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Na = 1B (6)

Minimization of AQy with respect to ny at fixed n, gives the same
result. The HSAB principle! Under these conditions

AQ, = AQy )

If this equation were assumed, it would imply eq 6.

In the molecule AB, A and B are open systems (as first pointed
out by Richard Bader®). This means that the natural thermo-
dynamic quantity for an atom (or other subunit) in a molecule
is not the energy E but the grand potential Q; = E; — (N; - NP)u,.
In equilibrium at the final, equalized chemical potential u, the
grand potentials of both A and B prefer to be as negative as
possible. This implies in turn that AQ, and AQp in eq 5 prefer
to be as negative as possible, for these AQ’s are just the grand
potential changes. An elementary calculation on the charge-
transfer equilibration shows this; one finds u = (Saus + Spug)/(Sa
+ Sp) and

(g = Ka)? Ta
4 (na + np)?

and similarly with AQy, verifying eq 5.

The argument is that Q4 and Qj separately like to be as negative
as possible. This has the HSAB principle as a consequence, and
also the equity principle of eq 7. There is a dictum in economics
called the Pareto principle: Efficiency is highest when partners
are both well satisfied.!1® So it appears to be in chemistry, and
that is the HSAB principle.

]
Ay = ‘ESA(# - pa)? = - (8)
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The theoretical structures presented by the family of heavy-atom
group IVA [n]prismanes, [RM],,, where M = Si, Ge, Sn, and
Pb, R = H, and n = 2-6, respectively, all possess severe M—-M-R
and M-M-M bond-angle distortions due to the unique geometrical
constraints imposed upon the M—M-bonded networks in these
molecular frameworks.! To date, the only synthetic derivatives
of this important class of compounds are represented by one
{3]prismane [M = Ge, R = bis(trimethylsilyl)methyl]? and two
[4]prismanes (M = Si, R = tert-butyldimethylsilyl; M = Sn, R
= 2,6-diethylphenyl).>* Herein, we report the successful isolation
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Figure 1. Molecular structure of 1. Tin and carbon atoms are repre-
sented by large and small spheres, respectively, of arbitrarily chosen size.
Hydrogen atoms have been omitted for purposes of clarity. For a com-
plete listing of bond lengths and angles, see the supplementary material.

and characterization, including crystallographic analysis, of the
titled first heavy-atom [S]prismane derivative 1 (M = Sn, R =
2,6-diethylphenyl), which is prepared through a novel process.

Preparation and Characterization. Thermolysis of a 1:1 mixture
(w/w) of benzophenone and hexakis(2,6-diethylphenyl)cyclo-
tristannane (2)° at 200 °C for 20 min provides 1 and octakis-
(2,6-diethylphenyl)octastanna[4]prismane (3)* in a 2.3:1 ratio for
a combined yield of 12% along with small amounts of hexakis-
(2,6-diethylphenyl)distannane (4),5 hexakis(2,6-diethylphenyl)-
pentastanna[1.1.1]propellane (5)¢ (5%), recovered 2 (12%), and
other tin-containing compounds (Scheme I). In contrast, sub-
stitution of naphthalene for benzophenone provides, under identical
conditions, a large quantity of recovered 2 (51%), larger amounts
of 4 and 5 (27%), and only traces of 1 and 3 (<2-3%). Concerning
the role of benzophenone in providing higher yields of 1 and 3,
we have previously proposed* that perstanna[s]prismanes are
products generated by the thermal bimolecular disproportionation
of the highly reactive diorganostannylene 6, which is in thermal
equilibrium with 2,7 to produce the monovalent and trivalent tin
species, 7 and 8, respectively, followed by oligomerization of 7
according to Scheme I. In this mechanism, benzophenone, acting
as the solvent, might serve to stabilize the stannylene monomer
6 relative to 2 through Lewis acid—-base complexation,® thereby
leading to higher concentrations of 7, and hence to 1 and 3.

Orange microcrystalline 1 was isolated through chromatography
on silica gel using a 4:1 hexane/toluene solvent mixture as the
eluant, and chemical analysis and spectroscopic data are fully
consistent with the [RSn],, formulation.>!® Due to restricted
rotation about the tin—carbon bonds in 1, the 'H NMR spectrum
is temperature-dependent with a coalescence temperature, T,
being observed for this process at =30 °C. In contrast, the 7, value
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for aryl group rotation in 3 is <-80 °C. As revealed by !"*Sn
NMR spectroscopy, the single resonance observed for 1° is 66 ppm
upfield from that of 3, and this is opposite to the downfield 13C
chemical shift of [HC],, relative to [HC]g.!! In addition, the
expected 3J(11°Sn-11"Sn) coupling satellites!? are not observed for
either 1 or 3, and on the basis of the Karplus correlation between
dihedral angle and vicinal coupling constants, it is assumed that
the magnitudes of these tin-tin coupling constants are near 0 due
to the 90° dihedral angle in both molecular frameworks.!> Finally,
the electronic spectra of 1 and 3 in hexane are remarkably different
from each other, with no well-defined maxima being observed for
the former. %0

Concerning the relative stabilities of the two perstanna[n]-
prismanes, heating of solutions of pure 1 or 3 in toluene at 200
°C shows no interconversion between the two species, and while
both compounds are relatively stable at this temperature, 3 was
observed to decompose to a greater extent than 1, which remains
unchanged, as determined by 'H NMR spectroscopy. This in-
creased stability of 1 over 3 is in keeping with the prediction that
[HSn],, should be more stable than [HSn]g.!* Finally, a solution
of 1 in methylcyclohexane remained unchanged upon photolysis
at room temperature using a Hanovia high-pressure lamp.

Crystallographic Analysis.' As shown in Figure 1, the tin-
tin-bonded molecular framework of 1 is composed of two five-
membered rings which are held together by five inter-ring bonds.
The mean tin—tin bond length of 2.856 (2) A within the five-
membered rings is identical with the value found for the mean
inter-ring tin—tin bond length, and this value can be compared
with the mean tin—tin bond length in 3, which is 2.854 (2) A. The
average bond angles within the five-membered and four-membered
rings of 1 are 108.0 (1)° and 90.0 (1)°, respectively, and both
of these are exactly the values of the geometric ideals. For Sn—
Sn-C bond angles in 3, the average value is 125.1 (4)°, and in
1, the average value for this angle for tin atoms on adjacent
five-membered rings is 124.1 (4)° while it is 119.0 (4)° for tin
atoms within the same five-membered ring. Surprisingly, all three
of these mean bond angles are in very close agreement with those
calculated for [HM]z and [HM],, (M = C, Si), even in spite of
the steric interactions between adjacent 2,6-diethylphenyl ligands
in the perstanna[n]prismanes.!n!5

In conclusion, perstanna[n]prismanes, [RSn],,, where n = 4
and 5, have been shown to be isolable compounds when the steric
demands of the organic ligand are sufficient to kinetically stabilize
these structures. In the present study, the 2,6-diethylphenyl ligand
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appears to be the ideal choice for stabilization of 1 and 2; however,
by carefully modelling the steric requirements, other perstanna-
[#)prismanes, where n = 2, 3, or 6, should be accessible from the
appropriate stannylene precursors.
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A series of tricyclic tetrahydroimidazo[4,5,1-jk]benzo-
diazepin-2(1 H)-one (TIBO) and -thione derivatives have been
found to be highly effective inhibitors of the reverse transcriptase
(RTase) of HIV-1, the principal etiological agent of AIDS.! One
of the derivatives, coded R82913 (C,;4H4N,SCI; Figure 1), has
an IC4j of 1.5 nM for the growth inhibition of HIV-1/HIV-IIIb.
The extraordinary potency of this compound, together with its
relatively low cytotoxicity, gives it a selectivity index 3 times
greater than that of AZT (3’-azido-2’,3’-dideoxythymidine), at
present the only drug approved for the treatment of AIDS.2 It
would be of great interest to investigate the structure of these
compounds to gain insight on their unusual specificity toward
RTase. The crystal structures of a number of nucleoside deriv-
atives with anti-AIDS activity have been determined. These
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