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Adamantane (tricyclo[3.3.134]decane) is a highly sym-
metric, thermodynamically stable cage compound with the same
structure as a diamond lattice. The unusual structure of

adamantane imparts many useful chemical and physical proper-

ties, such as high thermal and oxidative stability, extreme
lipophilicity, low surface energy, and high densktyAdamanty!
groups have been incorporated into both the main and side
chains of polymers in an effort to take advantage of the desirable
properties resulting from the adamantane structurhese
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the thimble and7 was concentrated into the solution phase.
Compound4 was then crystallized by the slow evaporation of
deuterated chloroform from a concentrated solution.
Adamantyl groups are extremely bulky, and therefore it is
not surprising that the reaction betwekand adamantanamine
gives only a small percentage of the fully substituted product
(4). The fact that the tetramer reaction yields only the fully
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polymers tend to demonstrate improved thermal resistance and

oxidative stability, raised melting point and glass transition

temperature, high dimensional stability, and improved solvent
or hydrolysis stability. One of our long-range objectives is the

synthesis of high molecular weight polyphosphazenes with
adamantyl side groups, an objective that requires the prior
exploration of synthesis approaches via small-molecule, model
compound studies.

Hexachlorocyclotriphosphazeng) (and octachlorocyclotet-
raphosphazen@) undergo a ring-opening polymerization when
heated at 250C to form poly(dichlorophosphazene&)£ The
chlorine atoms of speciels-3 can be replaced by organic side
groups via nucleophilic substitution reactichsThe reactions
and structures of cyclic phosphazenes, such@=, are useful
models to develop similar chemistry at the high polymeric level.
We report here the first synthesis of adamantanamino-containing
phosphazenes. Work is currently in progress on other related

adamantyl substituted phosphazenes, namely adamantanyloxy-

and adamantylmethoxy-substituted species.
Hexakis(adamantanamino)cyclotriphosphazef)e dctakis-
(adamantanamino)cyclotetraphosphazéneand poly[bis(ada-
mantanamino-co-trifluoroethoxy)phosphazen@) flave been
synthesized. Compoundsand5 were prepared by reaction
of 1 or 2 with 2 mol of adamantanamine per chlorine in refluxing
toluene. Triethylamine was present as a hydrochloride acceptor.
The reaction of adamantanamine with the cyclic tetrar@gr (
yields a single, fully substituted produd)( In contrast, the
reaction of adamantanamine with the cyclic trim&y esults
in a mixture of two products: the tetra-substituted prodgety
tetrakis(adamantanamino)dichlorocyclotriphosphazénefd
the fully substituted product. Compound4 was isolated in
approximately 5% yield. Compoundssand? were separated
by Soxhlet extraction with acetone. Compouhtemained in
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substituted produc] is more surprising. The cyclic tetrameric
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phosphazene ring has a slightly higher degree of flexibility than
the cyclic trimer. This increases the probability that the
adamantanamine nucleophile can approach the remaint@j P
units in a favorable manner, and thus, allow the reaction to
proceed to the fully substituted product.

The molecular structure determined fbis shown in Figure
1 with selected bond lengths and angles listed in the caption.
Two adamantanamino groups are bonded to each phosphorus
and one molecule of deuterated chloroform is included in the
unit cell (not shown). The phosphazene ringdinis slightly
puckered £? = 900 for the weighted least-squares plane through
the phosphazene ring). This puckering probably arises from
steric interactions between the large adamantyl groups. Work
toward solving the X-ray crystal structure 5fis in progress.

By monitoring of the reaction of adamantanamine wiithy
3P NMR spectroscop§,a geminal pattern for the addition of

(5) Crystal data fo# at 296 K: formula GgHeeNoPsCDCls, triclinic, space

iroup: P1 (No.2) witha=12.720(3) Ab = 13.10(2) Ac = 19.04(2)

, o= 77.3(1F, B = 87.47(5}, y = 82.48(5}, V = 3067(5) &, and

Z = 2, 6230 data withl > 3¢l, measured on an Enraf-Nonius
diffractometer equipped with graphite-monochromated MorKdia-
tion. The structure was solved by direct methods and refined by full-
matrix least-squares calculationsRo= 0.087,R,, = 0.088.
High-field 31P (146 MHz) NMR spectra were run on a Brucker WM360
spectrometeP NMR spectra were proton decoupled and referenced
to external 85% HPO, with positive shifts recorded downfield of
reference.
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Figure 1. Crystal structure of. Selected bond lengths (A) and angles
(deg): P(1)N(1) = 1.576(6), N(1)-P(2) = 1.613(5), P(2)N(2) =
1.567(6), N(2)-P(3) = 1.602(6), P(3)-N(3) = 1.604(5), N(3-P(1)

= 1.568(6), P(1)}N(4) = 1.666(6), P(1)}N(5) = 1.657(5), P(2yN(6)

= 1.668(6), P(2)-N(7) = 1.622(6), P(3}N(8) = 1.625(6), P(3}N(9)

= 1.652(5); P(1)N(1)—P(2)= 124.9(4), P(2XN(2)—P(3)= 122.6(3),
P(3)-N(3)—P(1) = 123.4(4), N(1)P(2)-N(2) = 115.8(3), N(2)-
P(3)-N(3) = 116.7(3), N(3)-P(1)-N(1) = 115.2(3).

this bulky amine was detected.
reaction, a doublet at18.2 ppm and a triplet at1.1 ppm

Notes

Scheme 1

1) NEt,

2) NaOCH,CF,
(excess)

nongeminal reaction, which is a function of the size of the
amine. In the case of adamantanamine, the amine is sufficiently
bulky that the nongeminal (associative) pathway may be
effectively blocked, and so the reaction appears to proceed in a
strictly geminal (®1) manner.

Adamantanamine also reacts readily with poly(dichlorophos-
phazene) ) to give a partially substituted polymer. The

In the early stages of the reaction of 3 with excess adamantanamine in THF with

triethylamine results in roughly 50% replacement of the chlorine

appear in thé’P NMR spectrum. These peaks and splitting atoms, as estimated B{® NMR spectroscopy. In phosphazenes
pattern correspond t@enibis(adamantanamino)tetrachloro-  a large percentage of unsubstituted phosphechéorine bonds
phosphazenes]. The disubstituted phosphorus gives rise to leads to hydrolytic instability unless the remaining chlorine
the triplet, while the doublet was assigned to the two unsub- atoms are replaced by a second nucleophile. Fully substituted,

stituted phosphorus atoms. With time a double#-&8t4 ppm

stable, mixed-substituent polymers can be formed by the

and a triplet at-19.3 ppm began to grow in as the other doublet subsequent reaction of the partially substituted polymer with

and triplet decreased in intensity. The doublett&.4 ppm
was assigned to the two disubstituted phosphorus atoris of

excess sodium trifluorethoxide, as shown in Schemg 1.
Polymers with 1:4 and 1:1 ratios of adamantanamino to

while the triplet at+19.3 ppm arises from the unsubstituted trifluoroethoxy side groups have been synthesized. These

phosphorug.

polymers are film-forming materials. The full characterization

Aminolysis reactions witll have been shown to be kinetically  and examination of the physical properties of these polymers,
controlled® Geminal and non-geminal reactions take place especially as membranes, is underway.
concurrently and competitively via separate reaction mecha-
nisms. The mechanism for the nongeminal substitution is
associative (), while the geminal reaction appears to involve
a rate-determining ionization step prior to attack by the  Supporting Information Available: Text giving experimental
nucleophile ()1). It has been concluded that the ratio of rates details of the structure determination and tables of crystallographic data,
of the two reaction pathways depends on the rate of the positional and displacement parameters, bond distances and angles and
least squares planes are available (39 pages). See any current masthead
page for ordering information and Internet access instructions.
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