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Scheme 3. Synthesis of a biotinylated glycophosphopeptide from the
transactivation domain of the serum response factor. a) H-Ser(fBu)-OCho
(12), DIC, HOBt, CH,Cl,, 73 %; b) butyrylcholine esterase, 0.01mM phos-
phate buffer, pH 6.5, 37°C, 88%; c) H-Ser(sBu)-Gly-OrBu (14), DIC,
HOBt, CH,Cl,, 78%; d) penicillinG acylase, 0.7M phosphate buffer/
methanol (70/30, pH 7), Nal (500 equiv), room temperature (RT), 65%;
e) Aloc-Thr(P(O)(OAll),)-GIn-Thr-OH (7), DIC, HOBt, CH,Cl,, 74 %;
f) (PPh;),Pd, HCOOH/nBuNH, (10 equiv/6 equiv), RT; g) F;CCOOH;
h) hydrazine hydrate (3000 equiv), methanol, RT, 40% (three steps);
i) Biot-ACA-NHS (18), DMF, 68 %.

In conclusion we have devised a new and efficient strategy
for the synthesis of glycosylated and phosphorylated peptides
based on the combination of suitable enzyme-labile protect-
ing groups. By means of this methodology acid- and base-
sensitive biologically relevant labeled peptide conjugates can
be built up, which may open up new avenues of research in
biology and bioorganic chemistry. In particular, they should
serve to unravel the chemical biology of the serum respone
factor and the importance of its posttranslational modification
in molecular detail.
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[ (TeMe,)Mn(CO),(u5-Te) (u-Te)Mn,(CO) ] :
A Pentacoordinate Bridging Tellurido Ligand
in a Square-Pyramidal Geometry**

Minghuey Shieh,* Horng-Sun Chen, Huey-Yea Yang,
and Chuen-Her Ueng

Chalcogen-containing transition metal carbonyl complexes
have attracted much attention recently due to their versatile
bonding modes and reactivity.'l Nevertheless, Mn-Te - CO
clusters have remained unknown despite considerable advan-
ces in the corresponding chemistry of Fe — Te — CO clusters.> 3
We have discovered a simple and efficient route to this new
family of clusters that involves the direct thermal reaction of
the common reagents [Mn,(CO),,] and K,TeO;. In contrast to
the well-studied Fe system, the new Mn —Te clusters are based
on octahedra with u,-Te centers.

The parent cluster 1 (PPN =[P(C¢Hs);],N*) was synthe-
sized by the reaction of K,TeO; with [Mn,(CO),,] in methanol
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followed by precipitation with [PPN]Cl. The Te-metalated
complex 2 was obtained from 1 and MeSO;CF; in CH,Cl,.
The cluster anions of 1 and 2 represent the first examples of
tellurido manganese carbonyl clusters; each contains four
manganese —manganese bonds.

[PPN],[ (us-Te),Mny(CO),,) 1
[PPN][(TeMe,)Mn(CO),(us-Te)(ps-Te)Mny(CO) ;] 2

A variety of coordination modes are observed for tellurido
ligands in transition metal complexes.* 3! Doubly and triply
bridging tellurido ligands are common, but quadruply bridg-
ing tellurido ligands are much rarer!>245 due to the
decreased basicity of the tellurium atom compared to its
congeners. The only two previous examples of complexes with
the bridging us-Te ligands in a pyramidal mode are [NiyTeq-
(PEt;)s] and [Niy Te 5(PEt;);,].[) Here we describe for the first
time the ability of the Te? ligand in the pyramidal TeMn, unit
to bind another metal center in an axial fashion.

X-ray structure analysis shows that the anion of 1 has an
octahedral geometry with two u,-Te ligands and four seven-
coordinate manganese atoms (Figure 1).11 Structurally char-

Figure 1. Crystal structure of the dianion of 1 (30 % thermal ellipsoids).
Selected bond lengths [A] and angles [°]: Te—Mn1 2.6363(8), Te—Mnla
2.6355(6), Te—Mn2 2.6482(8), Te~Mn2a 2.6444(7), Mn1-Mn2 2.7976(8),
Mnl1-Mn2a 2.8237(9); Mn1-Te-Mnla 97.42(2), Mn2-Mn1-Mn2a 90.40(2),
Mn1-Mn2-Mnla 89.60(2).

acterized complexes containing u,-Te ligands include [(u,-
Te),Ruy(CO)yy ], [ (us-Te)RupFey(CO) ] [ (us-Te) (- Te)-
Fe,0s3(CO) 7], [{Fey(CO)g)(ua-Te) (us-Te){Rus(CO)y 1M
[ (us-Te),Coy(CO)6(EtsP),] 1) [Coyy Ter(CO) ;o)1 [Ruy(Te,),-
(CO)p>~,1 and [(us-Te),Fe,(CO), |1 However, the lone
pair of the u,-Te atom was not shown to be chemically active,
and its basicity has not been demonstrated in transition metal
complexes.

The question arises whether the basicity of Te is affected by
the transition metal centers. Increased basicity of Te might be
expected owing to the more electropositive character of Mn.
We therefore attempted the alkylation of 1. Careful methyl-
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ation of 1 with MeSO;CF; led to the isolation of the
unexpected Te-metalated complex 2, in which a quadruply
bridging tellurido ligand is externally bonded to a Mn(CO),-
TeMe, fragment, presumably by formation of a Te —Mn
donor —acceptor bond. The structure of 2 was determined by
single-crystal X-ray analysis (Figure 2).[" The '"H NMR spec-

Figure 2. Crystal structure of the anion of 2 (30% thermal ellipsoids).
Selected bond lengths [A] and angles [°]: Tel-Mn1 2.601(3), Tel-Mn2
2.577(3), Tel-Mn3 2.602(3), Tel-Mn4 2.577(3), Tel-Mn5 2.643(3),
Te2—Mnl 2.632(3), Te2—Mn2 2.647(3), Te2—Mn3 2.638(3), Te2—Mn4
2.642(4), Te3—Mn5 2.614 (3), Te3—C av 2.15(2), Mnl-Mn2 2.858(4),
Mn1-Mn4 2.837(5), Mn2—Mn3 2.810(5), Mn3—Mn4 2.854(5); Mn2-Mn1-
Mn4 89.4(1), Mn1-Mn2-Mn3 90.5(1), Mn2-Mn3-Mn4 90.0(1), Mn1-Mn4-
Mn3 90.1(1).

trum of the anion of 2 showed signals at 6 =2.18 and 2.14,
similar to that of the methyltellurido ligands in [Fe,(Te,),-
(Te),(TeMe),(CO)s)*~ (6 =2.2).116

A detailed study showed that the mononuclear cationic
species [Mn(CO),(TeMe,)]" was produced in the course of
this reaction, which was monitored by IR spectroscopy.!'”)
Hence, it is reasonable to assume that the anion of 2 results
from the interaction of the dianion of 1 through the u,-Te
atom with the moiety [(TeMe,)Mn(CO),]*, which could be
derived from the fragmentation of cluster 1 upon methylation.
However, the role of MeSO;CF; is crucial because the
attempted reaction of 1 with [Mn(CO)]Br failed to give the
expected metalated product.

There are several interesting features in 2. First, the
geometry of the us-Te ligand is close to square pyramidal,
but slight differences in the Tel—Mn distances and the Mn5-
Tel-Mn angles cause a deviation from perfect C,, symmetry.
The crystal packing of 2 shows no significant interaction
between the cation and the anion or between the anions. The
bulky Te,Mn,(CO),, group and the TeMe, moiety are cis
rather than trans to each other. This is explained in terms of
the trans influence of the Te,Mn,(CO),, moiety. Since
Te,Mn,(CO),, is a not a strong o-bonding ligand, a strongly
o bonding CO ligand is preferred to a TeMe, group in the
position trans to the Te,Mn,(CO),, ligand. The (u,-Te)—Mn
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bond lengths of 2 and 1 are almost equal (2.632-2.648 A).
The (us-Te)—Mn bonds of 2 were expected to be significantly
longer, but the opposite effect is observed: these bonds are
unusually short (2.577-2.602 A).

We have discovered a new family of Te—Mn - CO clusters
and a novel us-Te?~ bonding mode. Our results strongly
suggest the existence of us-Te’~ ligands in other early
transition metal clusters, and the investigation of this possi-
bility is currently underway.

Experimental Section

All experiments were performed under a nitrogen atmosphere.

1: To a mixture of [Mn,(CO),,] (0.725 g, 1.86 mmol) and K,TeO;-H,0O
(0.236 g, 0.930 mmol) was added MeOH (40 mL). The solution was heated
to reflux (110°C) for 98 h to give a red-brown solution, which was filtered
and concentrated. Dropwise addition of a solution of [PPN]CI (0.705 g,
1.23 mmol) in MeOH precipitated a solid, which was washed several times
with deionized water. The residue was recrystallized from CH,Cl,/MeOH
several times to give 0.44 g (0.233 mmol) of 1 (50 % yield based on Te). IR
(CH,CL): 7co=1941 (s), 1884 cm™' (m); elemental analysis calcd for
CgHeeMnyN,O,,P,Te,: C 53.43, H 3.20, N, 1.48; found: C 53.44, H 3.15, N
1.47. Compound 1 is soluble in CH,Cl,, THF, and MeCN, but insoluble in
hexanes, Et,0, and MeOH. Crystals suitable for X-ray analysis were grown
from a solution in MeCN.

2: MeSO;CF; (0.283 mL, 2.20 mmol) was added to 1 (0.520 g, 0.275 mmol)
in CH,Cl, (30 mL) at 0°C. The solution was allowed to warm to room
temperature and stirred for 26 h. The resulting solution was filtered, the
solvent was removed under vacuum, and the residue was extracted with
CH,(l, and then recrystallized from CH,Cl,/hexane several times to give
0.210 g (0.130 mmol) of 2 (78 % yield based on Te). IR (THF): 7, =2078
(w), 2008 (m), 1960 (s), 1905 cm~' (m); elemental analysis caled for
Cs,H3sMnsNO (P, Te;: C 38.74, H 2.17, N 0.84; found: C 38.72, H 2.09, N
0.94; 'TH NMR (400 MHz, CDCl;, 295 K): 6 =2.18, 2.14. Compound 2 is
soluble in Et,0, CH,Cl,, THF, MeCN, and MeOH, but insoluble in hexane.
Crystals suitable for X-ray analysis were grown from a solution in Et,0/
CH,(Cl,.
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