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Cyclic Chalcogenides Containing
Group 13-15 Elements

RENIJI OKAZAKI

Department of Chemical and Biological Sciences, Faculty of Science, Japan
Women's University, 2-8-1, Mejirodai, Bunkyoku Tokyo 112-8681, Japan

Novel cyclic polychalcogenides containing a variety of heavier main group elements of
groups 13, 14, and 15 as ring members have been synthesized as stable crystalline com-
pounds by taking advantage of an effective steric protection group, 2,4,6-tris{bis(trimethylsi-
lyl)methyl]-phenyl (denoted as Tbt in this article). The molecular structures of
tetrachalcogenametatlolanes of group 14 elements, Tht(R)ME; (M = Si, Ge, Sn, and Pb;
E =S, Se), and some polysulfides containing antimony or boron atom as a ring member were
analyzed by X-ray crystallography to elucidate the skeletal features of these novel ring sys-
tems. Dechalcogenation reactions of these cyclic polychalcogenides with trivalent phospho-
rus reagents provide new and useful synthetic methods for the doubly bonded compouds
between the corresponding heavier main group element and a chalcogen atom, a novel class
of low-coordinate compounds in the main group element chemistry.

Keywords: Sulfur; Selenium; Group 13-15 elements; X-ray crystallography

INTRODUCTION

Polychalcogenido complexes of transition metals have been
extensively studied for the past few decades because of their unique
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structural features, synthetic utility, and biological activities.I!] For
example, there have been reported the syntheses and structures of
some monocyclic polysulfides such as CpaTiSs, CpaVSs,CpaMoSy,
CpaWSy4, Cp*2TiS3, and Cp*yZrS3 (Cp = n3-CsHs, Cp* = n3-
CsMes), and some of their selenium analogues such as Cp,TiSes and
CpaVSes, have been prepared and characterized. Zinc-containing
cyclic polychalcogenides, (N-Melm)2ZnS¢ and (N-Melm)aZnSey,
have also been successfully synthesized by direct chalcogenation of
zinc dust in N -methylimidazole (N-Melm). However,
polychalcogenides containing heavier main group elements such as
group 13, 14, and 15 metals have been much less explored. In this
paper, we describe the synthesis, structures, and reactivitics of these
cyclic chalcogenides by taking advantage of bulky substituents,
particularly 2,4,6-tris[bis(trimethylsilyl)methyl]phenyl (Tbt) group
which is a new and efficient steric protection group developed by
us.[2]

siMea
Me,S
siMea
Tht =
siMea
Me35
SiMe,
SYNTHESIS
)| i taini Group 14 Elemen

We have developed the following four different synthetic routes for the
synthesis of stable cyclic polychalcogenides containing a heavier group
14 element as shown below;[3] Method A: direct reactions of Tbt-
substituted group 14 metal dihydrides with elemental chalcogens,
Method B: reactions of the corresponding hydrometallanyllithiums
with chalcogens, Method C: successive reactions of the group 14 metal
dihalides with ¢-butyllithium and elemental chalcogens, and Method
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D: chalcogenation reactions of the Tbt-substituted divalent species of
group 14 metals.

A A
N i AN
MH, 1) ¢Buli
w’ % 2ch M
Method A Method C
Ch = chalcogen
Ch Ch
R\ R
ML MethedB o Lgige s, pp  MethedD TN,
R'/ n-/

Mes: R'=RZ=Me

Dep: R'=Et, R2=H

Dip: R'=CHMe,, RZ=H
R R' Tip: R'=RZ=CHMe,

. Dip: R'= (L:]'C“Mez, R2=H
R

Tbt: R'= R2=CH(SiMej),

Y
Dis: ——(|:—SIMe3
SiMe3

Tetrachalcogenides synthesized by Method A are shown below.

™ H Tot H
1B .
ToiBr r::;l ToiLi ; '::_'I‘ N < LiAH, S
i »” a” M
Tot H
\M/ Spor Se
Ar/ \H 4
M=Si, Ar=Mes (E=S) Mesi, Ar=Mes A!
M=Si, Ar=Tip M= Ga, Ar = Mes A 2
M= Ge, Ar = Mas M = Ge, Ar = Dep f = R
M = Ge, Ar=Dep M=aGe,Ar=Tip R!
M=Ge, Ar=Tip M= Sn, Ar = Mes Mes:A' = A2 = Me
M= Sn, Ar=Mes Ma5Sn, Ar=Tip a 2_
M=Sn, Ar=Tip Dep:R =€, R°=H

M= Sn, Ar = Mes Tip: R' = R? = CHMe,

M= Sn, Ar=Tip Tbt R R? = CH{SMaj),
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The reactivity of the starting hydrides increases on going from Si to
Sn, reflecting the higher reduction ability in metals with higher atomic
numbers.

Methods B and C are suitable for the synthesis of germanium and
tin tetrasulfide and tetraselenides, while Method D is applicable to all
group 14 elements (C, Si, Ge, Sn, and Pb). Method D is 2 method of
choice particularly for the synthesis of silicon and lead tetrasulfides
since these sulfides are difficult to be synthesized by other methods.

Cyclic ( ogenides Containi eavier Group 15 Eleme

Although there have been several examples of cyclic polysulfides
containing a phosphorus or an arsenic atom, e. g., RP(=S)S, (R = Me
or t-Bu; n = 5, 6, and 7)[4] and MeAsS, (n =5, 6, and 7), [5] as for
cyclic antimony polysulfides only one example of a salt of antimony
polysulfide anion, [Mg(N-Melm)s]{Sb2Sis], [6] has been isolated and
characterized and no neutral species of antimony polysulfides have
been reported.
Some cyclic sulfides and selenides of antimony and bismuth were

Toter 27’::"' Towi B9 o vorseee, AL Tosn,
Pk s
s s /s~5b/“" 578 s—§
\
Tbxsonz—“F— sy s ems e sy 5 sy s
™ 58 s—S Sug-S 's—¢
e 3% 15% 3% 15%
-30°C trace trace 12% 43%
Tot
S-St s
us Ve 20
TOISECl, —m2> o Tot-sY - _
e e s 5+ s So—m
s-st S
'Tou
15% 52%
. M,Tm
Li;Se 7 M= Sb, 70%
oM Shrmee M ST Mo 61w
M= Sb, Bi Se-M\

X=C,Br Tht
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prepared either by the reaction of hydrides with sulfur or halides with
Li,S or LizSe. 17}

r les taining Chalcogens
We found that lithium aryltrihydroborate Tbt(p-H);Li(THF)3 is a
good precursor for the synthesis of boracycles containing sulfur and
selenivm. Dimercaptoborane TbtB(SH); can be converted into various
4-membered boracycles containing another metal such as Ti, Ge, Sn,
and Sb. 1,3,2,4-Diselenastannaboretane was also synthesized from the
aryltrihydroborate. 181

Toge B TH1B(OMe); LA, TbtB{u-H);Li(THF);
2. B{OMe) THF

3

Z=TiCp;

S
1. nBULVTHF AN .
S8 qopshy, —MBUTHE gl Nz Z=CeMes; aax
THF 2.2X, \s/ Z=SnPh;  97%
{X=ClorBr) Z = SbTbt

N\
2. PhaSnCl; S\e—Se/ Ph \Ph
20% 100%
STRUCTURES
olecular Geometry of Te Icoge tallolanes Group 14
Elements

The molecular structures of six tetrachalcogenametallolanes of heavier
group 14 elements, RR'ME4 (M = Si, Ge, Sn, Pb; E = §, Se) and a
diselenastannirane were determined by X-ray crystallogaraphic
analysis. The former tetrachalcogenides have a distorted half-chair
conformation, although the extent of the deformation depends on hte
metals. The ORTEP drawings of Tbt(Tip)PbS4[3] and Tby(Ditp)SnSe;
(91 and are shown in Figure 1.
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olecular Structure of Chalcogen-c ini clic ou
Element Compounds

The structures of some cyclic chalcogenides containing group 15
elements were established by X-ray crystallography and the ORTEP
drawing of heptathiastibocane TbtSbS7 is shown in Figure 2. [10]

FIGURE 1 The molecular struclurcs of Tbt(Tip)PhS4 (left) and
Tbt(Ditp)SnSe; (right) |

FIGURE 2 The molecular structure of TbtSbS7,

olecular cture of 1,3,2.4-Dichalcogenametallaboretanes
Four 1,3,2,4-dichalcogenametallaboretanes (TbtBS;TiCpa,
TbtBS,GeMesy, ThitBS;SnPhj, TbtBSe;SnMes)) have been analyzed
by X-ray crystallography. The ORTEP drawing of TbhiBS»TiCp; is
shown in Figure 3. (8]



12: 49 28 January 2011

Downl oaded At:

CYCLIC CHALOGENIDES CONTAINING GROUP 13-15 ELEMENTS

FIGURE 3 The molecular structure of TbtBS;TiCpa,

REACTIVITY

Metallacycles containing chalcogens show a variety of interesting
reactivities. We have carricd out dechalcogenation and reactions with
transition metal complexes as well as with various reagents such as
diphenyldiazomethane, dimethyl acetylenedicarboxylate, and m-
chloroperbenzoic acid. In this paper we confine ourselves to
dechalcogenation reactions leading to the synthesis of stable low-

coordinate compounds of new types.

The dechalcogenation of tetrachalcogenametallolane was found to
be an excellent synthetic approach to stable group 14-group 16 double-
bond compounds, heavier congeners of a ketone, which we refer to as
"heavy ketones”. In some cases, three-membered diselenides can be
also good precursors of selenium-containing heavy ketones.

Tbt \M/E\E 3Ph,P Tbt .
1 \é/e ~3Ph;P=5 q
Tbt Se PhaP Tht
N\ 3 X
/M< —_— - M=—Se (M=Si, Sn)
Ar Se ~-PhyP=Se

Ar
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The following heavy ketones have been synthesized by this methods:
M=Si, E=S, Se; M=Ge, E=S, Se, Te; M=Sn, E=S, Se. [11]

The X-ray structural analyses of these heavy ketones have
revealed that they have a trigonal planar structure and distinctively
shorter metal-chalcogen bond length than the corresponding metal-
chalcogen single bond, indicating that heavy ketones have structural
features essentially similar to those of a ketone.

The boracycles containing chalcogens underwent
retro[2+2]cycloaddition reaction to give an intermediate Thbt-B=S or
Tbt-B=Se depending on the starting material. These intermediates were
trapped by 2,3-dimethylbutadiene or a nitrile oxide to give new types

of boracycles. [12}

E
VAR
Tb‘—B\ /Snph2 : :

3 E
— =g
l a
E=S, 80%
| ot—B=g | —— E=Se,91%
+
E\C/Ar
[ Prasn=¢ | ACHO -8, i
\o—N
l E=S, Ar=24,6-1BuyCgHa, 86%
Ar = 2,4,6(Me0)3CeHa. 80%
Ph _Pn E=Se, Ar=24,6-+BusCeHa,  59%
Snl .

Phegh  gh-Pn
/TET
Ph Ph

The cyclic selenides containing antimony and bismuth were found
to be an excellent precursor for the synthesis of the first stable
distibene (Tbt-Sb=Sb-Tbt){13] and dibismuthene (Tbt-Bi=Bi-Tbt), [14]
both structures of which were established by X-ray diffraction. The
deselenation most probably proceeds via intermediacy of monovalent
species Tbt-M (M=Sb Bi) because in the presence of a diene five
membered trapped products were obtained.
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}'bt
(Me:N)qP

M M —(MezN)3P=§e
™7 se” “Tbt toluene, 100 °C

s o

M = Sb, Bi : M = Sb: green erystals
M = Bi: purple crystals

. R
SiMe
MesSi 3 ) H R
g TotR= CH(SiMe3), m—sn@(

Bbi:R = C(SiMay); R = H, Me
Me;Si

iviey

Acknowledgments

The author thanks graduate students and collaborators, whose
names are cited in the references, for their invaluable contributions.
Sincere thanks are due to Professor S. Nagase, Tokyo Metropolitan
University for theoretical calculations. This proceeding was written at
the Universitit Gottingen during the tenure of a von Humboldt Senior
Research Award of the author, who is grateful to the von Humboldt
Stiftung for their generosity and to Professor Herbert W. Roesky for
his warm hospitality.

References

{11 (1) Reviews of polychalcogenido complexes. (a) A. Miiller, E. Diemann, R. Jostes, H.

{3]

Bogge, Angew. Chem., Int. Ed. Engl. 20, 934 (1981). (b) A. Miiller, W. Jaegermann, J.
H. Enemark, Coord. Chem. Rev. 46, 245 (1982). (c) M. Draganjac, T. B. Rauchfuss,
Angew. Chem., Int. Ed. Engl. 24, 742 (1985). (d) D. Coucouvanis, A. Hadjikyriacou,
M. Draganjac, M. G. Kanatzidis, O. Ileperuma, Polyhedron 5, 349 (1986). () A.
Miiller, Polyhedron 5, 323 (1986). (f) A. Miller, E. Diemann, Adv. Inorg. Chem. 31, 89
(1987). (g) M. R. DuBois, Chem. Rev. 89, 1 (1989). (h) M. A. Ansari, J. A, Ibers,
Coord. Chem. Rev. 100, 223 (1990). (i) J. W. Kolis, Coord. Chem. Rev. 105, 195
(1990).

(a) R. Okazaki, M. Unno, N. Inamoto, Chem. Lett. 2293 (1987). (b) R. Okazaki, M.
Unno, N, Inamoto, G. Yamamoto, Chem. Lett. 493 (1989). (¢) R. Okazaki, M. Unno,
N. Inamoto, Chem. Letr. 791 (1989).

(a) H. Suzuki, N. Tokitoh, S. Nagase, R. Okazaki, J. Am. Chem. Soc. 116, 11578
(1994). (b) N. Tokitoh, T. Matsumoto, R. Okazaki, Tetrahedron Lett. 33, 2531 (1992).
(c) N. Tokitoh, H. Suzuki, T. Matsumoto, Y. Matsuhashi, R. Okazaki, M. Goto, J. Am.



12: 49 28 January 2011

Downl oaded At:

50

[4

—_

(51
(6)
M

(8}

19]
[10)
(1]
(12

RENJI OKAZAKI

Chem. Soc. 113, 7047 (1991). (d) N. Tokitoh, Y. Matsuhashi, R. Okazaki, Tetrahedron
Lert. 32, 6151 (1991). (e) Y. Matsuhashi, N. Tokitoh, R, Okazaki, M. Goto, S. Nagase,
Organometallics 12, 1351 (1993). (f) T. Matsumoto, N. Tokitoh, R. Okazaki, M. Goto,
Organometallics 14, 1008 (1995). (g) M. Saito, N. Tokitoh, R. Okazaki, J. Organomet.
Chem. 499, 43 (1995). (h) M. Saito, N. Tokitoh, R. Okazaki, J. Am. Chem. Soc. 119,
11124 (1997). (i) N. Tokitoh, N. Kano, K. Shibata, R. Okazaki, Phosphorus, Sulfur Sil-
icon Relat. Elem. 93-94, 189 (1994). (§) N. Tokitch, N. Kano, K. Shibata, R, Okazaki,
Organometallics 14, 3121 (1995).

(a) T. Heinlein, K.-F. Tebbe, Acta Crystallogr C40, 1596 (1984). (b) J. Hahn, T. Natan-
iel, Z. Anorg. Allg. Chem. 548, 180 (1987).

R. Steudel, B, Holz, J. Pickardt, Angew. Chem., Int. Ed. Engl. 28, 1269 (1989).

P. Paul, T. Rauchfuss, S. Wilson, J. Am. Chem. Soc. 115, 3316 (1993).

(a) N. Tokitoh, Y. Arai, T. Sasamori, R. Okazaki, S. Nagase, H. Uekusa, Y. Ohashi, J.
Am. Chem. Soc. 120, 433 (1998). (b) N. Tokitoh, Y. Arai, R. Okazaki, S. Nagase, Sci-
ence 277, 78 (1997).

(a) N. Tokitoh, M. Ito, R. Okazaki, Organometallics 14, 4460 (1995) (b) M. Ito, N,
Tokitoh, R. Okazaki, Organometallics 16, 4314 (1997).

M. Saito, N. Tokitoh, R. Okazaki, J. Am. Chem. Soc. 119, 11124 (1997).

N. Tokitoh, Y. Arat, J, Harada, R. Okazaki, Chem. Let1. 959 (1995).

R. Okazaki, N. Tokitoh, Acc. Chem. Res. in press.

(a) N. Tokitoh, M. Ito, R. Okazaki, Tetrahedron Lett. 37, 5145 (1996). (b) M. Ito, N.
Tokitoh, R. Okazaki, Chem. Commun. 2495 (1998).



