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jugated rgp120 and was found to be comparable to rgpl20~GalCer
binding (see supplementary material). To demonstrate that the
observed interaction is specific, compound 2 and a series of related
derivatives (10-12, Table I) were tested for their inhibitory activity
against rgp120-GalCer binding using a high-performance thin-
layer chromatography (HPTLC) competition binding assay.>*
Rgp120 was preincubated with increasing concentrations of each
of the compounds shown in Table I, and the solutions were then
incubated with GalCer immobilized on HPTLC plates. Inhibition
of rgp120-GalCer binding by compounds 2 and 10-13 was
quantified by measuring a decrease in the level of bound rgpl20.
Table I shows the degree of inhibition by 1 mg/mL solutions of
the test compounds, as well as concentrations required for 50%
inhibition (ICs) for compounds that block rgp120—~GalCer binding
at micromolar concentrations.

Compound 2 (entry 1) has the highest affinity for rgp120 (ICs,
= 120 uM) and competes slightly better than the soluble O-linked
glycolipid psychosine hydrochloride (13, ICs5o = 160 uM, entry
5).12 Both psychosine and compound 2 exhibit almost complete
inhibition of rgpl20~GalCer binding (85-100%) at a concentration
of 1 mg/mL. A dramatic reduction in inhibitory activity is seen
when the length of the hydrocarbon tail is decreased. Compound
10 (entry 2), which contains a C, tail, inhibits rgp120-GalCer
binding by only 34% at a concentration of 3 mM (1 mg/mL),
whereas compounds 11 and 12 (entries 3 and 4) show no inhibitory
activity at all, even at concentrations above 3 mM.

The GalCer binding site on gp120 tolerates substitution of a
C-glycoside for the O-glycoside as well as substitution of an alkyl
amide for the allylic alcohol and hydrocarbon tail of sphingosine.
The slightly increased inhibitory activity of compound 2 relative
to psychosine (13) may arise from the hydrophobicity (poor
solvation) of the C-glycosyl linkage relative to the O-glycosyl
linkage.!? [Interestingly, the fatty acid group can be removed
altogether from the C-2’ position of GalCer (affording psychosine)
without a significant loss in gp120 binding activity, despite an
obvious reduction in the hydrophobicity of the molecule.* Com-
pound 2 also lacks the C-2’ fatty acid and still binds to gp120.
Shortening the hydrocarbon tail of compound 2 results in a drastic
reduction in inhibitory activity (compare entries 1 and 2), and
conversion of the butyl amide to the alcohol (entry 3) or methyl
ester (entry 4) completely eliminates binding activity. The rigid
amide linkage of compounds 2 and 10 (entries 1 and 2) is posi-
tioned similarly to the allylic alcohol of sphingosine and may be
a key structural element for gp120 recognition.

In summary, we have designed water-soluble, C-linked galac-
tosphingolipid analogs that block the interaction of recombinant
HIV-1 gp120 with GalCer. Given the growing body of evidence
suggesting a role for the gp120—~GalCer interaction in viral entry,
these compounds represent potential inhibitors of the first step
in the infection process. Furthermore, determination of the
structural elements required for gp120 recognition allows mod-
ification of these compounds for receptor-mediated immuno-
chemistry.'#!5 We are currently investigating these possibilities.

Acknowledgment. Recombinant gp120 and anti-gp120 anti-
bodies were gifts from Dr. Raymond Sweet at SmithKline
Beecham (King of Prussia, PA). M.D.B. thanks the American
Cancer Society, Proctor & Gamble, and Eli Lilly for Junior
Investigator Awards. C.R.B. thanks the ACS Division of Med-
icinal Chemistry for a graduate fellowship and AT&T Bell
Laboratories for a GRPW grant. This research was supported
by National Institutes of Health Awards R29 GM43037-02,
NS-27405, and NS-31067.

(12) The competition between glycolipids in solution and glycolipids on
HPTLC plates for rgpl20 binding is not necessarily an equilibrium process
under these conditions. Therefore, these values do not represent true solution
binding affinities and cannot be considered X values. However, the concen-
trations required to inhibit rgpl20 binding to immobilized GalCer provide a
qualitative measurement of the relative binding affinities for rgp120.

(13) Similar results have been observed in the binding of C-glycosyl
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Supplementary Material Available: Experimental details and
spectral and analytical data for compounds 2 and 512 and all
synthetic intermediates and experimental details and results for
ELISA and HPTLC binding assays (14 pages). Ordering in-
formation is given on any current masthead page.
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A veritable cornucopia of interesting structural chemistry is
provided by cadmium cyanide and its derivatives. The parent itself
consists of two completely independent but interpenetrating di-
amond-related frameworks,! while certain derivatives, as Iwamoto
has shown, possess single, non-interpenetrating diamond structures?
and others show a variety of 2D and 3D structures.> We report
here a remarkable single crystal to single crystal transformation
in which an infinite 3D [Cd(CN),], net undergoes extensive
topological change.

When recrystallized from aqueous tert-butyl alcohol, cadmium
cyanide yields Cd(CN),-2/;H,0+-BuOH with the infinite 3D
honeycomb-like [Cd(CN),], framework shown in Figure 1.
These crystals are stable in contact with 50% aqueous rert-butyl
alcohol or, while free of liquid, in an atmosphere saturated with
the vapors of water and ters-butyl alcohol, but they degenerate
on exposure to air as a result of solvent loss, rapidly becoming
white, opaque conglomerates of microparticles which retain the
outward “shape” of the original crystal. When an X-ray oscillation
photograph of a conglomerate was taken, a powder diffraction
pattern was obtained, the indexing of which indicated that the
conglomerate consisted of microcrystals of Cd(CN),. Crystals
which had degenerated in this way could not be “revived” by
addition of solvent. When crystals of the butanol solvate are
exposed to chloroform vapor, a “solvate exchange” process occurs
(verified by IR spectroscopy); CHCl, is incorporated and butanol
and water are lost (complete substitution within a day at room
temperature). This is achieved reproducibly by placing crystals
of Cd(CN),?/;H,0-t-BuOH together with a little mother liquor
on a porous tile inside a sealable chamber containing an atmo-
sphere saturated with chloroform vapor above a reservoir of liquid
chloroform, such that no liquid chloroform comes into contact
with the tile or the crystals. The crystals retain their transparency
and well-defined external form throughout the solvent exchange
process. The daughter crystals are stable in the chloroform va-
por-saturated atmosphere or in contact with liquid chloroform
but degenerate on exposure to the atmosphere in just the same
way as the parent crystals, giving conglomerates of Cd(CN),
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Figure 1. Perspective view down the a axis of the framework structure
of Cd(CN)?/,H,0:t-BuOH showing only the Cd centers. The ortho-
rhombic unit cell is indicated. Cd’s which appear square planar are in
fact octahedral with two trans-coordinated H,Os, omitted here for clarity.
The hexagonal channels are occupied by disordered ¢-BuOH. Shaded
atoms highlight one otto slab (see text) with diamond-like connectivity.

microcrystals; the degenerated crystals could not be “revived” by
addition of chloroform. X-ray structural analysis of a thus-formed
chloroform-solvated crystal sealed with liquid CHCI, in a Lin-
demann glass tube revealed that not only had the single-crystal
character been retained but, to our astonishment, the [Cd(CN),],
framework had undergone large-scale reorganization to generate
a single diamond-like framework with chloroform in the interstices;
an orthorhombic crystal had become a cubic crystal. The X-ray
study* revealed a face-centered cubic unit cell with @ = 12.638
3) K and a structure isomorphous to that reported by Iwamoto
for Cd(CN),»CCl, with a = 12.668 (2) A2 (recently revised to
12.714 (1) /i‘z"). Examination by polarized light microscopy
indicated that the CHCl;-solvated crystals were isotropic,’ which
is consistent with the cubic nature of the crystals.

The chloroform-solvated crystals are very similar in external
appearance to the individual terz-butyl alcohol crystals from which
they are formed. Indexing of faces reveals that one of the cubic
axes of the product coincides with the ¢ axis of the orthorhombic
starting crystal and the other two cubic axes are at 45° to the
a and b orthorhombic axes.

We note that slabs of the honeycomb structure, one of which
is indicated by the shaded atoms in Figure 1, have an identical
[Cd(CN),], topology and a geometry almost identical to those
of slabs of the diamond framework in the chloroform-solvated
crystal. Moreover, the axes of the cubic diamond-like framework
to which these slabs of honeycomb belong are oriented relative
to the orthorhombic axes of the honeycomb in precisely the manner
observed experimentally for the honeycomb to diamond trans-
formation, viz., one cubic axis, which we shall call ¢, coincident
with the ¢ orthorhombic axis and the other two at 45° to the a
and b orthorhombic axes. We suspect these relationships are no
coincidence and that they afford considerable insight into the
nature of the transformation.

(4) Crystal data: Cd(CN),»CHCI,, M = 283.8; cubic, space group Fd3m;,
a=12638(3) A; U=12019(1) A% Z =8; D, = 1.868 g cm™%; 1 (Mo Ka)
= 28.25 cm™}; F(000) = 1056. Integrated intensity data were collected with
an Enraf-Nonius CAD-4F diffractometer equipped with Mo Ka radiation
(graphite crystal monochromator) employing the w/28 scan method. The
structure was solved by a combination of Patterson and difference Fourier
syntheses. Full-matrix least-squares refinements were employed. Weak
diffraction data together with highly disordered chloroform molecules within
the large adamantane-like cavities limited the precision of the structure. At
convergence, R = 0.137 for 65 unique reflections [/  34(/)]. A typical width
of a reflection peak as determined by the Enraf-Nonius CAD-4F peak profile
analysis method (w-scan) is significantly greater for the CHCI, solvate (~
0.4°) than for Cd(CN)»?/;H,0-BuOH (~0.2°). This indicates a higher
degree of mosaicity for the chloroform-solvated crystal.

(5) Following a referee’s suggestion, for which we are very grateful, we
have observed the transformation by polarized light microscopy, which reveals
that the reaction starts at the surfaces of the crystal and progresses inward
at a roughly equal rate so that at intermediate stages an inner unchanged
region can be seen with an outline very similar in shape to the outline of the
crystal.
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Figure 2. (a) Two “extended” cells of Cd(CN),?/;H,0-t-BuOH, each
with the same ¢ dimension as the true orthorhombic unit cell (compare
Figure 1) but with twice the volume. The axes indicated refer to the
orthorhombic unit cell. Sheets of shaded atoms do not require sliding
to adopt positions appropriate to the diamond framework shown in b. (b)
Three cubic unit cells of the diamond-like chloroform solvate (Cd centers
only). The positions of shaded atoms here are to be compared with those
in a.

All of the Cd’s in both the honeycomb and the diamond
frameworks fall into sheets parallel to ab, hereafter referred to
as “ab sheets”. In the diamond structure, these sheets consist of
a simple square grid of Cd’s (Cd-Cd, 8.96 A); in the honeycomb
the arrangement is distorted from square to rectangular (Cd---Cd,
8.69 and 8.55 A) and is the same for sheets of octahedral Cd’s
(o sheets) as for sheets of tetrahedral Cd’s (t sheets).

In the honeycomb the sequence of ab sheets is ...ottottottotto...
with six sheets per repeat unit of 21.09 A along ¢ as can be seen
in Figure 1, which also reveals that the diamond-like slabs involve
four adjacent sheets of the type otto.

Consideration of models reveals that it is possible to convert
the honeycomb disposition of Cd’s (temporarily setting aside the
cyanides) into the diamond disposition merely by sliding the sheets
underlined in the sequence ...[otto]tt[otto]tt [otto]tt[otto]... rela-
tive to the rest, along half a diagonal of a Cd, ab rectangle. The
patterns of underlined and nonunderlined groups are identical,
and indeed the groups are equivalent. Relative movements within
either the underlined set or the nonunderlined set are not required,
so that the original diamond-like connectivities present in all of
the [otto] groups need not be disrupted, and they are bracketed
above for this reason. Within each of these [otto] groups there
are three sheets of cyanides whose connectivities to Cd’s are
conserved, but between [otto] groups in regions such as ...
[otto] (CN),t(CN),t(CN),[otto]... there are three sheets of
cyanides where Cd—cyanide bond breaking and making must
accompany the shearing. Models suggest that in these regions
no more than two of the four links to any Cd need be broken.

Figure 2 presents a “before and after” view of this hypothetical
process in terms of the Cd dispositions within a chosen 3D region
in which we have arbitrarily “fixed” one group of sheets (shaded),
so that the unshaded ones are the sheets that move. Two of the
enlarged honeycomb cells shown in Figure 2a aligned along ¢, each
containing six ab sheets and twelve Cd’s, are thereby transformed
into three cubic diamond cells shown in Figure 2b, each containing
four ab sheets and eight Cd’s. This hypothetical shearing process
accounts in an appealing way for the transformation and for the
observed relationships between axes; devising experimental pro-
cedures to probe the mechanism, however, presents a challenge.

Although this transformation shows similarities to a number
of solid-state reactions, some of long-standing interest,® we are
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aware of no parallel to the following combination of features and
circumstances associated with it, viz., it is an example of a single
crystal to single crystal transformation (characterized by X-ray
crystallography), occurring with retention of external morphology
and internal crystallographic orientation, involving a topological
rearrangement of a 3D molecular [Cd(CN),],, host network, driven
by the vapor-phase exchange of the solvent guest under very mild
conditions.’

Preliminary results suggest that Cd(CN),-2/;H,0+t-BuOH may
undergo other topological rearrangements which we are presently
exploring.
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The direct competition between substitution (Sy2) and elim-
ination (E2) pathways for reactions of anionic nucleophiles with
alkyl substrates is a fundamental problem. The factors that
influence this competition in solution have been studied exten-
sively;! the results depend strongly on the nucleophile, the
substrate, and also on the solvent. In the gas phase, quantitative
determination of the relative contribution of competing Sy2 and
E2 pathways is very difficult. Both mechanisms give rise to the
same product ion, and only ionic species are observed using tra-
ditional techniques (Scheme I).

We report here a method which allows us to measure directly
the competition between substitution and elimination in the gas

(1) Lowry, T. H.; Richardson, K. S. Mechanism and Theory in Organic
Chemistry, 3rd ed.; Harper and Row: New York, 1987.

(2) Gould, E. S. Mechanism and Structure in Organic Chemistry;, Holt-
Dryden: New York, 1959.

(3) Saunders, W. H. J.; Cockerill, A. F. Mechanisms of Elimination
Reactions; Wiley-Interscience: New York, 1973.
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phase at the same reaction site using only product ion detection.
For reaction of cyanide ion, CN-, with 2-chloropropionitrile,
CH,CHCI(CN), we can distinguish between the two reaction
channels which normally give the same product ion, because the
ion—molecule complex formed just after the Sy2 step, {CH,CH-
(CN),:CI'], undergoes subsequent proton transfer before disso-
ciating (Scheme II). We find that the major product of the
reaction is CI”, and since we know from previous studies that
proton transfer should dominate the products of the Sy\2 reaction,
most of the overall process must proceed by elimination.

A number of interesting and elegant methods have been used
in an attempt to measure the Sy2/E2 competition in the gas phase.
Lieder* and Jones and Ellison® used neutral product detection.
Lum and Grabowski,® as well as Haib and Stahl,” used substrates
with multiple reaction sites in order to distinguish between sub-
stitution at methyl and elimination at ethyl. The most extensive
studies to date have come from the work of DePuy, Bierbaum,
and co-workers® ! with a variety of techniques, including the use
of cyclic substrates®® in which addition of the anion can be seen,
relative rate measurements'®!! in which rates of methyl compounds
are compared with larger alkyl substrates, and deuterium kinetic
isotope effect studies, in which the elimination reaction is
slowed.!213 Many of these methods do not measure directly the
competition at a single reaction center, but rather a competition
between Sy2 at methyl versus E2 at ethyl. It is clear from the
limited and somewhat conflicting available data that the factors
influencing the Sy2/E2 competition in the gas phase are not
completely understood. Results suggest, however, that the nature
of the nucleophile is extremely important.'*
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