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UV-vis, FTIR, and ESR spectroscopic studies were carried out on samples of 1,4- and 1,5-naphthalenediazide that were photolyzed at cryogenic
temperatures in argon and frozen solvent matrices. Mononitrenes and diiminediyl systems are produced. Spectral and computational results
are consistent with quinonoidal singlet ground-state structures for the diiminediyls, rather than aromatic dinitrene structures.

One interesting question in organic electronic structure theory linkers -X- likewise have quinonoidal, not aromatic dinitrene
involves the interplay between electron pairing to form bonds structure$21112n these and related systems, the maximum
in a conjugated system versus the tendency of polycyclic double bond count tends to be achieved, leaving two
aromaticr-networks to form aromatic rings. Electron pairing relatively isolated electrons that exchange couple through
tends to overcome aromatization, so the Kekulé xylylenes spin polarizatiot of the z-electrons in the conjugated
are reactive olefins with biradicaloid character. However, the network.
biradical nature of 2,2-dimethyaH-dibenzo[cd,k]fluoran-
thené shows that aromatizatiaranoverwhelm Kekulé-type _
valence bond electron pairing, when conjugative bonding has Scheme 1
an insufficient driving force. N - RC -

Various species have been derived by the generation of ) .
two nitrene or carbene sites with direct conjugation (Scheme Nz@zx:@:N
1). All of 1-3 (Scheme 1) have quinonoidal structures, based
upon UV, FTIR, and ESR spectral analysis plus computa- N- RC-

tional studieg 1% Systems of general typé with various 1 2 R=Ph 4 (X = [direct bond],
— 3 R=H [=CH-CH=],
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To compare the electronic natures of 1,4- versus 1,5-
naphthalenediyl conjugation linkers, we studied 1,4- and 1,5-
naphthalenedinitrené and 6, respectively. In this article,
we report® generation of these reactive intermediates in
cryogenic matrix and describe their UVis, FTIR, and ESR
spectroscopy.

Systems5 and 6 were generated by photolysis of the
corresponding diazide precurs@rand8, which were in turn
synthesized by diazotization/azidification of commercially

available naphthalenediamines. Synthetic details and char-

acterization are given in the Supporting Information. Both
diazide precursors must be protected from stray light to avoid
discoloration. Diazid® was particularly photolabile and was
sublimed just before use.

UV—vis and FTIR experiments were carried out by
subliming samples of or 8 with an argon flow onto the
precooled optical window of an Ilwatani Cryo Mini closed-
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Figure 2. UV—vis spectra from photolysis of Ar matrix isolated
8at 13 K,>350 nm at intervals. Arrows show peaks that decrease
and increase during irradiatioB.= @, 6 = A.

cycle cryogenic helium cryostat. UWis spectra were

obtained with a similar apparatus using frozen 2-methyltet- assigned t® decreases (Supporting Information), concomi-
rahydrofuran (MTHF) solutions of precursor azide0 tant with the growth of a new set of peaks at 329, 340, and
K in a copper sample holder with quartz windows. ESR 357 nm. On the basis of FTIR spectral data described below,

experiments were carried out on diazide samples dissolvedye attribute the new U¥vis peaks to ring-opened species
in MTHF and subjected to 3-fold freeze—pump—thaw g

degassing in quartz tubes.

: . . _ Figure 3 shows the results of photolysis of 1,4-isomer
Figures 1 and 2 show the UWis spectra obtained in  New FTIR bands are observed at 1593, 1481, 1264, 1248,
argon matrices at 13 K from photolyses®énd8. Arrows 1155, 998, 811, 761 (s), and 534 tmThese bands are
show the growth of new peaks and decrease of precursorsimilar to those previously observed for the analogous
peaks. New UV—vis bands at 243 and 254 nm are seen indjiminediyl 1. Figure 4 shows the results of photolysis of
Figure 1 from photolysis of . These are analogous to bands 1 5-isomei8 at 350 nm, which gives new bands at 1279 (w),
assigned tol in earlier work and are consistent with 1212 (w), 1163 (w), 1033 (w), 758 (m), 749 (s), and 508
quinonoidal structuré. Figure 2 shows U¥vis bands at  ¢m-1 (m). To help with assignment of the vibrational spectra,
442 and 471 nm attributable ® upon irradiation of8 at we carried out hybrid density functional theory (DFT)
350 nm. Similar peaks are produced in samples photolyzedyB3LYP/6-31G*5 computations using Gaussian9&nd
at <70 Kin MTHF matrix. The new UV-vis bands in Figure  spin-unrestricted GUESSMIX wave functions for singlet

2 are reasonable for the conjugatesnetwork in 1,5-  states. This method givegood prediction of the vibrational
dllmln6d|y| 6. ZINDO—-CIS computations for Slng|e6 spectrum for d||m|ned|y[1

predict significant UV-vis bands at only at 455 and 465
nm, in good agreement with experiméntJpon extended
subsequent photolysis at 254 nm, the tWs spectrum
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Figure 3. FTIR spectrum from 8-min photolysis af (Ar, 13 K,
Figure 1. UV—vis spectra from photolysis of Ar matrix isolated >350 nm).7 = @, 5= A. Bar graph represents UB3LYP/6-31G*
7 at 13 K,>350 nm at intervals. Arrows show peaks that decrease vibrational band positions and relative intensities computed for
and increase during irradiatioi.=— @, 5 = A. singlet stateb.
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s state6 (spin squared expectation value of 1.78 versus 0.00

theoretical) shows that it is highly admixed whlothtriplet

and quintet state character. This renders assignment of the

bands in Figure 4 somewhat problematic, but the similarity
of photolysate FTIR bands in Figures 3 and 4 suggests

0.05 ' : structural kinship of the intermediates formed in these

A > 350 nm .

004 b 20min. -Omin. $ experiments.

i Finally, we observed that the experimental FTIR spectrum
initially formed in Figure 4 is bleached by subsequent
photolysis at 254 nm, and a completely new set of peaks is
formed (Supporting Information). A new peak at 2225ém
is attributable to photocleavage ®to give a nitrile such as
9 (Scheme 2), similar to a photofragmentation observed by
one of us for 1.
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Scheme 2
Figure 4. FTIR difference spectrum from 20-min photolysis&f
(Ar, 13 K, >350 nm).8 = @, 6 = A. Bar graph represents Ns

q
iN N-
UB3LYP/6-31G* vibrational band positions and relative intensities hv >300 nm hv
computed for singlet state. O MTHF OO -
N3 N3 N-

The predicted spectra for both singlet and triplet states of 7 10 5
5 are very good matches for the new bands formed in Figure

t
3. The singlet state has a spin expectation value of 1.00, Na by 5300 i\ o N . N
showing strong admixture of the triplet state. The biradical ﬁlm i _w @
254
N, N N N

singlet and triplet states df are structurally quite similar
and give similar computed vibrational bands. The dominance
of a band at about 760 crhis notable in both predicted 8 1 6 8
and experimental spectra. The quintet dinitrene state, which
lies far higher in energy, does not give a good vibrational
spectral match, and was not further considered.

Figure 5 shows the ESR spectrum from photolysig af

The DFT predicted spectrum for the triplet biradical state // K in 2-methyltetrahydrofuran (MTHF). The spectrum
of 6 includes a dominant 1849 crhabsorption that is not ~ SNOWS @ mononitrene peak at 6105 G corresponding to a

experimentally observed in Figure 4. By comparison the DFT 2€70 field splitting (zfs) ofD/hc| = 0.74 cm*, and a set of
computed vibrational bands and intensities for the singlet Peaks at 1497, 2034, 2522(max), 2657, 3835, 3969, 4611 G
state compare well to the experimentally observed bands’conastent with triplet biradicaéd having zfs parameters of

especially the dominance of the experimental band at 749.|D/hc|.= 0.122 cm?, |E/h9| = 0.003 cm™. Sc_)me low
cm L. However, the sizable spin contamination of singlet Ntensity peaks near the typically observedyradical peak
suggest a small amount of biradical dimerization analogous
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S.; Kaise, M.J. Phys. Chem. A997,101, 2083.
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Yang, W.; Parr, R. GPhys. Rev. BL988,37, 785.
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Figure 6. ESR spectrum @@= 9.33 GHz) from photolysis of
MTHF matrix isolated8 at 77 K: (a) at 350 nm (Oriel band-pass
51830) for 2 min, (b) 350 nm band-pass for another 5 min, (c)
then >300 nm (Pyrex) for another 5 min.

UB3LYP/6-31G* and CASSCF/6-31G* singletriplet
gaps for biradicab are computed to be 1-2.6 kJ/mol,
respectively, favoring the singlet as is typical of diimine-
diyls.*1~1217The aromatic quintet dinitren&lies far above

populated at 77 KAE(S—T) of 1,5-isomes6 is computed

to be a surprising and probably artifactual 20 kJ/mol at the
UB3LYP level, due at least in part to the spin contamination
problem described earlier. Quintet dinitreleis low in
energy relative to the biradical states, only about 14 kJ/mol
above the triplet state. The lesser stabilization of quinone-
type bond formation in this 1,5-connectivity by comparison
to the 1,4-connectivity arises because no aromatic ring-
containing resonance structures are retained in the biradical
states of6.

Because of our concerns about spin contamination in the
UB3LYP singlet computations foé, we also carried out
multiconfiguration SCF computations. CASSCF(6,6)/6-31G*
computation¥ yield AE(S—T)= 1.0 kJ/mol, while a more
robust CASSCF(14,14) subspace giveds(S—T)= 3.7 kJ/
mol. CASPT2/6-31G* computatiotsgive AE(S—T)=7.9
kJ/mol. These ST gaps are in better accord than the DFT
results with what one expeétd1220for diiminediyl biradical
states, providing further evidence of the problematic behavior
of the singlet versus triplet UB3LYP-DFT results f&rThe
CASSCF and CASPT2 computed S—T gaps remain large

(165—203 kJ/mol) the biradical states and was not further enough to be consistent with our failure to observe a triplet
considered. The computations are consistent with observatiorbiradical ESR spectrum fa8. CASSCF singlet to quintet
of a thermally populated triplet biradical ESR spectrum. The energy gaps at these levels are-B0 kJ/mol, still relatively
computed geometries of the biradical states show bondsmall by comparison to syste” CASPT2 level computa-

alternation consistent with a quinonoidal nature.

The ESR spectrum d§ is similar to that ofl, consistent
with minor structural difference between the two. The zfs
in 1is'* 0.169 cn? versus 0.122 cnt in 5, showing the

effect on the biradical electronic distribution of benzanne-

lation. 4-Azido-phenylnitrene has a zfs @/hc| = 0.90
cm 1577 while 10 has zfs of 0.74 cm'. Both 5 and
mononitrenel0 should have increased delocalization of
mr-spin density away from their nitrene nitrogens. With a

tions lower the quintet state to 23.5 kJ/mol higher than the
biradical states, but overall the quintet remains energetically
well beyond thermal excitation at DFT and post Hartree
Fock levels.

In summary, photolysis of 1,4- and 1,5-naphthalenediaz-
ides leads to deazetation. The computational and experi-
mental spectroscopic results are consistent with the formation
of the corresponding diiminediyl biradicatsand 6. Com-
putations show that the biradical to dinitrene energy spacing

smallerz-spin on the nitrene nitrogen, the on-center dipolar is much larger in5 than in 6, supporting the notion that
interactions that dominate the zfs in these systems arequinonoidal bond formation by the indirect path@ris less

reduced®®!!leading to the observed decrease in zfs.

favorable than direct quinone formation across a single

Figure 6 shows the ESR spectrum after 5 min of Pyrex- phenylene ring.

filtered photolysis of8 in MTHF at 77 K. It also shows a

typical radical byproduct peak, plus a mononitrene peak at

6150 G corresponding to zfs db/hc| = 0.75 cnmt. As
curves a and b show in Figure 6, initial photolysisBofields

two mononitrene peaks that gradually merge into one as
photolysis continues. Harder and co-workers have shown tha
photolysis of 4,4stilbenediazide undergoes secondary matrix

chemistry that results in formation of 4-amino-4'-nitrenos-

tilbene!® An analogous process would be a reasonable source Supporting Information Available:

of the second mononitrene peak fr&that arises in addition
to the expected mononitrene peak frdr.
Multiple attempts at photolysis @&failed to yield an ESR
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Synthetic proce-
dures, ESR spectral simulatids, composite figures for
experimental and computed FTIR spectral bands and intensi-
ties, computational geometries and energies for statés of

spectrum corresponding to a biradical triplet state. If such a and 6. This material is available free of charge over the
biradical is present, it must have a singlet ground state with |nternet at http://pubs.acs.org.

a sufficiently large singlet to triplet energy gap (AE(S—T)
> 5 kJ/mol) that the triplet biradical is not thermally
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