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to the formed ring was observed in all cases. Using the 13C NMR 
correlations of Bartlett,9 the major diastereomer was assigned as 
E. With allyl alcohol as the reaction partner, the initial adducts 
were directly equilibrated to the thermodynamically more stable 
(^-a./J-unsaturated isomers. 

Creation of a third stereogenic center in the /?,y-unsaturated 
chain by using 3-buten-2-ol occurs with little selectivity (eq 5). 
Since the a,/?-unsaturated ketones derived by simple isomerization 
are synthetically more useful, the lack of stereocontrol in the side 
chain is less consequential. Ring stereochemistry, however, 
continues to be high. It is interesting to note that the presence 
of additional free alcohol as in 17c did not interfere. 

Sy° 

a) R . C s H , „ F r . H 
b) R1 . Hj, R ! - OCH2Ph 
C) R' . H, R2 - OH 

A detailed discussion of the mechanism of this reaction is 
premature. The correctness of the gross scheme as initially 
outlined is supported by the success of the process and the reaction 
of propargyl alcohol 10. That ring closure of 1 (or 11) precedes 
addition of allyl alcohol is suggested by the total lack of reactivity 
of a stoichiometrically formed complex (i.e., 19) with allyl alco­
hol.10 Thus, the allenylidene and vinylidene complexes, while 
electrophilic, react quite selectively—the allenylidene requires the 
nucleophile to be internal whereas the vinylidene requires olefin 
coordination.5 The sequence illustrates the ability of ruthenium 

0 P v •>< 
Ph 3 P- R u = ' = - = ^ 

P h 3 / 19 

to make a propargyl alcohol function as an alternating charge 
system as in 20. Use of allyl alcohols bearing substituents other 
than methyl should allow variation of the side chain substituent.5 

The likely prospects for discovering other reactions involving these 
novel organometallic intermediates demands more extensive in­
vestigation of their chemistry. 

This novel construction of tetrahydrofuran and tetrahydropyrans 
by a tandem cyclization-reconstitutive addition creates four bonds 
and breaks two bonds in a single operation, thereby building 
molecular complexity" quite rapidly and with reasonable atom 
economy.12 
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The synthesis, structure, and chemistry of soluble precursor 
compounds leading to inorganic solid-state materials currently 
make up a very active research area.1"4 However, the mechanism 
of how discrete molecules transform into ultimate solid-state 
structures either in solution or in the solid state remains obscure. 
Recent reports on N^Te^PE^)^2" and Co6Teg(PEt3)6

2e clusters 
are concerned with probing the relationships between metal clusters 
and solid-state structures. The same relationships are being sought 
in a reverse approach by excising solids into cluster analogues.5 

On any account, clusters can be considered as intermediates be­
tween molecules and solids. From this standpoint, the structural 
resemblance between the intermediates and the ultimate inorganic 
solid should be discernible if such clusters can be intercepted. 
Here, we wish to describe a relevant, novel Ru2VTe2

2" cluster 
[Ru6(Te2)7(CO)12]

2" which, we hope, will provide further insight 
into this issue. 

Compound (Ph4P)2[Ru6(Te2)Y(CO)12] was prepared by heating 
Ru3(CO)i2 with Na2Te2 and Ph4PCl in H2O at 110 °C in a sealed 
Pyrex tube.6 The centrosymmetric cluster [Ru6(Te2)7(CO)12]

2", 
with an idealized S6 molecular symmetry, contains an octahedral 
array of six ruthenium atoms upheld by a central ditelluride Te2

2" 
(Figure IA). The tellurium atoms in this unit each bind to three 
ruthenium atoms, forming an Ru3Te-TeRu3 ethane-like fragment 
with a staggered conformation. Furthermore, the ruthenium atoms 
are bridged by six Te2

2" units on the periphery. In the bridging 
Te2

2" ligands, one Te atom bonds to a ruthenium atom while the 
other Te atom bridges two ruthenium atoms, acting on the whole 
as M3-type chelating ligands. Finally, the octahedral coordination 
geometry of each Ru atom is completed by two cis CO groups. 
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with methanol and diethyl ether afforded black needle-like single crystals of 
(Ph4P)2[Ru6(TeJ)7(CO)I2] (~70 mg) and some dark brown crystalline powder 
(~60 mg). Crystals suitable for X-ray single-crystal analysis were harvested 
by mechanical separation. Later, X-ray powder diffraction (XRD) and IR 
spectroscopic studies showed that the dark brown powder was identical to the 
black crystals (total yield of 71% based on Ru). The experimentally observed 
XRD patterns and those calculated from the single-crystal X-ray data are 
identical, (b) Crystal data for (Ph4P)JRu6(Te2MCO)I2J: triclinic P\;Z = 
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(B) 
Figure 1. (A) Structure of [Ru6(Te2)7(CO)12]

2" with the atom labeling 
scheme. Some representative bond distances (A) and bond angles (deg): 
Ru(I)-Te(I) = 2.747 (2), Ru(2)-Te(2) = 2.690 (3), Ru(3)-Te(l) = 
2.683 (3), Ru(l)-Te(7) = 2.733 (4), Ru(2)-Te(7) = 2.721 (2), Ru-
(3)-Te(7) = 2.734 (2), Te(l)-Te(2) = 2.763 (2), Te(7)-Te(7) = 2.717 
(2), Ru(l)-C(25) = 1.91 (2), Ru(l)-C(26) = 1.87 (2) A; Te(I)-Ru-
(1)-Te(7) = 98.65 (8), Te(l)-Ru(l)-Te(3) = 90.55 (6), Te(I)-Ru-
(1)-Te(6) = 80.40 (6), av C-Ru-C = 91.7 (7), Te(l)-Te(2)-Ru(2) = 
98.82 (8), Ru(l)-Te(7)-Ru(2) = 117.74 (7), Ru(l)-Te(7)-Ru(3) = 
118.08 (8)°. (B) Comparison between the [Ru6(Te2),]

2" core (left) and 
a small-core fragment of RuTe2 (right). 

The Te-Te and Ru-Te bond distances, with values from 2.717 
to 2.763 A and from 2.673 (2) to 2.747 (2) A, respectively, are 
in the normal range.7"10 

The structure of [Ru6(Te2MCO)12]
2" is peculiar in that its 

central [Ru6(Te2)7]
2~ core is reminiscent of an excised fragment 

of the RuTe2 pyrite-type lattice (Figure IB). The midpoint of 
the central Te unit is situated at the octahedral center with six 
Ru atoms as its neighbors. This is the Te2

2" environment found 
in pyrite.1' It is tempting to conjecture that if further aggregation 
takes place to form the pyrite structure, this cluster core could 
be acting as the nucleus for crystallite growth. The close resem­
blance of this cluster core to the corresponding pyrite solid-state 
lattice imposes an unprecedented bonding feature on the central 
ditelluride Te2

2" which has not been found in any molecular species 
containing either S2

2" or Se2
2" ligands. The only example which 

can be cited for comparison is [W6(Te2J4(CO)18]
2",12 where the 

tellurium atoms in the central Te2
2" each bind to three metal 

atoms. However, the six tungsten atoms are in a trigonal prismatic 
arrangement, forming the W3Te-TeW3 fragment in an eclipsed 
conformation. The M3-type bridging mode of the six peripheral 
Te2

2" units in [Ru6(Te2)J(CO)12]
2" is not known for polytellurides.13 
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With three independent ruthenium atoms of local C21, symmetry, 
[Ru6(Te2)7(CO),2]

2" is expected to give three sets of doublet IR 
absorptions for the CO groups. The IR spectrum (KBr pellet) 
showed an overlapped absorption pattern in the CO region, a broad 
peak centered at 1997 cm"1, and three superimposed peaks at 1966, 
1957, and 1948 cm"1, consistent with terminal CO vibrations. The 
UV/vis spectrum of [Ru6(Te2)7(CO)12]

2" in DMF solution features 
a rising band starting at ~420 nm and climbing toward the 
ultraviolet region. Two small shoulders are identifiable at 405 
and 343 nm. The 13C NMR spectrum in DMF gave two peaks 
at 198 and 200 ppm, indicating that two CO groups on each Ru 
atom are magnetically inequivalent with respect to the central 
Te2

2". DMF solutions of [Ru6(Te2MCO)12]
2" showed three 125Te 

signals, as expected, at -1606, -2978, and -3616 ppm.14 Although 
we cannot assign these peaks to the corresponding three types of 
Te atoms in [Ru6(Te2)7(CO)12]

2~, the wide range of the chemical 
shifts observed for this compound is consistent with other metal 
telluride compounds.15 

In conclusion, a novel Ru2+/Te2
2" cluster has been made by 

hydrothermal synthesis which cannot, thus far, be prepared in 
nonaqueous solutions at ambient temperatures.16 The structure 
of this compound is unique and bears remarkable resemblance 
to its solid-state homologue RuTe2. In this sense, [Ru6(Te2J7-
(CO)12]

2" can be regarded as an intercepted cluster on the way 
to RuTe2, which forms at higher temperatures. The successful 
synthesis of (Ph4P)2[Ru6(TeJ)7(CO)12] illustrates the applicability 
of the hydrothermal technique to the preparation of novel inorganic 
compounds involving organometallic molecules. The reaction 
reported here is unexpected in two ways: (a) traditionally, water 
is believed to be a poor solvent for metal carbonyls at ambient 
temperatures and thus undesirable for chemical reactions, and 
(b) in general Ph4P

+ salts of inorganic clusters are insoluble in 
water. Thus, with the altered solvent behavior of water at su­
perheated conditions and in the presence of alkali poly-
chalcogenides, the disadvantage of insufficient solubility of metal 
carbonyls and Ph4P

+ salts can be overcome. This may prove to 
be significant as it opens up a new dimension in synthetic or­
ganometallic research.17 
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