aminooctane and 2-aminodecane (6-12%7 net retention
at 0.76 M) represent the latter case, which is probably an
extreme for this type of system.

The traditional mechanistic concepts of nitrous acid
deamination?~% are thus incomplete. The reaction
stereochemistry is concentration dependent for a given
amine and chain length dependent for homologous
amines at certain given concentrations. We suggest
that alkylammonium ion micelles are responsible for
these effects. We are exploring these and related phe-
nowena.
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Phosphonitrilic Radical Anions
Sir:

We wish to report the preparation of the first cyclo-
phosphazene (phosphonitrilic) radical anions, together
with their electron spin resonance spectra. The infor-
mation derived from a study of these species is appli-
cable to the controversial question of bonding in phos-
phorus-nitrogen systems. 1—1!

Radical anions of organic aromatic species are well
known, and those of inorganic heterocyclic compounds
such as borazines have also been reported.!? Unsuc-
cessful previous attempts have been made to prepare
cyclophosphazene radical anions by treatment of
[NP(CsH;).]; with an alkali metal,!? but decomposition
products, such as biphenyl, were the only reaction prod-
ucts detected. We have prepared the radical anions of a
number of phosphazenes by electrolytic techniques with
the use of dimethylformamide solvent and f-butylam-
monium halides or perchlorate as the supporting elec-
trolyte. The formation of one-electron reduced species
was followed by polarography, coulometry, and cyclic
voltammetry. Reductions were also performed within
the cavity of an esr spectrometer at potentials near the
E.,, values.
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(3) D. P. Craig, M. L. Heffernan, R. Mason, and N, L. Paddock,
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(12) D. F. Shriver, D. E. Smith, and P. Smith, J. 4mer. Chem. Soc.,
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Certain phosphazenes could not be reduced at poten-
tials more positive than —3 V (relative to a saturated
calomel electrode). These included [NP(OC¢H;).]s,
[NP(OC¢H;).]l,, [NP(INHC¢H;).l;, [NP(OCH,CF;).ls,
[NP(OCH,CF;),):, [NP(OCH,CF;)],, [NP(OCH;).ls,
and [NP(O.C¢H.-0)]; (where n = 15,000). No esr
spectra were detected during attempted reduction of
these species. The halophosphazenes (NPF,);, (NP-
Cly);, (NPCly)s, and (NPBry); showed spurious polaro-
graphic behavior, part of which was attributed to ligand
ionization at low negative potentials.

However, the following compounds!4 showed well-
defined one-electron polarographic reduction peaks:
hexaphenylcyclotriphosphazene, [NP(C¢H;).]s, I; octa-
phenylcyclotetraphosphazene, [NP(CsHs),)s, II; hexa-
(p-nitrophenoxy)cyclotriphosphazene, [NP(OC:H,-
NOy)qs, III; tris(2,3-dioxynaphthyl)cyclotriphos-
phazene, [NP(2,3-O,CoHs)]s, 1V; tris(1,8-dioxynaph-
thyl)cyclotriphosphazene, [NP(1,8-0,C;sHg)ls, V; tris-
(2,2’-dioxybiphenyl)cyclotriphosphazene, [NP(2,2’-
0,C;;He)ls, VI; and tris-1,3,5-triphenyltris-1,3,5-tri-
fluoroethoxycyclotriphosphazene, [NP(C:H;)(OCH,-
CF3));, VII. E./, values (relative to sce) are as follows:
I, —2.65; II, —2.67; III, —1.24; 1V, —1.83 dec; V,
—2.15; VI, —2.33; VII (trans), —2.45 V. Cyclic volt-
ammetric experiments indicated that the radicals derived
from I, II, and VII had a shorter lifetime (< 1 sec) than
those from III and IV (>10 sec). However, polaro-
graphic and prolonged, low-frequency cyclic voltam-
metric experiments suggested that, with the exception of
IV, irreversible decomposition of the radical is not the
primary deactivation process.

The esr spectra of the radical anions from the two
phenylphosphazenes I and II consisted of an unresolv-
able singlet at g = 2 with a 20-30-G band width. A
series of careful experiments designed to vary the sol-
vent, temperature, concentration, and polarographic
technique failed to produce hyperfine splitting in this
spectrum. On the other hand, hyperfine splitting was
readily observed in the spectra derived from III (13-15
lines), IV (5 lines), and V (15-20 lines). It is considered
unlikely that these spectra result solely from secondary
decomposition products. Thus, termination of reduc-
tion during esr experiments was followed by a simple
decay of each spectrum with no secondary spectra being
evident. Also, in the case of the phenyl derivatives I
and II, the esr spectrum of biphenyl (the most likely de-
composition product) was not seen, although it was
readily visible when small amounts of biphenyl were
added. No esr signals have yet been detected from the
radical anions of VI and VII, presumably because of
their short lifetime.

These observations can be interpreted as follows.
Reduction of a phosphazene to the radical anion ap-
parently does not occur unless the side group itself is
independently reducible in the same potential range or
unless an aryl group is bonded directly to phosphorus.
For example, p-nitroanisole or substituted naphthalenes

(14) Compounds I and II were prepared by the method of D. L.
Herring and C. M. Douglas, Inorg. Chem., 4, 1012 (1965); derivatives
111 and V were synthesized from (NPCl:)s and the appropriate phenol or
diol (H. R. Allcock and E, J, Walsh, unpublished work); compounds
IV and VI were prepared as described previously (H. R. Allcock and
R. L. Kugel, Inorg. Chem., 5, 1016 (1966)); the cis or trans isomers of
VII were formed by reaction of sodium trifluoroethoxide with the ap-
propriate [NPCI(CsHs)]s precursor, itself synthesized by the method of
B. Grushkin, M, G, Sanchez, and R. G. Rice, ibid., 3, 623 (1964).
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and biphenyls can be reduced in the 0 to —3 V range,
but trifluoroethoxy, phenoxy, o-dioxyphenyl, and
methoxy units cannot. Benzene cannot be reduced in
the 0 to —3 V range but, when a phenyl group is bonded
directly to phosphorus in I or II, the reduction poten-
tial is lowered until it is comparable to that of free naph-
thalene. This result is consistent with observations re-
ported by Santhanam and Bard for triphenylphosphine
and triphenylphosphine oxide reductions.!* Thus, it
appears that the reducibility of the phenylcyclophos-
phazenes I and II results from delocalization effects in-
volving the phenyl groups and the skeleton.

This interpretation is confirmed by the esr data. The
spectra derived from III, IV, and V can be rationalized
in terms of hyperfine splittings within each discrete side
group unit only. For example, the spectra are similar
to those of p-nitroanisole, or the appropriate disub-
stituted naphthalenes. Presumably the oxygen atoms
effectively insulate the reduced organic aromatic com-
ponent from the phosphazene ring. This is further
confirmed by the nonreducibility of [NP(OC¢H;).]; and
[NP(OC¢Hjs),], below —3 V.

However, the esr singlet obtained from I and II
must indicate delocalization of the unpaired electron
either within a CsH;—P-C¢H; unit or into the phos-
phazene skeleton as a whole. Interaction within a
C¢H;~P-C:H; segment could give rise to as many as 150
lines (648 lines if the phenyl groups are nonequivalent),
and this is probably beyond the resolution limit for this
system. Delocalization involving the whole skeleton?—*
is also possible, but the failure of the skeleton to reduce
when aliphatic substituents are present, coupled with the
almost identical results obtained from [NP(C¢Hj;).]s and
[NP(CsH:).]s, and the inability of long-chain species such
as [NP(OCsHj;),], and [NP(OCH,CF;).], to stabilize an
unpaired electron, force us to the view that extensive
skeletal delocalization does not occur under these con-
ditions. It appears more likely that in phenylphospha-
zenes an unpaired electron can be delocalized within a
CsH;—P-C¢H; unit or, at the most, into a very short ad-
jacent skeletal segment. -

A more detailed discussion of these results and of
additional work now in progress will be given in a sub-
sequent publication.
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Steric Effects in ortho-Substituted Triarylmethanes
Sir:

Triarylmethane derivatives in which all ortho posi-
tions have bulky substituents reflect!—? in their chemical

(1) I. C. Martin, J. Chem. Educ., 38, 286 (1961); J, C. Martin and
R. G. Smith, J. Am. Chem. Soc., 86, 2252 (1964); M, J, Sabacky, C. S.
Johnson, Jr,, R. G, Smith, H. S. Gutowsky, and J. C. Martin, ibid., 89,
2054 (1967).

(2) F. A, Carey and H. S. Tremper, ibid., 90, 2578 (1968).

(3) N. Kessler, A. Moosmayer, and A. Rieker, Tetrahedron, 25, 287
(1969).

and physical properties the effects of the large non-
bonded interactions between ortho substituents. Com-
pound 1 (Figure 1), mp 156-157°, was prepared from
dimesitylcarbinol and 1,3,5-trimethoxybenzene by treat-
ment with sulfuric acid in acetic acid. It shows un-
precedentedly large interactiops of this sort (a) in nmr
evidence for hindered rotation, (b) in Juc.g for the
methane proton, and (c) in a structure determined by
X-ray crystallography.

Below —30° compound 1 shows three peaks (with
areas 3:6:3, separated by about 12 Hz at 60 MHz)
for four nonequivalent o-methyls and two peaks (of
area 3 and separated by 20 Hz) for two o-methoxyls.
The methyl peaks coalesce to a single peak near —20°,
but the methoxyl peaks require a much higher tempera-
ture, near 145°. Line-shape analysest over the tem-
perature range 118-176° for the nmr signals for the
o-methoxyl groups show AH* = 17.7 = 0.4 kcal/mol
and AS* = —9.8 £ 1.0 eu for the process intercon-
verting exo- and endo-methoxyl groups. These data
suggest the importance in solution of a distorted pro-
peller conformation similar to that established by X-ray
analysis for crystalline 1. The higher energy barrier
for the position exchange of methoxyl groups than for
methyl groups in 1 is in accord with the order of size
(CH; > OCHys) established from rate data for biphenyl
racemization® and from consideration of the relative
van der Waals radii of oxygen and methyl groups® if
the detailed mechanism for rotation about the C,—aryl
bond is considered. Individual steps in this rotation
must involve a reversal of the pitch of the propeller,
with simultaneous 90° rotations of each ring about the
C,~aryl bond.

The pictured process moves exo-methyl group Z;
(in 1a) to an endo position (in 1b) and moves Z, endo
to exo. No exo-endo interconversion of methoxyl
groups is effected by this process. It involves a “gear-
meshing” correlation of the rotations of rings A and C
and of rings Band C.” The “gear-clashing” correlation
of rotation of rings A and B which is necessary in this
mechanism provides the largest steric interaction in the
transition state, that between endo substituents X,
(OCHjs;) and Y, (CHj).

The related processes which would interconvert exo-
and endo-methoxyls in 1a would involve rings B and C in
a ‘“‘gear-clashing” counterrotation with a resulting
large nonbonded transition-state interaction between
juxtaposed endo-methyls (e.g., Y. and Z,) in the transi-
tion state. This interaction would be expected to be
less favorable than the methyl-methoxyl interaction
in the pictured process (1a — 1b) which exchanges
methyls.

As expected, the rotation of the methoxylated rings
in 2, which involves only the much smaller methoxyl~
methoxyl interactions, is much faster, AH* = 8 = 1
kcal/mol and AS* = —10 = 5 eu (over the range —69
to —81°) as established by the line-shape analysis of the

(4) H. S. Gutowsky and C. H. Holm, J. Chem Phys., 25, 1228
(1956).

(5) R. Adams and H. C. Yuan, Chem. Rev., 12, 261 (1933).
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(7) For a discussion of such rotation in triphenylmethyl cations see
A. K. Colter, 1. 1. Schuster, and R, J. Kurland, J. Am. Chem. Soc., 87,
2278 (1965); in diarylmethanes see H. Kwart and S. Alekman, ibid., 99,
4482 (1968).
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