Table I. EPR Parameters of 4-Substituted- I-norbornyl Radicals

Hyperfine splittings, G

Radical  4-Substituent exo Hy g-value

4 2.456 a =132 2.0026
a, = 8.1

5 13 a| =38 2.0062

6 16 a; =10 20116

% Values from a preliminary analysis, complete results will be re-
ported at a later date. # From the solution data of ref 5.

Figure 1. (A) EPR spectrum of 4 in argon at 12 K; (B) EPR spectrum of
Sinargonat 12 K; (C) EPR spectrum of 6 in argon at 12 K. Vertical bars
indicate position of DPPH resonance; g = 2.0037.

retain a sizable anisotropy since a reasonable fit to the spec-
trum can be made withay = 13.2G and a , = 8.1 G (TableI).
The next largest hfsc in this radical is a long-range coupling
of 2.45 G to the proton at the 4-position which is not resolved
in our spectrum.

Replacement of the 4-proton in the parent 1-norbornyl
radical with either bromine or iodine results in sizable long-
range halogen hyperfine coupling as evidenced by the EPR
spectra of § and 6 shown in Figures 1B and 1C, respectively.
Analysis of these spectra (Table I) reveals a bromine hfsc of
13 G (g value of 2.0062) for 5 and an iodine hfsc of 16 G (g
value of 2,0116) for 6. These hfsc and g values are much larger
than one might expect from consideration of EPR data avail-
able for acyclic analogues of the 4-halo-1-norbornyl radicals.
For example, the bromine hfsc of 5 is at least an order of
magnitude larger than that of the y-bromopropyl radical.? In
fact, the hfsc and g values of 5§ and 6 are among the largest
reported for long-range halogen interaction and are compa-
rable to those observed in radicals derived from 1-bromo- and
1-iodofluorenone oximes which have bromine hfsc of 10.4 G
and iodine hfsc of 13.5 G with g values of 2.0068 and 2.0090,
respectively® (cf. Table I).

The magnitudes of the hfsc and g values observed in the
4-halo-1-norbornyl radicals suggest the operation of a facile
spin-delocalization mechanism in this system. The etiology of
the 1,4-interaction in the norbornyl system has been investi-
gated in theoretical studies by Hoffman and co-workers.'®
Their prediction of a predominantly ““through-space” inter-
action in this system is supported by the results of Kawamura
et al.> which suggests that the magnitude of the bridgehead
proton hfsc in 4 may be adequately explained in terms of a
direct “through-space” interaction. Such a mechanism, in
valence-bond terminology, would take the form of a hyper-
conjugative interaction between the radical center and the C(4)
to substituent bond. This interaction is represented pictorially
below,
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On this basis, it is perhaps not unreasonable to expect en-
hanced interaction (hence, larger hfsc and g values) as the
4-substituent is varied from hydrogen through bromine to io-
dine.
We are currently investigating possible chemical conse-

quences of interactions of the type suggested by our data.
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Nonrigidity in Eight-Coordinate Tetrakis Chelates:
the Stereochemical Integrity and Geometrical
Isomerism of Tungsten (5-Methylpicolinato)
(5,7-Dichloro-8-quinolinolato) Complexes

Sir:

All previous reports of eight-coordinate transition metal
tetrakis chelates indicate nonrigidity on a nuclear magnetic
resonance time scale at temperatures appreciably below room
temperature.' -8 In fact, Fay and his co-workers! have desig-
nated the tetrakis(NV,N-dimethyldithiocarbamato)tanta-
lum(V) cation as stereochemically rigid based on its non-
equivalent proton magnetic resonance (!H NMR) methyl
resonances below —62 °C. We report here slow exchange limit
'"H NMR methyl signals at and above room temperature for
the tetrakis eight-coordinate heterochelate tris(5-methylpi-
colinato)(5,7-dichloro-8-quinolinolato)tungsten(IV), abbre-
viated WP3Q.

Furthermore, to our knowledge, geometrical isomers of an
eight-coordinate transition metal complex in solution have not
been obtained previously.!!.15 We wish to report the solution
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Table I. Chromatographic and Spectral Properties of WP, Q- Series

Low energy charge transfer transition®

Elution Ry R 4CHCl3:
Complex? order? CHCl; ICH;COCH;3 v/v A (nm) ¥ (em™1) e (I. mol~! cm™")
W94 Ist >0.9 >0.9 703 14 200 44 500
WPQs 2nd 0.29 >0.9 675 14 800 38 100
a-WP>Q; 3rd 0.11 0.83 648 15 400 27 000
B8-WP,Q; 4th 0.02 0.39 662 15100 28 500
WP;Q 5th 0.01 0.32 623 16 000 22200
WPy 6th 0.01 0.16 595 16 800 15200

@ The complexes are all diamagnetic with satisfactory analyses; cf. footnote 18. # Elution gradient from pure chloroform to chloroform/acetone
solutions. ¢ The spectra are for chloroform solutions except for the o and 8 isomers, which are for the 4CHCIl3:| CH3COCH; v/v eluting sol-

vent.

|
D
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wh,Q wp,Q,
Figure 1, The methyl 'H NMR resonances at 90 MHz for WP,, WP3Q,
and WPzQz at35°Cin CD2CI2

evidence for two isomers of bis(5-methylpicolinato)bis(5,7-
dichloro-8-quinolinolato)tungsten(IV),'® abbreviated WP2Qs.
The isolated complexes give satisfactory analytical results for
this formulation, both are diamagnetic as required for eight-
coordination,'® and both slowly isomerize to the same equi-
librium mixture when redissolved. The two isomers have been
designated a-WP>Q; and 3-WP,Q:.

We have developed synthetic methods for preparing a wide
series of neutral molybdenum(1V) and tungsten(IV) tetrakis
picolinato type species.?? Previously, very inert d? tetrakis
complexes of tungsten(IV) with 8-quinolinol derivatives had
been synthesized in this laboratory?!-2? and their eight-coor-
dinate nature proven via a single-crystal x-ray study.?? Te-
trakis(5-methylpicolinato)tungsten(IV)'® exhibits only one
methyl '"H NMR signal at 2.44 ppm in CD,Cl; (Figure 1),24
which is consistent with a rigid dodecahedral D,4(mmmm),
S4(gggg), or D(gggg) stereoisomer;'” an antiprismatic
Cq(lllD), D511, or Dy(ssss) isomer; or an isomer or isomers
of lower symmetry with unresolved methyl signals. Naturally,
the single line is also consistent with a nonrigid structure. The
substitution-inert nature of low-spin eight-coordinate d2
complexes precludes rapid ligand exchange at room temper-
ature.2®

These syntheses have been extended to mixed ligand tetrakis
heterochelates in order to determine whether the single reso-
nances in the single ligand tetrakis homochelates are the result
of nonrigid behavior or equivalent methyl groups in the ground
state. The entire WP, Q, series, where x + y = 4, was prepared
froma 2.5:2.5:1 mole ratio of HP,26 HQ, and W(CO)g in dry
mesitylene heated under reflux conditions under nitrogen for
4 h.?7 The product mixture was separated on silica gel®® with
the chloroform eluent made progressively more polar with up
to 30% acetone. A limiting slow-exchange ' H NMR signal of
intensity 2:1 has been observed for WP3Q'8 (Figure 1) from
—50 to +55 °C.2° This 2:1 resonance is consistent with the
dodecahedral pseudo D,y (mmmm) isomer, which has been
demonstrated for tetrakis(5-bromo-8-quinolinolato)tung-

Figure 2. The two proposed WP.Q, isomers: meridonal (mer) and bifacial
(bif).

sten(I'V) in the solid state.23 The actual symmetry of this new
heterochelate complex cannot be higher than C; if it has this
common Dy parentage. Other logical isomeric possibilities3®
for this complex all possess three nonequivalent methyl groups,
which should have 1;1;1 'H NMR spectra, Naturally, if two
of the methyl groups are very similar, their resonances may not
be resolved, even at 90 MHz. Therefore, on a '"H NMR time
frame, the ligands of WP3Q retain their relative stereochemical
positions or ‘““stereochemical integrity”” without any appreciable
broadening to at least 55 °C.3! _

During our isolation of the series of WP,Q, complexes,
where x + y = 4, we noted a curious phenomenon. The third
and fourth of the six bands obtained by liquid chromatography
{or spots obtained by thin layer chromatography (Table I))
could be obtained by the reelution of either the third or the
fourth band. The visible spectra of the two isomers in chloro-
form are slightly different. The a-WP»Q; isomer has maxima
at 1.54and 2.56 um™! with log e values of 3.75 and 4.43, while
the 8-WP,Q; isomer has maxima at 1.51 and 2.70 um~' with
log € values of 3.68 and 4.45, respectively.3? On aging in solu-
tion their spectra become indistinguishable and appear very
similar to the original a-WP,Q; spectrum.

At 90 MHz two overlapping methyl 'H NMR signals are
observed (Figure 1) for the equilibrated WP,Q; complex at
2.41 and 2,37 ppm downfield from MeySi in CD»Cl, with
relative intensities of almost four to one. A thin layer chro-
matogram of the same solution yields two spots of similar
relative absorption intensities, thus suggesting along with the
visible spectral evidence that the a-WP,Q; isomer in equili-
brated room temperature solutions is the dominant isomer. The
'H NMR spectrum at 0 °C of the WP,Q; complex after
equilibration in CD,Cl, at 0 °C for 56 h shows a sharp decrease
in the 2.37 ppm (3-WP,Q) methyl signal which slowly reap-
pears on warming,. _

Two stereoisomers for the WP,Q; complex are logical as-
suming the WP>Q, species utilize the pseudo-D,,(mmmm)
stereochemistry, which is consistent with the solid state
structure of tetrakis(5-bromo-8-quinolinolato)tungsten(IV),2?
the WP3Q methyl 'H NMR signal intensities, and the lack of
observable stereoisomers for other members of the WP, Q,,
series. The two isomers are labeled meridonal and bifacial in
Figure 2.34

The visible spectra (Figure 2) give further evidence that the
intermediate heterochelates retain the eight-coordinat ge-
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ometry noted for the two homochelates at the ends of the series.
The intense bands at the red end of the visible spectra are
consistent with the metal to ligand charge-transfer designation
determined for the tetrakis 8-quinolinol derivatives of tung-
sten(IV).22 That is, the smaller aromatic picolinato ligands
cause shifts to higher energies relative to the more highly
conjugated quinolinolato ligands by about 0.06 um="' for each
picolinato replacement.
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The Photochemical Decomposition

of 1,4-s-Tetrazine-13N,

Sir:

Recently Hochstrasser and King! reported that s-tetrazine in
mixed crystal systems undergoes isotopically selective photo-
chemical decomposition from both the lowest n-=* singlet and
triplet state to yield, with near unit quantum efficiency,?
stoichiometric quantities of nitrogen and hydrogen cyanide.
No intermediate species were observed in this photolysis even
when performed in organic crystals at 1.6 K.!-} These obser-
vations led us to investigate further the nature of this intriguing
photochemical reaction. We wish to report here the preparation
and state selective photochemical decomposition of the isotopic
species 1,4-s-tetrazine-'5N,. In addition, we draw attention
to the potential of low temperature high resolution mixed
crystal absorption spectroscopy as a novel nondestructive
method for isotopic analysis.

Two general reaction pathways are immediately discernible
for this photoinduced reaction, the primary distinction being
the occurrence or nonoccurrence of bonding between the ni-
trogen atoms disposed 1,4 in the tetrazine molecule. For ex-
ample, excitation as shown in eq 1, could lead either via a
concerted (1a) or stepwise (1b or 1c) process to N; and HCN
without the advent of a 1,4-nitrogen bonded intermediate.
Alternatively, decomposition involving 1,4-bonding could
proceed through such cyclic intermediates as triazacyclobu-
tadiene (eq 2).* Refinement of the latter pathway allows for
HCN extrusion to occur either prior to or after 1,4-nitrogen
bonding. Ample precedent for eq 2 arises from the recent ob-
servation at room temperature of “Dewar” pyridine upon ir-

N
2.C..
N( .
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