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previously shown experimentally to have a major role in the
specificity of association with other heme proteins, indicating that
cytochrome b; interacts with the electrode in an orientation similar
to4its association with other redox proteins, such as cytochrome
c.

In conclusion, although individual surface charges on a redox
protein appear to have a relatively minor role in the determination
of the reduction potential, it is apparent that the summed dis-
tribution pattern of surface charges can make a significant con-
tribution. The excellent quantitative agreement between exper-
imentally determined potential surfaces and the results of a sim-
plified continuum dielectric model suggests that a protein interior
can be approximated by a macroscopic dielectric constant in many
instances. Our derived value for this parameter of between 2 and
4 is consistent with earlier estimates from fluorescence energy
transfer!® and the high-frequency dielectric of organic liquids!'
and lo»}/:r than that estimated for the hydrated pocket of myo-
globin.
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In view of the current interest in both the bonding and reactivity
of complexes that contain metal-ligand multiple bonds,!? we are
presently investigating synthetic methods for such complexes in
which the ligands are derived from the heavier members of the
main group elements. Furthermore, because of the increased
tendency of the heavier elements to bridge two or more metal
centers,> the synthesis of complexes that contain terminal
metal-ligand multiple bonds is even more challenging. Here we
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Figure 1. ORTEP drawing of trans-W{(PMe,),(Te),. Selected bond
lengths (A) and angles (deg): W-Te = 2.596 (1), W-P = 2,508 (2);
Te-W-Te¢' = 180.0, Te-W-P = 82.1 (1), Te/-W-P = 97.9 (1), P-W-P*
= 9].1 (1), 164.2 (1) (an asterisk indicates other phosphorus atoms).

report the synthesis and chracterization of trans-W(PMe;),(Te),,
a complex which, to our knowledge, contains the first terminal
transition metal-tellurium double bond.

We have recently reported that the bis(sulfido) complex
trans-W(PMe;)4(S), may be readily obtained by the reaction of
W(PMe;),(n*-CH,PMe,)H with H,S, accompanied by elimination
of dihydrogen.® Although the corresponding reaction with H,Te
may provide a route to the analogous (bis)tellurido complex
trans-W(PMe;),(Te),, the instability of H,Te’ limits the con-
venience of such a method. However, we have found that the
reaction between W(PMe;),(n>-CH,PMe,)H and elemental
tellurium provides a straightforward synthesis of trans-W-
(PMe;),(Te),. Thus, a solution of W(PMe;),(n2-CH,PMe,)H
in pentane reacts smoothly with elemental tellurium at room
temperature to give red-brown trans-W(PMe;),(Te), in good yield
(eq 1).2 The molecular structure of trans-W,PMe,),(Te), has

PMe; Te
Meap“""-ﬂ, m.w-PMe2 Te Me3P~,_w_m H w‘wﬁ,‘PMeg "
H—WZ —_— W
- PMe,
Meap/ ‘ NEh, 3 MegP ‘ pue,
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been determined by X-ray diffraction, as shown in Figure 1.° Of
particular significance, the W=Te bond length [2.596 (1) A] is
noticeably shorter than those observed for a variety of other
complexes that contain W-Te single bonds, typically in the range
2.68-2.88 A.1° Furthermore, electronic considerations of the
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H, 4.6. NMR data for trans-W(PMe;),(Te), (in C¢Dg): 'H 4 1.91, virtual
triplet, “Jp.y” = 2.8 Hz; BC{'H} 4 33.6, multiplet, “Jo_c” = 15 Hz; *'P{'H}
(relative to H;PO,) 8 =51.2, s, Wy.p = 238 Hz (1¥W, [ = 1/,, 14.27%), 2 p.1e
=17 Hz ({¥Te, I = 1/,, 6.99%); 12°Te{'Hj (relative to Me,Te) & 958, quintet,
2Jpete = 17 Hz, Vpew = 190 Hz ('8W, ] = 1/,,14.27%). Note: the values
of the coupling constants “Jp_y” and “Jp_¢” of the second-order multiplets of
the PMe; ligands refer to the separation between the lines and do not nec-
essarily reflect the true coupling constants.

(9) Crystal data for trans-W(PMe;)(Te),: tetragonal, /42m (No. 121),
a=b=9717(1)A, c=12360(2) A, V=1167.1(3) A’. Z =2, peareg =
2.12 g em™?, u(Mo Ka) = 80.3 cm™!, A\(Mo Ka) = 0.71073 A (graphite
monochromator); 539 unique reflections with 3° < 26 < 60° were collected
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18-electron nature of the tungsten center restrict the terminal
tungsten—tellurium bond order in trans-W(PMe;)4(Te), to two,
with no significant lone-pair donation to tungsten (i.e. W=Te
versus W-=Te*). In this regard, the complexes [(n*-CsMes)-
Mn(CO),](ry-Te)!! and [(#°-CsHs)Mn(CO),];(u;-Te),'? con-
taining manganese-tellurium double bonds, have also been
structurally characterized, but in these examples the tellurido
ligands bridge two and three metal centers, respectively.

The combination of '2*Tef'H} and 3'P{'"H} NMR spectroscopies
provides further characterization of trans-W(PMe;),(Te),.
Specifically, the 12°Te{'H} resonance observed at 5 958 ppm exhibits
coupling to both tungsten (!Jpw = 190 Hz; '¥W, [ = 1/,
14.27%) and the four phosphorus nuclei of the PMe; ligands (3/qp
= 17 Hz). Furthermore, the 3'P{!H} NMR resonance at § =51.2
also exhibits coupling to both tungsten (!Jp_y = 238 Hz; 183W,
I=1/,14.27%) and tellurium (*Jp_r, = 17 Hz; '¥Te, I = 1/,,
6.99%). Significantly, the ratio of the intensities of the tungsten
to tellurium satellites [1.0 (1):1] compares favorably with that
predicted for a molecule of composition W(PMe;)(Te), [1.02:1],8
and thus provides further evidence for the presence of two tellurido
ligands.

Our studies suggest that the mechanism for the formation of
trans-W(PMe;)4(Te), involves tellurium atom transfer via
Me;PTe, in which PMe; acts as a solid-solution phase transfer
catalyst. Evidence that Me;PTe is a catalytically active species
in the formation of trans-W(PMe;),(Te), is provided by the
observation that the reaction is instantaneous when Me;PTe,
generated in situ, is used as the reagent.'* Further support for
this suggestion is provided by the reports that (i) tertiary phos-
phines react with elemental tellurium to give phosphine tellurides
R;PTe!’ and (ii) R;PTe act as tellurium atom transfer reagents
for the synthesis of other tellurium complexes.!® Moreover, in
some cases stable adducts of phosphine tellurides with transition
metals have also been isolated, e.g. W(CO)s(TePBu;).1”

In summary, trans-W(PMe,),(Te),, the first example of a
complex that contains a terminal transition metal-tellurium double
bond, has been synthesized by the reaction of W(PMes),(n*
CH,PMe,;)H with tellurium and characterized by X-ray dif-
fraction and NMR techniques.
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We recently introduced a synthetic molecule capable of self-
replication and presented evidence of its autocatalytic nature.!
While sigmoidal growth of the reaction product is the expected
outcome of such systems,? evidence for this phenomena has been
elusive and was only recently detected in nucleic acid chemistry.?
Here we show that such behavior can also be observed with
synthetic replicators.

Adenine-imide conjugate 1 (Scheme I), possesses self-com-
plementarity, the key feature of replicating molecules that act as
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templates for their reproduction.>* Compound 1 was prepared
by acylation of the 5-aminoadenosine derivative 2° with the bi-
phenyl ester 3 in CHCI;. Ester 3 was prepared as shown in
Scheme; gl from imide acid chloride 46 and the biphenyl carboxylic
acid 8.7
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