 0 
O z N r  ; 

\ 

Sek 
\ 

(54) (55) 

The selenium compounds synthesized in this way were suitable 

for use in further reactions as potential free radical precursors or for 
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further fiurctionalisation. Santi et a1 have reported that 
camphorselenenyl sulfate could be conveniently employed in the 
asymmetric selenomethoxylation of alkene~.[~~"' Recently they have 

also reported camphor diselenide (52) and ammonium persulfate- 

induced oxyselenenylationdeselenenylation reactions of alkenes as a 

convenient one pot synthesis for enantiomerically enriched allylic 

alcohols and etherS.PEl 

The mechanistic course of the asymmetric methoxyselenylation 

was investigated in detail by Wirth et ai.1241 In this type of reaction 

seleniranium ions formed by addition of chiral Se electrophiles to 

alkenes are the intermediates. The stability of the seleniranium ion is 

strongly dependent on the Se ... heteroatom interaction. Kim et a1 

reported the oxyselenenylation of cyclohexane with (S,S)- 
h y d r ~ b e m i n . ~ ~ ~ ~  More recently a series of novel 3-camphor based 

diselenides were rep~rted.l~'~ 
Iwaoka and Tomoda reported their preliminary re& on the 

catalytic conversion of alkenes into allylic ethers or esters using 

diselenides as catalyst in 1992."" Diselenides having intramolecular 

Sc ... N interaction were used because it was thought that the interaction 

would stop disproportionation of the selenenic acid. Singh et a1 have 

also used diselenides in the catalytic conversion of akenes into allylic 

acetates.p1 Wirth et a1 reported sequence of methoxyselenylation and 

oxidative P-hydride elimination of alkenes using only catalytic amounts 

ofchiral magents.iZ8l 

Selenocyclisation have been widely used for the synthesis of 
various heterocyclic compounds. Using organoselenium compounds as 

reagents for ring formation is attractive particularly when combined 
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202 ARUNASHREE PANDA er uI 

with further menipulation of the seleno-group. In all the products 

selenium is positiooed either three or fbur bond lengths away from the 

heteroatom thus leading to the possible formation of intramolecular 

interactions. Uemura and coworkers reported the results of highly 

diastereoselective asymmetric selewcyclisation of akenes by the use of 

optically active chiral fkiocenyl selenyl bromide."g.' Recently they 

have proposed a plausible rcaction scheme for the cyclisation where the 
chiral selenylating agent approached the C=C double bond of the 

substrate fiom the least sterically congested direction giving a chiral 
episelenonium ion. This was followed by intramolecular back side 
attack of the nucleophile.[29b1 Back er af have reported an efkctive 

cyclisation of unsaturated alcohols of unsaturated alcohols and 
carboxylic acids with camphor-based selenium electr~phi les .~~~~ The 

application of chiral selenium electrophiles in cyclisation of alkenes 

bearing an internal nucleophile was described by Wirth el ~ 1 . ~ ~ ' '  

Asymmetric arene-alkene cyclisation mediated by a chiral 

organoselenium reagent has been reported by Deziel and cow0rkers.p21 

Several selenium cations (me+) have been reported which are not 
only of structural importance but have been found to posses potential 

oxidant properties. Furukawa et 01 reported the a-selenane which is 

stabiiised by a transannular Se ... N bond.""' This selenane was shown 

to behave as an oxidising in the redox reaction of benzene thiol which 

gave diphenyl disulfide as the oxidation product. The same group also 

reported new cyclic melenuranes which could be reduced readily upon 

treatment with PhSH, PhP, phenothiazine or SI~ I I , . [~ '~~  The use of the 
selenium functionality as a radical precursor has been used in the first 
synthesis of (+)-samintul and (+)-membri~e"~~'. The use of chiral 
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diselenides and their derivatives in the catalytic addition of organozinc 

reagenb to aldehydes has been reported by Wicth.'35'1 They recently 

reported the synthetic procedure for the preparation of nitrogen- 

containing chiral diselenides (53-55) which could be efficiently used as 

procatalysts for the asymmetric addition of diethylzinc to a variety of 

aldehydes affording secondary alcohols with high enantiomeric purity 

(up to 97?A e 4 p b l  

The transition metal catalysed asymmetric hydrosilylation 

reaction of ketones has been extensively studied. The complexes of 

organochalcogn ligands with transition metal salts were thought to be 

unsuitable for transition metal catalysed raction. Uemura er ul, however, 

successfully used the c h i  diferrocenyl dichalcogenides h r  the Rh(I) 

and I@) catalyzed hydrosilylation reactions.lM1 

3. SUMMARY 

Recent studies on intramolecularly stabilized organoselenium 

compounds show that the Se-N intram0kc~lat i n t ~ t i o r i s  play an 

impomt role not only as ligands for catalysis but also in their 

application as reagents in synthetic organic chemistry. The application 

of intramolecular coordination has been extended to the synthesis of 

novel organochalcogen ligands containing both "hard" and "soft" donor 

atoms. The intramolecularly coordinating ligands have also been used 
for the isolation of monomeric metal chalcogenolates, in particular, the 

group 12 metal (Zn, Cd, Hg) chalcogenolates which are useful 

precursors for the metal organic chemical vapour deposition (MOCVD) 
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of semiconducting materials. These complexes arc geaerally polymeric 
with bridgiig chalcogenolate ligands. More recently, considerable 
effort has been directed towards the design and ‘template-free’ 

synthesis of novel macrocycles containing selenium and tellurium and 
their coordination behaviour towards transition metal ions. 
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