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The usc of nontraditional techniques 1o synthesize chalco-
genometalates has led to the isolation of products and con-
formations usually uncbtainable through the morc conyven-
tional mcthods of nonaqucous solution chemistry, These
nontraditional svnthetic methods include cathodic dissolution
of clectrodes composed of solid-statc metal chalcogenide
phasc.” cxtraction of ternary chalcogenides in cthylencdi-
aming and liquid ammonia.~ and solventothermal reactions.’

More recently. chemical reduction method in which a
mctal chalcogenide is reduced by K in liquid ammonia in the
presence of an encapsulating ligand has been used to synthe-
sizc various soluble metal chalcogenides. Since the synthesis
is carricd at low temperature at unique reduction cnviron-
ment. the reaction often produces metal chalcogenide with
unusual structures. Encapsulating ligands such as 2.2 2-crypls
or crown cthers serve nol only (o impede clectron back
donation bul also lo provide mcans 1o alter the cationic size
and make the chemistry richer in structures, |K(18-crown-
6)4|CdyTe)2).? |K(2.2.2-crvpl) || Pb=Tea] . [(NEty)s] |InsTes)?
and K|K(18-crown-6)]:|GaTcs]" arc among the represcnia-
tive examples of telluromectalates synthesized by this method.

Mectal carbenyls have ofien been reacted with polyiellu-
lides (o produce various carbony] ligand supported tclluro-
mclallates.” Since the large size and metallic naturc of poly-
tcllulides. the coordination of (cllurium (o metal docs not
induce the liberation of carbony 1 ligands. Therefore. carbon-
vl ligands arc cspecially uscful for synthesizing metal (cllu-
rides and sclenmides. We have used the chemical reduction
mcthed of solid metal (clluride melt in liqgud ammonia com-
bined with utilizing the metal carbonyls (o synthesize multi
component mctal tcllurides. and in the course of this at-
tempts. we have synthesized and structurally charactenized new
metal carbony telluride. Kx(Crvpl:-W(CO)4(Te-) CHACN,

Experimental Scction

Chemical and Reagents. All manipulations were carried
out under Ar atmosphere with the usc of standard Schlenk
tcchniques. Solvents were distilled. dried. and degassed be-
forc usc. Anhydrous dicthyl ether was purchased from Ald-
rich Chenmical Co. Korca and was distilled over Na/ben-
zophcnone. Acctomitrile was purchased from Aldrich Chem-
ical Co. Korca and was distilled over CaH-. Ammonia gas
(anhvdrous. 99.93 punty) was purchased from Linde Gas
Corp. 2.2.2-Cryvptand (4.7.13.16.21.24-hexaoxa-1.10-diaza-
bicvclo[8.8.8]hexacosanc) was dissolved m acctomitnle and

was recrystallized by cvaporation. The remaining rcagents
were purchascd from Aldrich Chemical Co. Korea and were
uscd as reecived.

Synthesis of Ko(Crypt)y W(CO)(Tez)-CH;CN. Mclt of
nominal composition CuAsTe was preparcd by fusing stoi-
chiometric amount of the powders of constitucnt clements in
luscd silica tubces with H»/O- frame under argon atmosphere.
The melt was lincly ground belore use. NH; (60 mL) was
condensced into a flask containing 2.2.2-cryptand (221 mg.
0.394 mmol) and K (44 mg. 1.12 mmol) at liquid N tcmper-
ature (-195 “C). The resulting bluc solution was stirred at -78
°C and all the K dissolved. Finelv ground CuAsTe melt (50
mg. 0.188 mmol) was added with stirring and the solution
turncd red aller 30 min, The solution was stirred at -78 °C
for 12 hour and W(CQO); (66 mg. 0.188 mmol) was added
and stirring was continucd for additional 1 hour. Color of
solution changed to red brown. NH; was allowed 1o ¢cva-
poralc at room temperature. Alter the residuc was extracted
with 30 mL of degassed acetonitrile. the extract was filicred.
Laycring 50 mL of dcgassed cther on the filtrate viclded
afler | wecek dark red brown crystals which were character-
ized as Kxy(Crypt):W(CO)i(Te) CH;CN by X-ray single
crystallography. Yicld: 53 mg (19.8% bascd on tungsten).
[R. Nujol mull cm™): v (CO) = 1977 (m). 1956 (m). 1915
(s. br). 1844 (s. br). 1823 (w).

X-ray Single-Crystal Structure Determination. A dark
red brown single crystal of dimensions 0.21 x 0.21 x 011
mm® was mountcd on a thin glass fiber. Diffraction data
were collected on a Siemens SMART CCD difTractometer’
cquipped with a normal focus. 2 kW scaled ube X-ray
sourcc and graphite monochromated Mo Ka radiation (A=
0.71073 A) at 193(2) K. The intensily data collected with
ncreasing @ (width of 0.3° per frame) covered one hemi-
sphere of the reciprocal space. Data reduction and absorp-
tion correction was carried out with the programs SAINT?
and SADABS.” respectively. The intensitics were correeted
for Lorentz and polanization c¢ffecls. The structure was
solved by dircet methods and refined on 7~ by full-matrix
lcast squarcs using SHELXTL'" program in the triclinic
space group 1. All non-hydrogen atoms were refined cither
1isotropically or amisotropically. No hydrogen aloms were
located but were placed geomcetrically and refined in the
riding mode of the carbon atoms of crypt and acclonitrile,
The complete data collection parameters and details of the
structurc solution and refinement are given in Table 1. The
final atomic coordinates. temperature factors. and their csti-
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Table 1. Crystal data and structure refinement for Ky(Crvpth
W(COM(TeryCLCN

Empirical tormula K Cryvpt)h W(CO)( Te. ) CHL.CN

Formula weight 142332
Temperature 193(2)K
Wavelength 071073 A
Crvstal svstem Triclinic
Spuce group P1

a=11L1383)A
b=12.5743A
¢=21.303(0)A
Volume 2797415 A
Z 2

Density (calculated) 1.690 Mg/m?
Absorption coetlicient 3301 mm !
F{O0D) 1412

Crvstal size 0.21 x 021 x 011 mm?

Theta range tor data collection .99 to 26.32°

Index ranges 4<h<]3.-14<k<],-26<1<26
Reflections collected 7928

Independent rellections 7914 |R(inty = 0.0373]

Completeness to theta = 26.52°68. 1%

Retinement method Full-matrix least-squares on 17
Dato/restraints/parameters 7914404393

Goodness-of-fit on 1 1213

Fmal R mdices [T > 2sigma(T)] R1 = 01031, wR2 = 00.20060)

R mdices (all data) RI=0.1360, wR2 = 1).2408

Lareest diff peak andhole 1960 and-3.213 e A *

Unit ¢ell dimensions w=93.0112)
B=102.46(2)

y= 1041003y

Table 2. Atomic coordinates {x 10') and equivalent isotropic di-
splacement parameters (A x 107) of selected atoms for Ki
(CrypUaW(CON(Te2)CHICN. Ufeq) is defined as one third of the
trace of the orthogonalized UY tensor

X v z 1J (eq)
W(l) 7487(1) 2439(1) 2385(1) 291
Te(2)  10100(1) 2776(1) 2332(1) 36(1)
Te(1) 9411(1) 2041(2) 31N 39(1)
Oy 3122(13) 2049(16) 2982(8) 38(3)
0(2) 3R26(13) 2901(14) 1128(8) 43(3)
0O(3) 6734(14) -68(17) 1694(9) 40(3)
Oi4) R317(18) S012(17) 2910(9) 37(3)
C(1 6O08(19) 219020) 2732(10) 41(7)
C(2) 6300(20) 2754(18) 1608(12) 33(6)
C(3) FOS0(20) 840(30) 1965(12) 3(8)
C(4d 8020(20) 4080(20) 2723(12) 3(3)

maled standard deviations arc given in Table 2,
Results and Discussion

KACryvp)-W(CO)4(Te~) CH:CN was 1solated from  the
reductive dissolution of multi components CuAsTe melt by
K 1 NH;() in the presence of 2.2.2-crvptand followed by
rcaction with tungsien hexacarbonyl. CuAsTe 1s an intimate
mixture of Cu. As and Te clements with 1:1: | ratio. For
the reduction by K in NH;(1). the usc of alkali metal scques-
fcring agent is crucial. since cncapsulation of the cation
helps 1o prevent tight-ion pairing that otherwise would causc
reversion of the compounds formed to msoluble matenals.

Notes
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Figure 1. Ortep representation of the [W{CO)(Te:j]* anion
containing four terminal carbonyl ligands and 7’-1ex" chelating
ligand to complete octahedral coordination enviromment of W,
(30% ellipsoid probability).

Figurc 2. Ortep representation of the packing diagram ot K,
(Crypt)W(CONTe)CHRCN composed of [K(Crvpt)]” cations
and [W(CO)(lex))* anions and space filling acclonitrile CHLZCN
solvent molecules with a labeling scheme. (carbon atoms repre-
sented as boundary ellipsoids are not labeled for clanty) (40%
ellipsoid probability).

The scquestering reagent also provides larger cationic spe-
cics that help the large anionic metal (cllunide crystallize.
Although no multi components metal telluride could be suc-
cessfully isolated in this system. new tungsten carbonyl (el-
luride  Ko(Crypt)-W(CO)(Te-) CH;CN has been isolated
and structurally characterized.

The |W(CO)4(Te-)|* anion contains lour terminal carbon-
vl ligands and 7°-Tex™" chelating ligand (o complele octa-
hedral coordination environment of W as shown in Figure 1.
The structure of K+(Crypt)-W{CO)4(Te2) CH:CN compriscs
of |K(Crypt)|” cation and | W(CO)(Te-)|* anions and space
fillmg acctomtrilc CH;CN solvent molecule as shown in
Figure 2. Mononuclcar complexes containing 177-Tea™" ligands
arc rarc. and the only structurally characterized ungsien com-
plex of which we are aware of is W(PMc;)(OCNBuY)4(2-
Te-) (where Me = methyl and Bu' = tert-butyl)."" The Te-Te
distance in chelating Te~"" unit is 2.757(2) A and it is inter-
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mediate between those of Te: in the gas phase [2.59(2) A['~
and clecmental Tey in the solid state [2.835(2) A" and is
slightly longer than that in W(PMes}(QCNBU)(1-Tex)
[2.680(2) AJ."" The W-Tc bond distances at 2.866(2) and
2.892(2) A arc compared well with thosc of the other known
tungsten-tellurium compounds.®'* The bond angle of Te(1)-
W-Te(2) is restrained 10 57.21deg duc to the chelating nature
of the Tex™" ligand resulting in distorted octahedral coordina-
tion cny ironment of W metal ion, There are two-types of W-
CO bond distances bascd on the relative position of terminal
carbony1 ligands compared to Te ligands, The W-CO bond
distances. trans to Te. are 1.91(2)-1.95(2) A whereas thosc
cis 1o Te. are slightly longer at 2.01(3)-2.02(3) A. This may
be understood in terms of more cflicicnt back & bond forma-
tion of W mectal to the carbony! ligands trans (o Te rather
than to the carbony| ligands cis 1o Te. This is consistent with
the fact that the bond C-O distances (1.18(2)-1.192) A)
trans to the Te are slightly longer than those (1.15(3)-1.16(3)
A) cis 1o Te. It is important (o note that the low clectron den-
sity ol tungsien metal center duc to cffective back x bond
formation stabilizc low oxidation statc and prevent the oxi-
dative addition of 1°-Te: ligand (o metal to form (wo (crmi-
nal telluride ligands.'' K' ions arc encapsulated by 6 oxygen
atoms of the crvpt in the charge compensating |K(Crvpl)]'
units. These are quitc common and the K-O bond distances
arc found normal at 2.76(1)-2.89(2) A. Other sclected bond
distances and angles arc given in Table 3.

In (his paper we have shown the chemical reduction meth-
od of solid metal tclluride melt in liquid ammonia combined
with utilizing the metal carbony] compound Lo synthesize
mulli component soluble metal tellunides. We have synthe-
sized and structurally characterized new metal carbony] tel-
luride. K:(Crvpt)2W(CO),4(Te~) CHACN. Other carbony] 1i-
gand supported multi component new mcetal chacogenide
compounds arc being svnthesized using this method.
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Table 3. Sclected bond lengths [A] and angles |“] for Ka{Crvptj
W(CONL(Te:)CLICN

W(1)-C(1) 1945019y W(1)-C(2) 1.91(2)
W(-C(3) 2.02(3) W(H-C(4) 2.01(3)
W(D-Te(1) 2R98(191  W(1-Te(2) 2 .8660(1%)
Te(2)Te( 1) 2.757(2) O(-C(1) 1.18(2)
O(2)>C(2) 1.19(2) O(3-C(3) 1.16(3)
OEHC(H) 1.15(3)

Ci WG 92 4(9) W1 RC3)  932()
CiFW(Te(1) 101.9(3) CIN-W(1-Te(2)  1387(6)
Ci2FW(RC(1) 90.5(8) CIORW(CE) 878D
C2FW(RC(3) R9.2(9) CIOW()Te(l)  167.6(6)
C2FW(1¥Te(2) 110.4(6) CW(Te(2)  91.2(5)
CORWILIYD) 89.8(6) CEAWC3)  17378)
CEWF12) 84.6(6) CEyWI Iy 92.0(6)
Te2yWilyTe(l)  5721(5) Te(1)»Te2yWi(l)  61.87(5)
Te2) T 1)WY  60.92(5)
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