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Syntheses and Reactions of Hexavalent Organotellurium Compounds
Bearing Five or Six Tellurium—Carbon Bonds

Masataka Miyasato,™ Takao Sagami,’” Mao Minoura,'' Yohsuke Yamamoto,"' and

Kin-ya Akiba*!!

Abstract: A variety of hexaorganotellu-
rium compounds, Arg_,(CH;),Te [Ar=
4-CF,CH,, n=0 (1a), n=1 (3a), n=2
(trans-4a and cis-4a), n=3 (mer-5a),
n=4 (trans-6a); Ph, n=0 (1b), n=1
(3b), n=2 (trans-4b); 4-CH,C,H,,
n=0 (1c¢), n=1 (3¢), n=2 (trans-4c),
n=4 (trans-6¢); 4-BrCH,, n=0 (1d)]
and Ars(R)Te [Ar=4-CF;C¢H,, R=4-
CH;0C¢H, (8); Ar=4-CF;CH,, R=
vinyl (9), Ar=Ph, R=vinyl (10), Ar=
4-CF,C4H,, R=PhSCH, (11), Ar=Ph,

Cl (2a-Cl), X=Br (2a-Br); Ar=Ph,
X=Cl (2b-Cl), X=Br (2b-Br); Ar=4-
CH;C¢H,, X=Cl (2¢-Cl), X=Br (2¢-
Br); Ar=4-BrCH,, X=Br (2d-Br)]
and (4-CF;C¢H,),(CH;)TeX [X=Cl
(trans-7a-Cl) and X =Br (trans-7a-Br)]
were synthesized by the following
methods: 1) one-pot synthesis of 1a,
2)the reaction of SO,Cl, or Br,
with ArsTe Lit generated from TeCl,

or TeBr, with five equivalents
of ArLi, 3)reductive cleavage of
Arg_,,(CH;),, Te (m=0 or 2) with KC;
followed by treatment with CH;l,
4) valence expansion reaction from
low-valent tellurium compounds by
treatment with KC; followed by reac-
tion with CH;I, 5) nucleophilic substi-
tution of Ar, , (CHj3). TeX, . (X=Cl,
Br, OTf; z=0, 1; y=1, 2) with organo-
lithium reagents. The scope and limita-
tions and some details for each method
are discussed and electrophilic halo-

Keywords: hypervalent anions -
R=PhSCH, (12), Ar=4-CF;CH,, R= :
. organotellurium  compounds
nBu (13)] and pentaorganotellurium :
tellurium

halides, ArsTeX [Ar=4-CF,CH,, X=

Introduction

Organotellurium compounds have been utilized in organic
synthesis!!! and the structures and reactivity of dialkyltellur-
ides, dialkyltellurium oxides, and trialkyltellurium halides
have been thoroughly investigated.”! Although considerable
attention has been paid to the hypervalency of some tetra-
organotellurium compounds,” of the hexavalent organotel-
lurium compounds bearing more than five Te—C bonds,
(CH,)Te was the only structurally characterized com-
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genation of the hexaorganotellurium
compounds is also described.

pound until our recent reports.>® We reported several new
synthetic procedures for novel types of hexavalent organo-
tellurium compounds bearing five or six Te—C bonds; 1) first
synthesis of (4-CF;C4H,)¢Te (1a) by one-pot reaction of 4-
CF;C¢H,Li and TeCl, together with synthesis of PhsTe (1b)
by reaction of Ph,TeF, with PhLi,**® 2) PhsTeCl (2b-Cl)
and PhsTeBr (2b-Br) by the reaction of SO,Cl, or Br, re-
spectively, with Ph;Te Li* generated from TeCl, or TeBr,
with five equivalents of PhLi,”*¥ 3) (4-CF,;C4H,)s(CH;)Te
(3a) from (4-CF;C¢H,)sTe K+ C; by treatment with CH,I, P
and 4) (4-CH;C¢H,)s(CH;3)Te (3¢) from (4-CH;C.H,),Te by
treatment with KCg followed by reaction with CH,IL.Ff
These methods recently reported by us are illustrated in
Scheme 1.

However, since most of the methods were reported as
communications, synthetic details, structural properties, and
especially reactivities of these newly prepared hexavalent
organotellurium compounds bearing five or six Te—C bonds
were not included. In addition, we need to show the scope
and limitations of these synthetic procedures because some
are only applicable for certain substituents. Here we report
the scope and details of the synthetic method for hexaorga-
notellurium compounds, including some new compounds.
We also describe the electrophilic halogenation of these
compounds to give the corresponding halides, which were
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TeCl, * ArLi (4 equiv) — ArgTe

1a (Ar = 4-CF3CgHy) (©)
Ph4TeF, *+ PhLi (2 equiv)—> PhgTe
1b
SO,Cly
TeCly or ) ) _ 4. orBr
TeBri * PhLi (5 equiv) — [PhgTe L|+] 2 PhsTeX (2)
2b-Cl (X =CI)
2b-Br (X = Br)
KCg N CHal
ArgTe —— [ArsTe K'Cg] — Ars(CH3)Te (3)

(Ar = 4-CF3CgHy) 3a (Ar = 4-CF3CgHa)

CHl
Arp,Te or ArsTe*X™ + KCg — Ars(CHg)Te 4)

3a (Ar = 4-CF3CgHa)
3b (Ar = Ph)
3¢ (Ar = 4-CH3CgHa)

Scheme 1. Synthesis of hexavalent organotellurium compounds reported
by us.

converted to new unsymmetrically substituted hexaorgano-
tellurium compounds by organolithium reagents. Structural
properties, especially X-ray structural analysis of pentaaryl-
tellurium halides and of the corresponding pentaaryltelluri-
um cations (square-pyramid (SP) or trigonal-bipyramid
(TBP)), will be reported separately, together with the coor-
dination behavior of the cations with some nucleophiles.

Results and Discussion
Synthesis of hexaaryltellurium compounds based on the
one-pot procedure: In our previous report,”*® (4-

CF,C¢H,)¢Te (1a) was prepared by the one-pot reaction of
4-CF;C¢H,Li and TeCl, in 16 % yield as shown in Scheme 2.

ArLi (4 equiv)

TeCly ArgTe
78°C-RT  1a (Ar = 4-CF3CgHy) (16%)
diethyl ether ~ 1b (Ar =Ph) (0.5%)

Scheme 2. One-pot synthesis of hexaaryltellurium compounds.

But Ph¢Te (1b) was prepared by the stepwise reaction of
Ph,TeF, with PhLi since the one-step procedure gave Ph¢Te
in only 0.5% yield even after careful examination of the re-
action conditions.

Since the possible mechanism for the formation of (4-
CF,C¢H,)¢Te is a complicated multistep process, the one-pot
method is applicable only for the synthesis of (4-
CF;C¢H,)¢Te (1a).

Synthesis of ArsTeCl (or Ars;TeBr) by the reaction of
SO,Cl, (or Br,) with ArsTe Li*: In our previous report,”
PhsTeCl (2b-Cl) and PhsTeBr (2b-Br) were prepared by hal-
ogenation of PhsTe Li*, which was prepared by the reaction
of five equivalents of PhLi with one equivalent of TeCl, or
TeBr, The reaction should be carried out at very low tem-
peratures (—120°C for 2b-X). The method can be applied to
the synthesis of (4-CF;C4H,)s;TeX (2a-Cl and 2a-Br) and (4-
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BrCsH,);TeBr (2d-Br) as shown in Scheme 3. However,
after several attempts, we found that the temperature re-
quired for efficient trapping of ArsTe Lit with the halogen-
ating reagents was different for each substituent. That is,

SO,Cl,
or Br,

TeCl, * ArLi (5 equiv) — [ArsTe'Li’]

-78°C (4-CF;CgH,)
-120°C (Ph)

ArsTeX

2a-Cl: Ar = 4-CF;C¢H, X =ClI, 33%
2a-Br: Ar = 4-CF;CgH, X =Br, 51%
2b-Cl: Ar = Ph, X = Cl, 35%

2b-Br: Ar =Ph, X = Br, 61%

2d-Br: Ar = 4-BrCgH, X = Br, 70%

-115°C (4-BrCgH,)

Scheme 3. Synthesis of pentaaryltellurium halides.

very low temperatures (—115 to —120°C) are necessary for
2b and 2d, but a relatively high temperature (—78°C) was
applicable for 2a.

PhsTe Li*["! was reported to be in equilibrium with the
mixture of Ph,Te and PhLi and the equilibrium is shifted to
PhyTe Lit at very low temperatures (—120°C) in THF
(which solvates Lit efficiently). Since (4-CF;C¢H,)sTe Li*
bearing an electron-withdrawing substituent should be more
stable than PhsTe Li*, (4-CF;C,H,);sTe Li* should be the
predominant species in the equilibrium even at —78°C. In
contrast, (4-CH;C,H,)sTeX bearing an electron-donating
substituent could not be obtained by the procedure.

In addition, the reactivity of electrophiles for the reaction
with the equilibrium mixture including ArsTe Li* is also
crucial in the reaction. For example, the reaction of CH;l
(weaker electrophile than halogenating reagents) with the
equilibrium mixture including PhsTe Li* did not give
Phs(CH;)Te (3b) efficiently. Only after very careful experi-
ments, could a 1% yield of 3b be obtained by the reaction
of TeCl, with five equivalents of PhLi followed by treatment
with excess CH;I (7.5 equivalents) at —105°C. In the case of
(4-CF,C¢H,)s;Te Li*, (4-CF;C4H,)s(CH;)Te was not obtained
at all.

Although ArsTe Li* derivatives were known to be the
predominant species in the equilibrium with Ar,Te and
ArLi, the reaction rate of the weak electrophile (CH;I) with
ArLi should be much higher than that with ArsTe Lit,
where a higher temperature would be necessary for the re-
action to occur. On the other hand, the energy barrier of
the reaction of ArsTe Lit with strong halogenating reagents
such as Br, should be much lower, and even at low tempera-
tures the reaction could proceed to give ArsTeX (2-X)
(Scheme 4).

ArgTe
+ AI’5T€1.i+
Arli
Very Fast | g+ E* | Slow
Ar-E ArsTeE
<Exclusive when> Majorwhen
E* = Mel <E+ = halogenating reagents>

Scheme 4. Electrophilic trapping of lithium pentaaryltelluride, which is in
equilibrium with tetraaryltellurium and aryllithium.
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However, the situation was dramatically different for (4-
CF;C¢H,)sTe K+ Cg, which could be methylated easily by
CH,1.5¢

Reductive cleavage of one of the Te—C bonds in (4-
CF;C¢H,);Te and the related hexaorganotellurium com-
pounds: formation and reactions of Ar;Te K*Cg: As was
previously communicated,”® (4-CF,C;H,)Te showed re-
markable stability toward chromatographic treatment, ther-
molysis (up to 300°C) or photolysis, alkyllithium reagents
(MeLi, nBuLi, or rBuLi), and some strong reducing reagents
(lithium naphthalenide, 4,4’-di-tert-butylbiphenylide, Na/K
alloy, K, or Na/Hg amalgam etc.). However, we found re-
cently that the reaction of (4-CF;C¢H,)sTe with KC; pro-
ceeded smoothly even at —78°C in THF and the expected
anion (4-CF;C¢H,)sTe K*C, was generated quantitatively.”
A singlet signal (0 =600 ppm at —45°C), which could be as-
signed to (4-CF;C¢H,)sTe ' K*C;, was observed by 'Te
NMR spectroscopy. Although (4-CF;CsH,)s(CH;)Te (3a)
could not be prepared from CF;C¢H,)sTe Li* under various
conditions, 3a was obtained quantitatively from (4-
CF;C¢H,)sTe ' K*Cy (Scheme 5). The yields of 3a at various
temperature implied that (4-CF;C,H,)sTe " K*C; could be
stable up to —20°C (Table 1).

CFy - CF4
KCq FCQ e SCFs| emp.  CHyl FCoy ,Z_ CF3
1a 78°C Fscd é‘: ime Facd év(:Ha
CF, K*Csg 3a CFs

/'*' (4-CF,CqH,), TeKCq
(4-CFsCHy)uTe + F.COTKCy

Scheme 5. Synthesis of pentakis(4-trifluoromethyl-phenyl)methyltelluri-
um by reduction of 1a with KC; followed by treatment with CH,I.

Table 1. Yields of 3a from 1a and KCq.

Temp [°C] Time [h] 3a[%]
-78 1 98
—45 1 98
—45 12 35
-20 1 98

0 0.5 15
RT 0.5 ofal

[a] (4-CF;C4H,),Te, (4-CF;C4H,), and 4-CF;CsH,I were obtained.

The large difference of the reactivities between (4-
CF;C¢H,)sTe'Li* and (4-CF;CH,)sTe K*Cy toward CH;I
strongly indicated that (4-CF;C4H,)sTe K*Cy should be the
exclusive species in the equilibrium with (4-CF;C.H,),Te
and (4-CF;C¢H,)KC;, if any (Scheme 5). Since the potassium
cation is intercalated by graphite,® the resultant K*Cg
system can be regarded as a noncoordinating cation and
does not aggregate. That is, typical contact-ion pairing is
suppressed by intercalation of K* into graphite. Since (4-
CF;C¢H,)KC; should be quite nucleophilic because of the
lack of aggregation, the equilibrium between (4-
CF;C¢H,)sTe K*C;,, (4-CF;CeH,),Te, and (4-CF;C.H,)KCq
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shifted toward (4-CF;C¢H,)sTe K* Cg, which became the ex-
clusive anion.

With heteroleptic hexavalent organotellurium compounds
such as (4-CF;C¢H,)s(CH;)Te (3a) having five aryl groups
and one methyl group in hand, it is interesting to examine
the selectivity of the Te—C (Te—Ar or Te—CHj,) bond cleav-
age. The reaction of 3a with excess KCs was carried out at
—78°C in THEF, followed by treatment with CH;I. The prod-
ucts were separated and purified by recycling HPLC and the
dimethyl derivative, (4-CF;C¢H,),(CH;),Te (trans-4a), was
isolated in 14 % yield together with 75% recovery of 3a
(Scheme 6). Based on the NMR spectroscopic analyses, (4-

CF3

FSCQ,,,TE_‘\\(?C% KCsg
e é‘CHs -78°C/THF

FsC 5min.
3a CF3 CF3
CF3
CHi_ 3, , HiCif oS
T8C 759 PO L CHe
s trans-4a
CF3 14%

el (4.CFiCeHa)s(CDaTe + (-CFeCeHy)u(CDyzTe
78°C  3a(CD3;) 68% trans-4a(CD3); 12%

Scheme 6. Synthesis of trans-4a by reduction of 3a with KCy followed by
treatment with CH;I (or CDsl).

CF;C¢H,),(CH;),Te was characterized as a trans isomer. In
the '"H NMR, a singlet (6H) derived from two equivalent
methyl groups appeared at d=2.25 ppm. In addition, 'H,
BC, and F NMR spectroscopy showed that all of the four
4-CF;C¢H, groups were equivalent. The structure of 4a was
further confirmed to be trans by X-ray analysis.”® The crys-
tal structure of trans-4a revealed that it had almost perfect
octahedral symmetry around the tellurium center. The '*Te
NMR spectrum exhibited a signal at =272 ppm, which was
upfield shifted from the monomethyl compound 3a (6=
345 ppm).

Signals assigned to the cis isomer were not observed in
the products, and isomerization of trans-4a to the corre-
sponding cis-4a did not take place even at 230-250°C for
1h in the solid state. Most of trans-4a was recovered and
the decomposition product, (4-CF;C¢H,),Te, was obtained in
small amounts.

To clarify the mechanism of the reaction of (4-
CF;C4H,)s(CH;)Te (3a) with KCq, CD;I was used instead of
CH;I after the reduction was complete. Only deuterated
compounds, (4-CF;C4H,)s(CD;)Te (3a(CD5)) (68 %) and (4-
CF;C4H,)4(CDs),Te (trans-4a(CDy3),) (12%) with high CDj;
contents, were obtained (Scheme 6). These results showed
that cleavage of the tellurium—carbon bonds took place
almost quantitatively and the Te—CH; bond was preferen-
tially cleaved over the five Te—Ar bonds. A plausible mech-
anism is shown in Scheme 7.

As a first step, one-electron reduction took place followed
by the preferred formation of (4-CF;C.H,)sTe " K*C; and

www.chemeurj.org  Chem. Eur. J. 2004, 10, 2590 -2600
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KCq i
3a —CH3‘ (4-CF3C6H4)5T6 K+Cg

KCs| —Am >K
CF3 - CF3

?@C% KCe _-,,,?00% 2CH,|
: "Te‘; —S Tex. — frans-4a
T | e

CHgl

— 3a

2—

CFs CFs 2(K*Ce)

Scheme 7. Possible mechanism for formation of 3a and trans-4a in the re-
duction of 3a with KC; followed by treatment with CH,1.

CH; over that of (4-CF;C¢H,),(CH;)Te" K*C; and (4-
CF;C4H,)". The selectivity (68:12) would be related to the
higher stability of (4-CF;CH,)sTe K¥Cy over (4-
CF;C¢H,),(CH;)Te K*Cs, which decompose to (4-
CF,C¢H,),Te* (K*Cy),. Formation of trans-4a(CD3), indicat-
ed the presence of a novel species, the hypervalent 12-Te-4
dianion, (4-CF,CH,),Te*"(K*Cy),. 'Te NMR spectra of su-
pernatant of the reaction mixture from 3a with KC; in THF
at —78°C before addition of CH;lI showed two signals at 0 =
591 ppm {corresponding to (4-CF;C¢H,);Te K*C; (6=
600 ppm at —45°C)} and 0=385. The latter higher field
signal could be assigned to (4-CF;C4H,),Te* (K*C;), since
3a and trans-4a were obtained almost quantitatively after
addition of CH;I to the solution. It should be pointed out
that conversion of (4-CF;CeH,)sTe K¥Cy to  (4-
CF;C¢H,),Te* (K*Cs), did not take place because only one
of the six Te—Ar bonds in (4-CF;C¢H,)sTe (1a) was cleaved
even in the excess use of KCg (Scheme 5).

Successful synthesis of trans-4a led us to the investigation
of the reductive cleavage of trans-4a with KCs. The reaction
of trans-4a with excess KCg was carried out at —78°C fol-
lowed by addition of CH;lI. After HPLC separation of crude
products, trans-4a was recovered in 78 % yield and newly
formed (4-CF;C¢H,),(CH;),Te (trans-6a) was obtained in
19 % yield (Scheme 8).

CF3
HSCI“"T _‘\©CF3 KCB
< CHs 78°C/THF

FaC 5Smin. CF

CFy tans-4a 3
H3C/,,_ \CH3
i ° trans-6a
CF3 19%
CDsl
S > (4CF3CeH4)4(CD3)oTe  +(4-CF3CgH4)o(CDg)sTe

78°C  tans4a(CDg); 80%  trans-6a(CD3)y  14%

Scheme 8. Synthesis of trans-6a by reduction of trans-4a with KCg fol-
lowed by treatment with CH,I (or CD,l).

The characterization of trans-6a was performed by spec-
troscopic methods and elemental analyses. X-ray analysis of
trans-6a confirmed the octahedral structure, which was simi-
lar to that of trans-4a. The two 4-CF;CH, groups in trans-
6a were located trans to each other.P
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CDsl was also used instead of CH;l to elucidate the
mechanism of formation of the unexpected product, trans-
6a. Deuterated compounds, (4-CF;C¢H,),(CD;),Te (trans-
4a(CD;),) and (4-CF;C¢H,),(CDj) Te (trans-6a(CDy)y),
were obtained in similar yields (80:14) to the reaction with
CH;I and their CD; contents were almost quantitative
(Scheme 8). High CDj; contents of trans-6a(CD;), implied
that the quantitative cleavage of all Te—CHj; bonds in trans-
4a had occurred. '”Te NMR of the reaction mixture before
addition of CH;l at —78°C showed that the signal at 0=
385 ppm attributed to (4-CF,C¢H,),Te* (K*Cg), was domi-
nant, but assignments for other many detectable signals
were unsuccessful. This complicated multi-step mechanism
(Scheme 9) will be considered below.

ﬁc;s CF oFs = CFs
’ 3
Hsié ol . KG o1 =% 2oy Dsc,,,f‘@CFs
CHy — 5% . .
FsC @ 3 oCHy FiC @ Fscg'é \CD3
CFs 2(K*Cq) o
trans-4a CF3 3
KCg ‘ —Are trans-4a(CD3),
- KC
ArB(CHS)ZTe e A|'3T€_ _>—Ar' 8, AI’2T ez_
2CDy KCs
Ar= 4-CFaCH ——= An(CDgTe —= Ap(CDg)Te
(Ar=4-CF3CgHy) heterogeneous phase CFs
20Dl Dgc,/,,'i_ﬂ\\co3
DsC™” & ~~CDs
trans-6a(CDj3),

Scheme 9. Possible mechanism for formation of trans-4a(CDy3), and trans-
6a(CD;), in the reduction of trans-4a with KC; followed by treatment
with CD;l.

In this hypothetical mechanism, when the two Te—CHj;
bonds bonds were cleaved, (4-CF;C¢H,), Te> (K*Cs), would
be generated as discussed in Scheme 7 and was trapped with
CH;I to give trans-4a. Since trans-4a was the predominant
product, this reaction should be the main pathway. Since
Ar;(CH;),Te” generated by cleavage of the tellurium—aryl
bond would be less stable than ArsTe™, continuous cleavage
took place to give corresponding divalent species such as
Ar,Te. Then KC;y transferred electrons to Ar,Te to form the
dianion species, Ar,Te?", followed by reactions with electro-
philic reagents and KCs successively. Since the hypothetical
mechanism indicated a possible new method for generation
of hexaorganotellurium compounds from divalent organotel-
lurium, the reaction of KCg with Ar,Te and other low-valent
organotellurium compounds are examined.""

Valence expansion reactions from low valent organotelluri-
um compounds to hexaorganotellurium compounds: The re-
action of (4-CF;C¢H,),Te with excess KCg proposed above
was separately carried out at —78°C in THF for 5 min fol-
lowed by treatment with CH;I. Fortunately, we could obtain
hexavalent tellurium compounds, 3a (4%), trans-4a (9%),
and trans-6a (10 %) as expected (Scheme 10).

This novel valence expansion reaction could be carried
out from other various lower valent tellurium compounds
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(4—C F3C6H4)2Te KCB CH3|
or —_—
_ -78°C/THF
(4-CF3CgHy)3Te*Cl 5min.
CF3 CF3 CF3

FCQ. E? @CF3+ HaC: ? ©CF3 H C/?\CHS
Fy C@’ é ~CHs Fy = é “CHy © HiC” é‘CHs
CF3 CF3 CF3

3a trans-4a trans-6a

Scheme 10. Synthesis of hexaorganotellurium from lower valent organo-
tellurium compounds.

such as (4-CF,C4H,);Te*Cl, and the results are summarized
in Table 2. It should be noted that CH,K? or PhCH,KM
could be used instead of KCg, showing that CH;K or
PhCH,K acted as electron-donating reagents similar to KCg
in these systems.

Table 2. Yields of the reaction of organotellurium compounds with KCg
(15 equivalents) or CH;K (2 equivalents) or PhCH,K (1 equivalent) after
treatment with CH;I (30 equivalents).

Starting material Reagents  Yields [%, based on Te]
3a trans-4a  trans-6a
(4-CF;C¢Hy),Te KGq 4 9 10
CH;K no 11 no
PhCH,K  no 13 no
(4-CF;C¢H,)(CH;)Te KGq no no 4
(4-CF;CH,);Te*Cl~ KGq 21 7 7
CH;K 16 6 no
(4-CF;C¢H,),(CH;3)Te*CF;SO;~  KGq no 31 4
(4-CF;C¢H,)(CH;),Te*1~ KGq no no 16
3b trans-4b trans-6b
Ph;Te*Br [ KCq 19 12 no
3¢ trans-4c¢ trans-6¢
(4-CH;C¢H,);Te*C1 KCq 36 0.2 6

[a] C¢HsI (4 equivalents) was added. [b] 4-CH;C.H,I (4 equivalents) was
added.

A possible mechanism is illustrated in Scheme 11 al-
though the detailed reaction mechanism is not yet clear.

To clarify the mechanism, the effects of the amount of re-
agents (KCy and CH;I) on the product yields were investi-
gated in the reaction of (4-CF,CsH,),Te (Table 3).

. A CHyl

ArsTe* > Ar,Te Ar, ArsTe™ —» Ar5(CHg)Te
l 2KCq
Ar Ar 2CH3
ATe =—= AnTe” —» AnTe> Arg(CHg)pTe
—Ar trans-4
\2'(08 AT ArCHTe S8 Ary(CHasTe
2CHgl mer-b
ArTe®— = Ary(CHg)sTe —
2KC, 2CHy|
H L8 Ary(CHg)pTe> —— Ary(CHg)sTe

trans-6

Scheme 11. Possible mechanism for the formation of hexavalent organo-
telurium compounds in the reduction of low valent organotellurium com-
pounds with KCy followed by treatment with CH;I.
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Table 3. Effects of equivalents of the reagents (KCg and CH;I) on the
products and the yields in the reaction of (4-CF;C4H,),Te.

Equivalents Yields [%, based on Te]
KCy CH;I  3a  trans-4a  trans-6a
1 8 - - - (4-CF;C4H,),Te recovered
5 8 - 21 - (4-CF;CeH,),Te 38%
(4-CF,C¢H,)(CHs;) Te 27 %
10 11 - 31 -
15 30 4 9 10

When an equimolar amount of KCg to (4-CF;CH,),Te
was used, no hexaorganotellurium compounds were ob-
tained, but instead the starting material was recovered. In
the case where five equivalents of KCs were used, trans-4a
along with the starting (4-CF;C¢H,),Te and (4-
CF,;C4H,)(CH;)Te, which implied the generation of (4-
CF;C4H,)Te™, were obtained. These results strongly indicat-
ed the formation of ArTe™ and Ar~ as was proposed in the
mechanism of Scheme 11. By comparison of the results from
ten equivalents of KC; with those from fifteen equivalents
of KCsg, it could be confirmed that when more KCg was
used, the electron transfer from KC; was greater, which in
turn effected the cleavage of Ar~, and the the yields of me-
thylated products increased (Table 3).

Based on this mechanism, the aryl anion derived from the
equilibrium between Ar,Te’~ and ArTe™ should behave as a
key intermediate since an aryl source is needed to provide
hexavalent compounds having more aryl ligands than the
starting material, for example, 3a or frans-4a. To examine
the effect of equivalents of added aryl halides on the yields
of the products, four equivalents of 4-CF;C¢H,Br were
added to a mixture of (4-CF;C.H,),Te and excess KCg
(Table 4). As expected, the yields of trans-d4a (27 %) were

Table 4. Effects of equivalents of 4-CF;C¢H,Br on the products and
yields in the reaction of (4-CF;C4H,),Te with KCs.

Yields [%, based on Te]

Equivalents

4-CF,C,H,Br 3a trans-4a trans-6a
2 4 9 10
4 - 27 9
6 - 26 6

increased in comparison with the results of two equivalents
of the bromide, and the sum of the yields for hexavalent
compounds also improved from 23 % to 36 %. Although ad-
dition of six equivalents of 4-CF;C,H,Br did not give better
results (26 % of trans-4a and 6% of trans-6a), these results
showed that the addition of aryl halides was effective and
that the corresponding aryl anion played an important role
in the reaction.

Based on the possible mechanism in Scheme 11, the for-
mation of the trimethyl derivative, (4-CF;C¢H,);(CH;);Te
(5a), should be possible. To isolate 5a, we made efforts to
optimize the reaction conditions and finally Sa was obtained
though in very small amount (ca. 0.6 %) in a larger scale re-
action of (4-CF;C,H,)(CH;),Te*I™ together with trans-6a
(10 %; Scheme 12).
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CFs
(4-CFCeHa)CHgaTe ——28 . OHd HC. \\CHa X
364 3)2
78°C/THF -78°C @/ CHs
5min.
CFs
mer-5a
yield 06%

Scheme 12. Formation of mer-5a in the reaction of (4-

CF,C,H,)(CH,),Te*I~ with KC.

The observed signals in 'H and "F NMR spectra are in
good agreement with the meridional isomer of 5a (integral
ratios for the three Ar and the three CH; groups were 2:1)
and another possible isomer, the facial isomer, was not ob-
served. The '®Te NMR spectrum showed a singlet at 0=
201 ppm, which is expected for the trimethyl derivative,
since the chemical shift was in between those of trans-4a
(60=272 ppm) and trans-6a (6 =119 ppm). Unfortunately, X-
ray analysis of mer-Sa was not successful.

These results also indicated that the unique valence ex-
pansion reactions could be applicable for the synthesis of
new hexavalent tellurium compounds with mixed carbon li-
gands. In fact, we could obtain hexaorganotellurium species
possessing 4-CH;C¢H, ligands, which could not be prepared
otherwise. The X-ray structure of (4-CH;C¢H,),(CH;),Te
(trans-4¢) is shown in Figure 1.

Ny —t L .
[ c22 w{
T b
p “f-—'ﬂ\ ] cao
{ e
-

Figure 1. X-ray structure of trans-4¢ (30% thermal ellipsoids). Selected
bond lengths [A]: Te—Cl(aryl) 2.200(2), Te—CS8(aryl) 2.207(2), Te—
C15(aryl) 2.201(2), Te—C22(aryl) 2.212(2), Te—C29(methyl) 2.183(2), Te—
C30(methyl) 2.200(2).

Electrophilic halogenation of hexaorganotellurium com-
pounds: The electrophilic halogenation reactions of the
newly prepared hexaorganotellurium compounds is interest-
ing because the reaction of the permethylated tellurium
compound, (CHj;)sTe, with Br, was reported to result in
quantitative formation of TeBr, and CH;Br.*! Although (4-
CF;C¢H,)¢Te did not react with strong halogenating reagents
(Cl, or Br,), Ph¢Te reacted with Cl, or Br, at room tempera-
ture to afford the corresponding monohalide, PhsTeX (2b-
X) (X=Cl, Br), respectively (Scheme 13).5

Interestingly, the reaction of (4-CF;C4H,)s(CH;)Te with
Br, proceeded smoothly at room temperature within five

Chem. Eur. J. 2004, 10, 2590 —2600 www.chemeurj.org

frans-6a
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Scheme 13. Electrophilic halogenation of hexaphenyl-tellurium.

minutes to give only (4-CF;C¢H,);TeBr (2a-Br) in 92%
yield (Scheme 14). Br, cleaved the Te-CH; bond exclusively
without cleavage of the Te—Ar bond and (4-
CF;C¢H,),(CH;)TeBr was not detected. Other monomethyl
derivatives, 3b, 3¢, and 3d also reacted with excess Br, to

ROy, @ R sochorBr, N0, ? SR+ CHX

@’é CHsz RT/CH.Cl, Rdé X 2a-Br:R=CFz X =Br,92%

2a-Cl: R =CF3, X =Cl,20%

© 2004 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

R 3a:R=CF; 2b-Br: R = H, X = Br, 58%
3b:R=H, 2b-Cl: R =H, X=Cl, 80%
3c:R= CH3, 2c¢-Br: R = CHg, X = Br, quant.
3d:R=Br 2c-Cl: R =CHg, X =Cl, 88%

2d-Br: R =Br, X =Br,70%

Scheme 14. Electrophilic halogenation of pentaaryl-methyltellurium to
give pentaaryltellurium halide.

afford the corresponding monobromide in good yields
[PhsTeBr (2b-Br: 58% yield), (4-CH;C¢H,);sTeBr (2c-Br:
quantitative yield), and (4-BrCsH,);TeBr (2d-Br: 70%
yield)]. Similarly, SO,Cl, also reacted with 3 to give the cor-
responding monochlorides [(4-CF;C¢H,)sTeCl (2a-Cl: ca.
20% yield), PhsTeCl (2b-Cl: 80 % yield), (4-CH;C¢H,)sTeCl
(2¢-Cl: 88% yield)]. The reaction of 3a with SO,Cl, was
found to be sluggish, and more than 70 % of 3a was recov-
ered after five minutes. These results indicated that the com-
pound having more electron-donating substituents reacted
more easily.

Similary, trans-4a was reacted with Br, or SO,Cl, to give
(4-CF;C4H,)4(CH;)TeX (trans-7a-X; X=Br or Cl) in 37 or
96 % isolated yield, respectively (Scheme 15). Also in this

CF3 CF3
HaCr.. Q CF3 50,ClporBr,  HaCr. ? =FFs

< ¢ + CH3X
E Cd@ CHs  RT/CHxClp Fgcdé

CFs CFy
(4-CF5CgH4)4(CH3)sTe (4-CF3CeH4)a(CH3)TeX
transAa trans-7a-X X =Cl,yield 96%

Br, 37%

Scheme 15. Electrophilic halogenation of tetraaryl-dimethyltellurium.

case, only one CH; group was cleaved to give the corre-
sponding halide exclusively even when excess Br, or SO,Cl,
was used. Since trans-7a-Br was unstable, the isolated yield
of trans-7a-Br was low. The molecular structure of trans-7a-
Cl was confirmed by NMR spectroscopy and the X-ray anal-
ysis (Figure 2).
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Figure 2. X-ray structure of trans-7a-Cl (30% thermal ellipsoids). Select-
ed bond lengths [A]: Te—Cl(aryl) 2.189(2), Te—C8(methyl) 2.12(2), Te—Cl
2.539(4).

Nucleophilic reactions of Ar;TeX with organolithium re-
agents: With several pentaorganotellurium halides in hand,
nucleophilic substitution reaction of the halide with carbon
nucleophiles was examined (Scheme 16).

m@&a@um?@n
@’é‘x dﬁj\g

2a-Cl.R=CF3,X=Cl, 1a:R=CF3,1O%
2b-Br:R=H,X=Br 1b:R=H,5%

Scheme 16. Synthesis of hexaorganotellurium compounds from pentaaryl-
tellurium halide.

However, the reactions shown in Scheme 16 were sluggish
under Sy2 conditions and the reaction of PhsTeCl with
excess PhLi in THF afforded the expected Ph¢Te in only
5% yield.

Therefore, to develop the efficient method for the nucle-
philic substitution (Syl type), treatment of the halide with
silver triflate (AgOTf: Tf=trifluoromethanesulfonyl) was
carried out before addition of the nucleophile. The struc-
tures of the triflate will be discussed in a separate paper.
The yields were much improved as expected in the synthesis
of 1a-1d, and various new unsymmetrically substituted hex-
aorganotellurium compounds could be prepared by the pro-
cedures (Scheme 17). ORTEP drawings of 1d and 9 are
shown in Figure 3 and 4, respectively.

Interestingly, the similar reaction of trans-7a-Cl by
AgOTf followed by nucleophilic reaction with CH;Li afford-
ed cis-dimethyl compound (cis-4a) in 44% yield
(Scheme 18). The NMR spectral data (‘H, ®C, and “F) of
the product were in agreement with cis-4a, which has two
different 4-CF;C.H, groups based on its symmetry, and a
12Te NMR signal appeared at the same position as its other

%@@mwm?@mm?@

ey é\Br gé‘ow 6@ R
LIB(CGF5
in2c-Br
2a-Cl:R=CFs, or (4—CH3CGH4)5Te 1a:R=CF3 R' —4 -CF3CeHa, 44%
2b-Br:R=H, B(CeFs)s 1b: R=H, R=CgH5, 41%
2¢-Br-R= CH3, 1c: R=CF3, R'= 4—CH3CGH4, 52%
2d-Br R = Br 1d: R=Br, R=4-BrCgHg4, 75%

8: R=CF3, R'=4-CH,OCgH,, 10%
9: R=CF, R'=vinyl, 90%

10: R=H, R'=vinyl, 98%

11: RB=CF3, R=CH,SPh, 12%
12: RB=H, R=CH,SPh, 35%

3a: R=H, R=CHgy, 93%

13: R=CF5, R=nBu, 88%

Scheme 17. Improved synthesis of hexaorganotellurium compounds from
pentaaryltellurium triflate.

Figure 3. X-ray structure of 1d (30% thermal ellipsoids). Selected bond
lengths [A]: Te—Cl(aryl) 2.220(7), Te—C7(aryl) 2.245(8), Te—Cl13(aryl)
2.244(8).

Figure 4. X-ray structure of 9 (30% thermal ellipsoids). Selected bond
lengths [A]: Te—Cl(aryl) 2.238(5), Te—C8(aryl) 2.218(5), Te—C15(aryl)
2.213(5), Te—C22(aryl) 2.221(6), Te—C29(aryl) 2.221(5), Te—C36(vinyl)
2.177(5).

isomer trans-4a (0=272 ppm). The structural characteriza-
tion of cis-4a was confirmed by X-ray analysis (Figure 5).
The crystals of cis-4a melted at 236°C without decomposi-
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Te
< | ~cI  RT/CHuCl, -78°C
FsC é Smin, Et,O
CF. CF3
(4-CFCeHJ4(CHa)TeCl (4-CF3CeH4)4(CHa)Te (cis)
trans-7a-Cl cis4a  44%

Scheme 18. Formation of cis-4a in the reaction of CH;Li with trans-7a-
OTf.

Figure 5. X-ray structure of cis-4a (30% thermal ellipsoids). Selected
bond lengths [A]: Te—Cl(aryl) 2.223(5), Te—C8(aryl) 2.208(5), Te—
C15(aryl) 2.218(4), Te—C22(aryl) 2.217(4), Te—C29(methyl) 2.187(4), Te—
C30(methyl) 2.185(4).

tion, but the isomerization to frans-4a did not take place at
all even after melting.

The reaction of cis-4a with Br, was carried out in a simi-
lar manner to the reaction of trans-4a with Br, and gave
trans-7a-Br quantitatively. The possible mechanism of the
isomerization will be discussed in a separate paper.

Conclusion

Herein, several new synthetic methods including nucleophil-
ic reaction of pentaorganotellurium triflate with organolithi-
um reagents are described together with detailed discussion
on the scope and limitations of our recently reported meth-
ods for hexavalent organotellurium compounds. The triflats
could be prepared by halogenation of hexaorganotellurium
compounds followed by treatment with silver triflate. The
results presented here show that hexavalent organotellurium
compounds have provided new insights into a full picture of
the nature of the hexacoordinate state of tellurium. A sepa-
rate paper concerning the structures and properties of pen-
taorganotellurium halides which lead pentaorganotellurium
cations will be presented in due course.
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Experimental Section

General: Graphite powder (1-2 micron) was purchased from Aldrich
Chemical Co. Elemental analyses were performed on a Perkin Elmer
Model 2400. 'H (400 MHz), *C (100 MHz), “F (376 MHz), and '*Te
(126 MHz) NMR spectra were measured with a JEOL EX-400 or AL-
400 spectrometer. Preparative gel permeation liquid chromatography
(HPLC) was performed by LC-908 equipped with JAIGEL-1H and -2H
columns (Japan Analytical Industry) with 1,2-dichloroethane as a solvent.
Compounds 1a**! and 2bF! were prepared by published procedures.

Synthesis of pentaaryltellurium halides: A solution of ArLi was prepared
from ArBr (12.0 mmol) in diethyl ether (30 mL) and nBuLi (1.60M solu-
tion in hexane, 769 mg, 12.0 mmol) at —78°C. This solution of ArLi was
added to a suspension of TeCl, (808 mg, 3.0 mmol) in diethyl ether
(20 mL) at —78°C. The mixture was stirred for 1.5 min at —78°C, and
then SO,Cl, (405 mg, 3.0 mmol) or Br, (480 mg, 3.0 mmol) was added at
—78°C. The mixture was stirred for 2h at —78°C and was allowed to
warm to room temperature. The crude products were separated by
HPLC.

(4-CF,C¢H,):TeCl (2a-Cl): Yellow crystals; m.p. 242-243°C; 'H NMR
(CDCl,, 25°C, CHCly): 6=7.87 (d, *J(HH)=8Hz, 2H), 7.75 (d,
J(HH)=8Hz, 2H), 7.63 (d, *J(HH)=8Hz, 8H), 7.57ppm (d,
*J(H,H)=8Hz, 8H); 'H NMR (CD,, 25°C, CDsH): 6=7.46 (d,
*J(H,H)=8 Hz, 8H), 7.39 (d, *J(H,H)=8 Hz, 2H), 7.15 (d, J(H,H)=
8 Hz, 8H), 7.07 ppm (d, *J(H,H)=8 Hz, 2H); “F NMR (CDCl,, 25°C,
CFCl;): 6=-63.3 (12F), —63.8 ppm (3F); "F NMR (C¢Dy, 25°C, CFCl,):
0=-62.6 (12F), —63.1 ppm (3F); “C NMR (CDCl,, 25°C, CHCL): =
157.1 (s, 'J(C,Te) =48 Hz), 139.0 (s, 'J(C,Te) =153 Hz), 134.4 (d), 133.6
(q, Y(CF)=33 Hz), 133.4 (d), 132.2 (q, 2(C,F)=33 Hz), 126.7 (d), 125.3
(d), 123.5 (g, J(C,F)=272 Hz), 1232 ppm (q, J(C,F)=274 Hz); '®Te
NMR (CDCl;, 25°C, (CHj;),Te): 0 =498.8 ppm; elemental analysis calcd
(%) for C3sH,,CIFsTe: C 47.31, H 2.27; found: C 47.12, H 2.27.
(4-CF,C¢H,):TeBr (2a-Br): Yellow crystals; m.p. 274-275°C; 'H NMR
(CDCl,, 25°C, CHCLy): 6=7.87 (d, *J(HH)=8Hz, 2H), 7.73 (d,
J(HH)=8Hz, 2H), 7.63 (d, J(HH)=8Hz, 8H), 7.56 ppm (d,
*J(H,H)=8 Hz, 8H); ""F NMR (CDCl,;, 25°C, CFCl): 6=-63.3 (12F),
—63.8ppm (3F); “C NMR (CDCl;, 25°C, CHCL): 6=157.1 (s,
YJ(C,Te)=50 Hz), 139.1 (s, J(C,Te)=158 Hz), 1344 (d), 133.7 (q,
%J(C,F) =31 Hz), 133.4 (d), 132.2 (q, %/(C,F) =33 Hz), 126.6 (d), 125.3 (d),
123.6 (q, J(CF)=272 Hz), 1233 ppm (q, 'J(C,;F)=274 Hz); '*Te NMR
(CDCl;, 25°C, (CHs;),Te): 6=487.8 ppm; elemental analysis calcd (%)
for C3sH,F,sTeBr: C 45.06, H 2.16; found: C 44.87, H 2.02.

PhTeCl (2b-Cl): Yellow crystals; m.p. 215-216°C; 'H NMR (CDCl,,
25°C, CHCL): 6=7.79 (d, *J(H,H) =7 Hz, 2H), 7.56 (d, *J(H,H)=7 Hz,
8H), 7.49 (t, (H,H)=7 Hz, 1H), 7.39 (t, *J(H,H)=7 Hz, 2H), 7.34 (1,
SI(HH)=7Hz, 4H), 723ppm (t, J(H,H)=7Hz, 8H); “C NMR
(CDCl,, 25°C, CHCL): 6=154.4 (s), 134.8 (s), 1342 (d), 133.4 (d), 131.9
(d), 130.7 (d), 1292 (d), 127.7 ppm (d); ®Te NMR (CDCL, 25°C,
(CHs;),Te): d=533.9 ppm; elemental analysis caled (%) for C3H,sClTe:
C 65.68, H 4.59; found: C 65.98, H 4.32.

PhTeBr: Yellow crystals; m.p. 217°C; '"H NMR (CDCl,, 25°C, CHCL,):
0=17.77 (d, *)J(H,H)=7 Hz, 2H), 7.57 (d, *J(H,H)=7 Hz, 8H), 7.51 (d,
*J(HH)=7Hz, 1H), 7.32-7.45 (m, 6H), 7.23 ppm (t, *J(H,H)=7 Hz,
8H); *C NMR (CDCl,, 25°C, CHCL;): 6=153.7 (s), 134.0 (d), 133.5 (s),
1333 (d), 130.7 (d), 129.2 (d), 129.1 (d), 127.6 ppm (d); 'Te NMR
(CDCl;, 25°C, (CHs;),Te): 6=548.4 ppm; elemental analysis calcd (%)
for C;,H,sBrTe: C 60.76, H 4.249; found: C 60.87, H 4.38.

(4-BrC¢H,):TeBr (2d-Br): Pale yellow needles; m.p. 220°C (decomp); 'H
NMR (CDCl;, 25°C, CHCL,): 6=7.34 (d, *J(H,H)=9 Hz, 8H), 7.38 (d,
*J(H,H) =9 Hz, 8H), 7.55 ppm (s, 4H); *C NMR (CDCl;, 25°C, CHCL,):
0=124.5 (s), 126.2 (s), 130.8 (d), 131.7 (s), 132.7 (d), 134.1 (d), 135.2 (d),
151.9 ppm (s, 'J(C,Te)=34 Hz); '®Te NMR (CDCl,, 25°C, (CH,),Te):
0=512 ppm; elemental analysis calcd (%) for C;H, BrsTe: C 36.49, H
2.04; found: C 36.71, H 2.01.

General procedure for the reduction with KC; and reductive cleavage of
a Te—C bond in la: Potassium graphite (KCg) was freshly prepared
before every experiment. Graphite powder was added into a two- or
three-necked round-bottomed flask with a stirring bar and dried well in
vacuo with heating (using a heat gun), then the vessel was purged with
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argon. Potassium cut into small pieces was rinsed with hexane and added
to the graphite. The mixture was well stirred magnetically with heating,
then preparation of KCy was confirmed by the observation of a brown
colored powder. A solution of 1a (1.55 g, 1.55 mmol) in THF (30 mL)
was added to KC; (3.1 equivalents) at —78°C. After 1 h of stirring, CH;I
(1.00 mL, 16.1 mmol) was added. The mixture was filtered through a
Celite pad (graphite powder was removed) and volatile materials were
evaporated under reduced pressure. Recycling HPLC gave 1.32g
(97.9%) of 3a.

(4-CF;C¢H,)s(CH;)Te (3a): Colorless needles; m.p. 258-259°C (decomp);
"H NMR (CDCl,, 25°C, CHCl,): 6=2.35 (s, 3H), 7.45 (d, *J(H,H) =8 Hz,
8H), 7.52 (d, 3J(HH)=8Hz, 8H), 7.54 (d, *J(H,H)=8 Hz, 2H),
7.67 ppm (d, *J(H,H)=8 Hz, 2H); “F NMR (CDCl,, 25°C, CFCl,): 6=
—63.1 (12F), —63.3 ppm (3F); *C NMR (CDCl,, 25°C, CHCl): 6 =33.8
(q. J(C.Te)=8Hz, 12Hz), 1238 (q, Y(CF)=273Hz), 1238 (q,
'J(CF)=273 Hz), 124.9 (d), 125.2 (d), 131.1 (q, */(C,F)=33 Hz), 131.2
(g, ¥(CF)=33Hz), 133.1 (d), 133.7 (d), 153.9 (s, 'J(C,Te)=21Hz),
157.2 ppm (s, 'J(C,Te)=64 Hz); '®Te NMR (CDCl;, 25°C, (CH;),Te):
0 =345 ppm; elemental analysis calcd (%) for C;HyFsTe: C 49.81, H
2.67; found: C 49.62, H 2.41.

(4-CF;C¢H,)4(CH;),Te (4a): Colorless cubes, m.p. 275-276°C (decomp);
"H NMR (CDCl,, 25°C, CHCl,): 6=2.25 (s, 6H), 7.40 (d, *J(H,H) =8 Hz,
8H), 7.52 ppm (d, *J(H,H)=8H); F NMR (CDCl;, 25°C, CFCl,): 6=
—63.1ppm (s, 12F); ®C NMR (CDCl;, 25°C, CHCL): 6=30.9 (q,
J(C,Te)=13Hz), 1240 (q, J(CF)=273Hz), 1247 (d), 130.6 (q,
%J(C,F)=33 Hz), 132.7 (d), 160.3 ppm (s, 'J(C,Te) =105 Hz); '“Te NMR
(CDCl;, 25°C, (CH;),Te): 6 =272 ppm; elemental analysis caled (%) for
CyHy,F,Te: C 48.82, H 3.00; found: C 48.71, H 2.91.
(4-CF;C¢H,);(CH;);Te (mer-5a): A solution of (4-CF;C.H,)(CH;),Te*1™
(4.30 g, 10.0 mmol) in THF (200 mL) was added to KCg (11.6 equiv) at
—78°C. After 5min of stirring, CH;I (12.5 mL, 201 mmol) was added.
Recycling HPLC gave frans-4a (tx=>58 min, 48.7 mg, 0.0660 mmol,
0.660 %), trans-6a (tx =64 min, 477 mg, 0.998 mmol, 9.98 %), and mer-5a
(tg=63 min, 37.3 mg, 0.0613 mmol, ca. 0.6%). mer-5a: colorless plates,
m.p. 219-220°C (decomp); 'H NMR (CDCl;, 25°C, CHCL,): 6=2.06 (s,
3H), 2.07 (s, 6H), 7.32 (d, *J(H,H)=8 Hz, 2H), 7.45 (d, *J(H,H)=8 Hz,
2H), 7.56 (d, *J(H,H) =8 Hz, 4H), 7.62 ppm (d, */(H,H)=8 Hz, 4H); “F
NMR (CDCl;, 25°C, CFCL): 6=-62.9 (s, 3F), —63.0 ppm (s, 6F); C
NMR (CDCl;, 25°C, CHCL): 6=33.5 (q), 33.7 (q), 124.0 (g, 'J(CF)=
273 Hz), 1240 (q, J(CF)=273Hz), 124.3 (d), 124.7 (d), 130.0 (q,
%J(C,F)=33 Hz), 130.0 (q, (C,F) =33 Hz), 131.5 (d), 132.1 (d), 162.2 (s),
162.9 ppm (5); '®Te NMR (CDCl;, 25°C, (CH;),Te): 0 =201 ppm; ele-
mental analysis caled (%) for C,,H, FoTe: C 47.41, H 3.48; found: C
47.66, H 3.58.

(4-CF;C¢H,),(CH;)Te (trans-6a): A solution of trans-4a (0.0384 g,
0.0520 mmol) in THF (5 mL)was added to KCg (43 equiv) at —78°C.
After the mixture had been stirred for 5 min, CH,I (0.30 mL, 4.82 mmol)
was added. Recycling HPLC gave trans-4a (30.0 mg; 78.2%) and trans-
6a (4.8mg; 193%). trans-6a: Colorless cubes, m.p. 223-224°C
(decomp); 'H NMR (CDCls, 25°C, CHCl3): 6=1.88 (s, 12H), 7.64 (d,
3J(HH)=8Hz, 4H), 7.85ppm (d, *J(HH)=8Hz, 4H); “F NMR
(CDCl,, 25°C, CFCly): 6=-63.0 ppm (s, 6F); °C NMR (CDCl,, 25°C,
CHCL): 6=36.3 (q, J(C,Te)=7 Hz), 124.2 (q, 'J(C,F)=273 Hz), 124.9
(d), 129.6 (q, J(CF)=33Hz), 130.5 (d), 165.9ppm (s, J(C,Te)=
173 Hz); '"»Te NMR (CDCl;, 25°C, (CH;),Te): 6=119 ppm; elemental
analysis calcd (%) for C;HyF,Te: C 45.29, H 4.22; found: C 45.29, H
4.23.

Ph,(CH;),Te (trans-4b): A solution of PhyTe*Br~ (0.220 g, 0.501 mmol)
and Phl (0.230 mL, 2.06 mmol) in THF (30mL) was added to KC;
(20.0 equiv) at —100°C. After the mixture had been stirred for 1 min,
CH;I (1.30mL, 20.9 mmol) was added. Recycling HPLC gave 3b
(50.6 mg, 0.0958 mmol, 19.1%) and trans-4b (27.3 mg, 0.0586 mmol,
11.7%). trans-4b: Colorless needles, m.p. 246-247°C (decomp); 'H NMR
(CDCl,, 25°C, CHCly): 0=2.14 (s, 6 H), 7.20 (t, *J(H,H) =7 Hz, 8H), 7.28
(t, *J(H,H)=7Hz, 4H), 7.32 ppm (d, *J(H,H)=7 Hz, 8H); “C NMR
(CDCl,;, 25°C, CHCLy): 6=29.5 (q, 'J(C,Te) =17 Hz), 127.1 (d), 127.5 (d),
132.6 (d), 157.5ppm (s, 'J(C,Te)=75Hz); 'Te NMR (CDCl;, 25°C,
(CH;),Te): 0=274 ppm; elemental analysis caled (%) for C,sHyTe: C
67.00, H 5.62; found: C 66.73, H 5.35.
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(4-CH5;C¢H,)s(CH5)Te (3¢), (4-CH;C(H,),(CH;),Te (trans-4c), and (4-
CH;C¢H,),(CH;),Te (frans-6¢): A solution of (4-CH;C.H,);Te*Cl™
(2.18 g, 5.00mmol) and 4-CH,CH,I (4.36¢g, 20.0mmol) in THF
(150 mL) was added to KCg (15.3 equivalents) at —115°C. After the mix-
ture had been stirred for 5 min, CH;I (10.0 mL, 161 mmol) was added.
Recycling HPLC gave 3¢ (fg =68 min, 1.13 g, 1.89 mmol, 36.3 %), trans-
4c¢ (tg=71 min, 6.4 mg, 0.0123 mmol, 0.245 %), and trans-6¢ (tx =71 min,
102 mg, 0.277 mmol, 5.54%). 3c¢: Colorless plates, m.p. 226-227°C
(decomp); 'H NMR (CDCl,, 25°C, CHCl,): 6=2.16 (s, 3H), 2.24 (s, 3H),
2.31 (s, 12H), 6.95 (d, *J(H,H) =8 Hz, 2H), 6.97 (d, *J(H,H) =8 Hz, 8H),
727 (d, *J(H,H)=8 Hz, 8H), 7.50 ppm (d, *J(H,H)=8 Hz, 2H); "*C
NMR (CDCl;, 25°C, CHCL): 6=21.0 (q), 21.1 (q), 33.0 (q, J(C,Te)=
12 Hz), 127.7 (d), 127.9 (d), 133.1 (d), 133.7 (d), 137.0 (s), 137.1 (s), 148.5
(s, 'J(C,Te)=17 Hz), 151.9 ppm (s, 'J(C,Te) =50 Hz); '»Te NMR (CDCl,,
25°C, (CHs;),Te): 6 =341 ppm; elemental analysis caled (%) for CyHxTe:
C 72.27, H 6.40; found: C 72.02, H 6.60. trans-4¢: Colorless needles, m.p.
272-273°C (decomp); '"H NMR (CDCl,;, 25°C, CHCl;): 6=2.07 (s, 6H),
2.33 (s, 12H), 7.00 (d, *J(H,H) =8 Hz, 8H), 7.20 ppm (d, *J(H,H) =8 Hz,
8H); *C NMR (CDCl;, 25°C, CHCLy): 6=21.3 (q), 29.7 (q, J(C,Te) =
15 Hz), 127.7 (d), 132.6 (d), 136.9 (s), 154.5 ppm (s, J(C,Te)=70 Hz);
3Te NMR (CDCl;, 25°C, (CH;),Te): =266 ppm; elemental analysis
caled (%) for CyHyTe: C 69.00, H 6.56; found: C 68.72, H 6.58. trans-
6¢: Colorless plates, M.p. 213-214°C (decomp); '"H NMR (CDCl,, 25°C,
CHCLy): 6=1.82 (s, 12H), 2.36 (s, 6H), 7.19 (d, *J(H,H)=8 Hz, 4H),
7.63 ppm (d, *J(H,H)=8 Hz, 4H); *C NMR (CDCl,, 25°C, CHCL,): 6=
213 (q), 355 (g, Y(CTe)=7Hz), 1284 (d), 129.9 (d), 136.7 (s),
159.8 ppm (s, 'J(C,Te) =126 Hz); '®Te NMR (CDCl,, 25°C, (CH;),Te):
0=113 ppm; elemental analysis calcd (%) for C;sH,sTe: C 58.43, H 7.08;
found: C 58.20, H 7.29.

General procedures for bromination of hexaaryltellurium to give penta-
arylbromotellurium (2-Br): Br, (5 drops, ca. 2.0 mmol) was added to a
solution of 3 (0.2 mmol) in CH,Cl, (5mL) at room temperature. After
the mixture had been stirred for 3 h, volatile materials were evaporated.
The crude product was almost pure 2-Br. The spectra of 2a-Br and 2b-Br
were identical to those described above.

(4-CH;C¢H,);TeBr (2¢-Br): Yellow needles, m.p. 211-212°C (decomp);
'H NMR (CDCl,;, 25°C, CHCLy): 6=2.33 (s, 15H), 7.03 (d, J(H,H)=
8 Hz, 10H), 7.47 ppm (d, *J(H,H) =8 Hz, 10H); *C NMR (CDCl,, 25°C,
CHCLy): 6=21.1 (q), 1282 (d), 133.2 (d), 139.2 (d), 150.7 ppm (s); *Te
NMR (CDCl;, 25°C, (CHj;),Te): 6 =536 ppm.

General procedures for chlorination of hexaaryltellurium to give penta-
arylchlorotellurium (2-Cl): SO,Cl, (10 drops, ca. 2.0 mmol) was added to
a solution of 3 (0.1 mmol) in CH,Cl, (5§ mL) at room temperature. After
the mixture had been stirred for 5 min, volatile materials were removed
in vacuo. The spectra of 2a-Cl and 2b-Cl were identical with those de-
scribed above. (4-CH;C¢H,)sTeBr (2¢-Cl): Yellow needles, m.p. 180-
181°C (decomp); 'H NMR (CDCl,, 25°C, CHCLy): 6=2.33 (s, 15H), 7.02
(d, *J(H,H)=8 Hz, 10H), 7.43 ppm (d, */(H,H)=8 Hz, 10H); *C NMR
(CDCl,;, 25°C, CHCL): 6=21.2 (q), 1283 (d), 133.4 (d), 139.1 (d),
151.3 ppm (s); '*Te NMR (CDCl,;, 25°C, (CH;),Te): 6 =536 ppm.

(4-CF;CH,),(CH;)TeBr (trans-7a-Br): Br, (5 drops, ca. 2.0 mmol) was
added to a solution of trans-4a (0.148 g, 0.201 mmol) in CH,Cl, (5 mL) at
room temperature. After the mixture had been stirred for 3 h, volatile
materials were evaporated. Crude products were almost pure trans-7a-
Br. Recycling HPLC gave trans-7a-Br (0.059 g, 0.074 mmol, 37%);
yellow plates, m.p. 119-120°C (decomp); 'H NMR (CDCl;, 25°C,
CHCly): =261 (s, 3H), 7.56 ppm (s, 16H); “F NMR (CDCl, 25°C,
CFCl;): §=-63.2ppm (s, 12F); *C NMR (CDCl,, 25°C, CHCL): 6=
19.1 (q, J(C,Te) =70 Hz), 123.4 (q, 'J(C,F)=273 Hz), 125.0 (d), 131.9 (q,
%J(C,F)=33 Hz), 131.9 (d), 158.0 ppm (s, 'J(C,Te)=42 Hz); '*Te NMR
(CDCl;, 25°C, (CH;),Te): =399 ppm. Br, (3 drops, ca. 1.2 mmol) was
added to a solution of cis-4a (0.074 g, 0.100 mmol) in CH,Cl, (5mL) at
room temperature. After the mixture had been stirred for 5 min, volatile
materials were evaporated. Crude products were almost pure trans-7a-
Br.

(4-CF;C¢H,)4(CH;)TeCl (trans-7a-Cl): SO,Cl, (10 drops, ca. 2.0 mmol)
was added to a solution of frans-4a (0.0736 g, 0.0997 mmol) in CH,Cl,
(5mL) at room temperature. After the mixture had been stirred for
5 min, volatile materials were removed in vacuo to give the desired trans-
7a-Cl (0.0726 g, 0.0957 mmol, 96.0 % ); colorless needles, m.p. 233-234°C
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(decomp); 'H NMR (CDCls, 25°C, CHCl,): 6=2.58 (s, 3H), 7.56 ppm (s,
16H); °F NMR (CDCl,, 25°C, CFCL): 6 =—63.2 ppm (s, 12F); *C NMR
(CDCl,, 25°C, CHCL): 6=19.8 (q, 'J(C.Te)=86 Hz), 123.6 (q, 'J(C.F)=
273 Hz), 1252 (d), 1319 (q, 2(C,F)=33 Hz), 1322 (d), 158.8 ppm (s,
J(C,Te)=57 Hz); '*Te NMR (CDCls, 25°C, (CH,),Te): 6 =409 ppm; ele-
mental analysis caled (%) for C,0H;CIF,Te: C 45.92, H 2.52; found: C
45.72, H 2.35.

General procedures for nucleophilic substitution of the halide in penta-
organotellurium halide with organolithium reagents by triflate: THF
(25 mL) was added to a mixture of AgSO;CF; (0.537 g, 2.09 mmol) and
pentaorganotellurium halide (1.20 mmol) at room temperature and the
reaction mixture was stirred for 10 min. After evaporation of THF in
vacuo, CH,Cl, (25 mL) was added. Precipitated AgCl was filtered off
from the reaction mixture under an argon atmosphere, and CH,Cl, was
evaporated from the filtrate. Et,0 (50 mL) was added to the condensed
reaction mixture followed by addition of organolithium reagent
(15 mmol) at —90°C. The reaction mixture was allowed to warm to room
temperature and the solvent was removed. Products were washed with
NH,CI (aq).

(4-BrC¢H,)Te (1d): Colorless plates, m.p. >300°C; 'H NMR (CDCl,,
25°C, CHCly): 0=6.85 (d, *J(H,H)=9 Hz, 12H), 7.35 ppm (d, *J(H,H)=
9 Hz, 12H); *C NMR (CDCl,, 25°C, CHCl,): 6=123.9 (s), 131.6 (d),
134.6 (d), 1473 ppm (s, 'J(C,Te)=37 Hz); '®Te NMR (CDCl,, 25°C,
(CHj3),Te): =476 ppm.

(4-CF;C¢H,)s(4-MeOCH,)Te (8): Colorless crystals; m.p. >290°C; 'H
NMR (CDCl,, 25°C, CHCly): 6=7.52 (d, *J(H,H)=9 Hz, 2H), 7.49 (d,
3J(H,H)=9 Hz, 8H), 7.12 (d, *J(H,H)=9 Hz, 8H), 7.10 (d, J(H,H)=
9 Hz, 2H), 6.83 (d, *J(H,H)=9 Hz, 2H), 6.77 (d, *J(H,H)=9 Hz, 2H),
3.79 ppm (s, 3H); F NMR (CDCls, 25°C, CFCl;): 6=—-63.1 (s, 12F),
—63.3 ppm (s, 3F); °C NMR (CDCl,, 25°C, CHCLy): 6=159.6 (s), 153.2
(s), 153.0 (s), 152.9 (s), 134.6 (q, >J(C,F)=42 Hz), 134.4 (q, 2/(CF)=
42 Hz), 134.3 (d), 133.5 (d), 133.4 (d), 125.7 (q, 'J(C,F) =289 Hz), 125.6
(g, 'J(C,F)=289 Hz), 125.6 (d), 125.5 (d), 125.4 (d), 55.3 ppm (5); *Te
NMR (CDCl,, 25°C, (CH;),Te): 6=469.9 ppm; elemental analysis calcd
(%) for Cy;HyF sTe + 1/2H,0: C 49.97, H 2.72; found: C 50.02, H 2.54.
(4-CF;C¢H,)s(CH=CH,)Te (9): Colorless needles; m.p. 214-215°C; 'H
NMR (CDCl, 25°C, CHCly): 6=7.53 (d, *J(H,H)=8 Hz, 2H), 7.51 (d,
3J(H,H)=8 Hz, 8H), 7.41 (d, *J(H,H)=8 Hz, 2H), 7.35 (d, *J(H,H)=
8 Hz, 8H), 6.80 (dd, *J(H,H)=11 Hz, 18 Hz, 1H), 6.39 (d, */(H,H)=
11 Hz, 1H), 5.38 ppm (d, *J(H,H) =18 Hz, 1 H); *C NMR (CDCl,, 25°C,
CHCly): 6=153.9 (s, 'J(C,Te)=49 Hz), 151.6 (s, 'J(C,Te)=25 Hz), 133.6
(d), 132.9 (d), 131.5 (q, >J(C,F) =32 Hz), 131.3 (q, 2J(C,F)=32 Hz), 129.6
(d), 125.6 (d), 125.5 (d), 125.1 (d), 123.7 (q, 'J(C,F)=271 Hz), 123.6 ppm
(q, J(CF)=271Hz); ""Te NMR (CDCl,, 25°C, (CH,),Te): 6=
420.3 ppm; elemental analysis caled (%) for CyHyFsTe + 1/2H,0: C
49.97, H 2.72; found: C 50.02, H 2.54.

Phs(CH=CH_)Te (10): Colorless needles; m.p. 239-240°C; 'H NMR
(CDCl,, 25°C, CHCLy): 6=7.30-7.45 (m, 1H), 7.38 (d, *J(H,H)=8 Hz,
2H), 7.30 (1, *J(H,H) =8 Hz, 8H), 7.19 (t, *J(H,H) =8 Hz, 4H), 7.15-7.22
(m, 2H), 7.07 (d, *J(H,H) =8 Hz, 8H), 6.85 (dd, *J(H,H)=11 Hz, 19 Hz,
1H), 6.27 (d, *J(H,H)=11 Hz, 1H), 5.32 ppm (d, *J(H,H)=19 Hz, 1H).
3C NMR (CDCl;, 25°C, CHCLy): 6=154.2 (s, 'J(C,Te)=53 Hz), 151.6 (s,
'J(C,Te)=37 Hz), 150.1 (d), 149.8 (d), 133.6 (d), 133.2 (d), 128.3 (d),
128.1 (d), 127.5 (d), 127.3 ppm (d); '*Te NMR (CDCls, 25°C, (CH;),Te):
0=429.5; elemental analysis caled (%) for C;,HysTe + 1/2H,0: C 69.98,
H 5.32; found: C 69.88, H 5.13.

(4-CF;C¢H,)s(CH,SPh)Te (11): Red solid; m.p. 152-153°C; 'H NMR
(CDCl,, 25°C, CHCL): 6=7.77 (d, *J(HH)=7Hz, 2H), 7.72 (d,
3J(H,H)=7 Hz, 2H), 7.6-7.7 (m, 5H), 7.68 (d, *J(H,H)=7 Hz, 8H), 7.46
(d, J(H,H)=7Hz, 8H), 3.55ppm (s, 2H); YF NMR (CDCl;, 25°C,
CFCly): 6=-63.0 (s, 12F), —63.4 ppm (s, 3F); °C NMR (CDCl,, 25°C,
CHCly): 6=152.2 (s), 150.6 (s), 140.8 (s), 133.6 (d), 133.2 (d), 131.0 (q,
%J(C,F) =30 Hz), 130.4 (q, 2/(C,F)=30 Hz), 130.1 (d), 125.9 (d), 125.8 (d),
125.7 (d), 123.3 (q, J(C,F)=270 Hz), 123.0 (q, 'J(C,F)=270 Hz), 122.5
(d), 47.0 ppm (s); '*Te NMR (CDCls, 25°C, (CH,),Te): 6 =420.7 ppm; el-
emental analysis calcd (%) for C,H,,FsSTe: C 51.6, H 2.78; found: C
49.9, H 2.67.

Phy(CH,SPh)Te (12): Colorless crystals; m.p. 164-165°C; 'H NMR
(CDCl,, 25°C, CHClL): 0=746 (d, *J(HH)=7Hz, 2H), 742 (d,
3J(H,H)=7 Hz, 8H), 7.36-7.39 (m, 2H), 7.33 (t, *J(H,H)=7 Hz, 4H),
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7.24 (t, *J(H,H)=7 Hz, 8H), 7.14-7.20 (m, 4H), 7.08 (t, *J(H,H)=7 Hz,
2H), 3.76 ppm (s, 2H); *C NMR (CDCl,, 25°C, CHClL,): §=151.9 (s),
148.1 (s), 140.1 (s), 135.0 (d), 134.4 (d), 133.1 (d), 131.7 (d), 130.5 (d),
128.4 (d), 127.8 (d), 125.0 (d), 1222 (d), 46.5ppm (s); '®Te NMR
(CDCl;, 25°C, (CHs;),Te): 6=403.7 ppm; elemental analysis calcd (%)
for C3;H;,STe: C 69.84, H 5.06; found: C 70.14, H 5.00.

Phy(nBu)Te (13): Colorless crystals; m.p. 130-131°C; 'H NMR (CDCl,,
25°C, CHCl,): 6=7.27 (d, *J(H,H)=7 Hz, 2H), 7.22 (d, *J(H,H)=7 Hz,
8H), 7.22 (t, *J(H,H)=7Hz, 2H), 7.15 (t, *J(H,H)=7 Hz, 1H), 7.11 (t,
3J(H,H)=7Hz, 8H), 7.04 (1, *J(H,H)=7 Hz, 4H), 2.84 (t, *J(H,H)=
9 Hz, 2H), 1.41 (tt, *J(H,H)=7 Hz, 9 Hz, 2H), 1.25 (tq, *J(H,H)=7 Hz,
2H), 0.78 ppm (t, *J(H,H)=7 Hz, 3H); *C NMR (CDCl;, 25°C, CHCL,):
0=152.7 (s), 151.6 (s), 133.6 (d), 132.9 (d), 128.3 (d), 127.9 (d), 127.8 (d),
127.5 (d), 50.1 (s), 30.9 (s), 24.7 (s), 13.6 ppm (5); '“Te NMR (CDCl,,
25°C, (CH;),Te): 6=401.9 ppm; elemental analysis caled (%) for
C,,H,,FsTe + 3benzene: C 60.32, H 3.79; found: C 59.98, H 3.55.
(4-CF,C¢H,),(CH;),Te (cis-4a): Colorless plates; m.p. 236-237°C; 'H
NMR (CDCl;, 25°C, CHCL,): 6=2.19 (s, 6H), 7.46 (d, *J(H,H)=8 Hz,
4H), 7.52 (d, *J(HH)=8Hz, 4H), 7.53 (d, *J(H,H)=8Hz, 4H),
7.56 ppm (d, *J(H,H)=8 Hz, 4H); "YF NMR (CDCl,, 25°C, CFCl): 6=
—63.0 (s, 6F), —63.1 ppm (s, 6F); *C NMR (CDCl,, 25°C, CHCLy): 6=
34.5 (q, J(C,Te)=9 Hz), 123.8 (q, 'J(C,F)=273 Hz), 123.9 (q, 'J(CF)=
273 Hz), 124.6 (d), 124.7 (d), 1304 (q, *(CJF)=33Hz), 130.5 (q,
2J(CF)=33Hz), 1327 (d), 1328 (d), 159.6 (s, 'J(C,Te)=87 Hz),
160.0 ppm (s, 'J(C,Te)=25Hz); '“Te NMR (CDCl;, 25°C, (CH;),Te):
0=272 ppm; elemental analysis calcd (%) for C;Hy,F,Te: C 48.82, H
3.00; found: C 48.65, H 2.82.

X-ray structural analysis of 1d, cis-4a, trans-dc, trans-7a-Cl, and 9:
CCDC-212473 (1d), CCDC-212475 (cis-4a), CCDC-212476 (trans-4c),
CCDC-212478 (trans-7a-Cl), and CCDC-212479 (and 9) contain the sup-
plementary crystallographic data for this paper. These data can be ob-
tained free of charge via www.ccdc.can.ac.uk/conts/retrieving.html (or
from the Cambridge Crystallographic Centre, 12 Union Road, Cambridge
CB21EZ, UK; Fax: (+44)1223-336033; or deposit@ccdc.cam.ac.uk). A
summary of the important data from the X-ray structure determinations
is given in Table 5. Data were collected at 150 K on a Mac Science
DIP2030 imaging plate equipped with graphite-monochromated Moy, ra-
diation (1=0.71073 A). Unit cell parameters were determined by autoin-
dexing several images in each data set separately with program DENZO.
For each data set, rotation images were collected in 3° increments with a
total rotation of 180° about ¢. Data were processed by using SCALE-
PACK. The structures were solved by using the teXsan system and re-
fined by full-matrix least-squares. The programs (DENZO and SCALE-
PACK) are available from Mac Science Co. Z Otwinowski, University of
Texas, Southwestern Medical Center. The program teXsan is available
from Rigaku Co.
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Table 5. Crystallographic data for 1d, cis-4a, trans-4c¢, trans-7a-Cl, and 9.

Compound 1d cis-4a trans-4¢ trans-7a-Cl 9

formula C3H,,BreTe CyHy,F, Te CyH;Te CyH,,CIF, Te CyHy3F sTe
molecular weight 1063.61 738.08 522.20 758.50 880.16
crystal system triclinic triclinic monoclinic tetragonal monoclinic
space group P1 Pl P2l/n Pdnc P21/n
crystal dimensions [mm] 0.25x0.25%0.20 0.45x0.35%0.15 0.50x0.40%0.15 0.30x0.20x0.15 0.35x0.20x0.15
color colorless colorless colorless colorless Colorless
habit plate plate plate plate Plate

a[A] 8.8090(5) 11.3390(4) 10.1390(2) 12.1140(3) 11.3410(3)
b[A] 10.3350(6) 12.3720(5) 19.4320(5) 12.1140(3) 18.3810(6)
c[A] 10.6080(8) 12.6680(5) 13.3370(2) 9.5460(3) 17.090(4)
a[°] 73.533(3) 72.540(2) 90 90 90

BI°] 77.535(3) 88.201(2) 104.740(1) 90 91.788(2)

v [°] 67.508(3) 62.302(2) 90 90 90

vV [A7] 849.39(10) 1488.7(1) 2541.19(8) 1400.87(4) 3562.3(1)

V4 1 2 4 2 4

Ocaled [gem ] 2.079 1.646 1.365 1.798 1.641
ufem™] 7.979 1.093 1.185 1.256 0.940
F(000) 502 724 1024 740 1728

Moy, radiation [A] 0.71073 0.71073 0.71073 0.71073 0.71073
temp [K] 190 200 190 200 273

260 max [°] 56.1 56.1 56 - -

data collected +h,+k,+1 +h,+k,+1 +h,+k, =1 +h, £k, +1 +h, +k,£1

total data collected, obsd
no. of parameters refined
R, R,, goodness of fit (obs)
max shift in final cycle

3326, 2664(1> 30(I))
196

0.0743, 0.1180, 1.290
0.0008

111

6503, 6045(1>30(I))
380

0.0648, 0.0984, 1.228
0.0015

1.19

5774, 5628(1 > 30(I))
280

0.0471, 0.0844, 1.340
0.0008

0.63

1025, 859(1>30(I))
100

0.0316, 0.0466, 0.936
0.0291

035

7949, 6707(1 > 30(I))
469

0.0749, 0.1246, 1.420
0.0530

127

final diff map, max [e A~
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