
Tris-[8]annulenyl Isocyanurate Trianion Triradical and Hexa-anion
from the Alkali Metal Reduction of [8]Annulenyl Isocyanate
Steven J. Peters* and Joseph R. Klen

Department of Chemistry, Illinois State University, Normal, Illinois 61790-4160, United States

*S Supporting Information

ABSTRACT: The solution phase alkali metal reduction of [8]annulenyl
isocyanate (C8H7NCO) yields an EPR spectrum, which reveals electron
couplings to seven protons and only one nitrogen. Although this strongly
suggested that the C8H7NCO anion radical was generated, experiments on
the oxidized product reveal the actual reduced species to be tris-
[8]annulenyl isocyanurate. Unlike the previously studied phenyl isocyanu-
rate anion radical, the unpaired electron(s) is now localized within an
[8]annulenyl moiety. Further exposure to metal results in the formation of
an equilibrium mixture of trianion triradical and trianion radical species. The
cyclotrimerization to form the isocyanurate is proposed to be driven by a
reactive C8H7NCO dianion, which is produced from the large equilibrium
disproportionation of the anion radical. Exhaustive reduction of the tris-
[8]annulenyl isocyanurate with potassium in THF generates the first-ever
observed hexa-anion of an isocyanurate. NMR analysis reveals that the
polarity of the carbonyl bonds within this hexa-anion is augmented and is caused by the close proximity of K+ ions, which are
tightly ion paired to the three [8]annulenyl dianion rings. These preliminary studies on the reduction of C8H7NCO suggest that
polymeric materials (e.g., polyisocyanates) made from this isocyanate might exhibit unique properties.

■ INTRODUCTION

The remarkable utility of isocyanates (R−NCO) as
building blocks for the production of more complex molecular
systems has been recognized for well over 150 years.1 Their
greatest use has certainly been in the production of polyur-
ethanes and polymer blends that contain cross-links of
isocyanurate heterocycles,2−5 where the latter is particularly
important in making these polymers flame retardant and impact
resistant.4,5 Isocyanates are also widely used in the synthesis of
biologically relevant compounds, including antibiotics as well as
many newly discovered natural products.2,6−12 In recent years,
both alkyl- and aryl isocyanates have been used to generate
materials that may be harnessed for their electronic and optical
properties. For example, aryl urea based protophanes, synthe-
sized from isocyanate precursors, exhibit unique electronic
interactions in these π-stacked aromatic chromophores.13,14 An
alternative is the generation of polyisocyanates (e.g., 1-nylon
polymers from isocyanate monomers), which are known to
exhibit enhanced optical activity due to the extended helical
conformation; these polymers have the potential to be used as
linkers in optical materials and molecular switches.15−20

Formation of these polyisocyanates commonly occurs at low
temperatures, using an anion initiator such as the anion radical of
an isocyanate monomer.15−20

Our motivation for exploring the chemistry of isocyanate
anion radicals comes from the fact that studies investigating their
structure and their reactivity are few. A greater understanding of
these systems should lead to a more complete picture of how

they can be used in syntheses. We recently investigated the alkali
metal reductions of aryl isocyanates and determined that ion
association plays an important role in the stability and reactivity
of these anion radicals.21 Under solvent conditions where ion
association is typically absent (e.g., in hexamethylphosphor-
amide, HMPA),22 we found it possible to generate the stable
anion radical of phenyl isocyanate (PhNCO•−) and observe it via
electron paramagnetic resonance (EPR) spectroscopy, reaction
1.21 The measured EPR hyperfine coupling constants reveal that
the electron spin density is delocalized throughout the molecular
π system, and that the molecular structure of PhNCO•− is similar
to that of the neutral PhNCO, where the isocyanate moiety
remains nearly linear.21 However, when these reductions are
performed under conditions where strong ion association occurs
between the alkali metal cation and anion radical (e.g., in
tetrahydrofuran, THF),23−25 no PhNCO•− is detected. Instead,
the only anion radical observed is that of tris-phenyl isocyanurate
formed via a rapid cyclotrimerization (reaction 2) where the
electron is largely localized within one of the carbonyl bonds.21

The expected Coulombic attraction between the metal cation
and the NCO moiety in PhNCO•− will augment the electron
density within the NCO group resulting in a more reactive anion
radical that propagates the cyclotrimerization.26 A similar
argument can be made for the reactivity of alkyl isocyanate
anion radicals. Low temperature matrix isolation studies on the
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anion radical of CH3NCO revealed that nearly all of the unpaired
electron density resides within the π molecular system of the
NCO group.27 Apparently, these experimental conditions were
necessary to capture CH3NCO

•− and to prevent it from
undergoing polymerization. Our group investigated the one
electron reduction of alkyl isocyanates under ambient conditions
in both HMPA and THF and found that it was not possible to
detect the respective anion radicals in either of these solvents.
Only solutions containing trialkyl isocyanurate anion radicals
could be detected.28

To further our understanding of the stability and the reactivity
of isocyanate anion radicals, we are motivated to investigate the
reduction of [8]annulenyl isocyanate (C8H7NCO, 1), which is a
new isocyanate and its chemistry has yet to be explored. We
believe this to be an ideal molecular system for further
exploration of isocyanate reduction chemistry since we anticipate
that much of electron density will reside within the [8]annulenyl
ring upon addition of an electron. This is a consequence of the
expected high electron affinity (EA) of the [8]annulenyl moiety
in 1. (The EA of [8]annulene (cyclooctatetraene, COT) is +63
kJ/mol.29) If substantial attenuation of spin density away from
the NCO group occurs, how will this impact the reactivity of 1•−?
Additionally, 1 is a particularly attractive system to explore due to
the fundamental quantum mechanical differences between
[8]annulene (4n π electrons) and [6]annulene (4n + 2 π
electrons). Therefore, the reduction chemistry of C8H7NCO is
an interesting choice to compare with that of the already explored
PhNCO.21

■ RESULTS AND DISCUSSION
Before reduction studies on C8H7NCO could be performed, it
was necessary to develop a synthetic route to this new isocyanate
starting from cyclooctatetraene, Scheme 1. The monobromo-
COT (C8H7Br) was synthesized as described by Krebs.30

Exposure of C8H7Br to Mg metal generated a deep blue-green
colored solution indicating the formation of the Grignard,
C8H7MgBr. This solution was quenched with excess dry ice
(CO2(s)) and acidified to generate the carboxylic acid,
C8H7COOH. Exposure of the acid to thionyl chloride (SOCl2)
produced the acid chloride, C8H7COCl, which was further

reacted with NaN3 to generate the acyl azide, C8H7CON3. The
azide was heated in a benzene solution to drive the Curtius
rearrangement and formation of C8H7NCO.
The reduction of C8H7NCO under vacuum conditions in

hexamethylphosphoramide (HMPA) at 293 K with sodium
metal,31 or in THF (with 1 equiv of 18-crown-6) with potassium
metal at 180 K, gives rise to an EPR spectrum that upon
computer simulation reveals that the anion radical of a
substituted [8]annulene had been generated, Figure 1.32,33 The

two larger aH’s (4.13 G (2 Hs) and 4.37 G (2 Hs)) come from
coupling to the four hydrogens on the even numbered carbons,
while the smaller aH (2.295 G (3 Hs)) is from the hydrogens on
the odd numbered carbons. Interestingly, the magnitude of these
aH’s would suggest that the substituent attached is a relatively
weak electron-withdrawing group.33 These EPR results are
consistent with the reduced D8h [8]annulene ring undergoing a
Jahn−Teller distortion to a ring that has a planar D4h geometry
with alternating long and short bond lengths.33b,34

On the basis of the EPR results obtained, our initial conclusion
was that we had successfully generated the anion radical of
C8H7NCO in solution for two important reasons: (1) The
unpaired electron clearly resides within the annulene ring and
exhibits coupling to only one nitrogen atom (aN = 0.58 G) and
(2) in previous studies with PhNCO•−, we found that the NCO

Scheme 1. Synthesis of [8]Annulenyl Isocyanate (1) Starting
from Cyclooctatetraene (COT)

Figure 1. (Upper) X-band EPR spectrum recorded at 180 K after a THF
solution containing [8]annulenyl isocyanate (C8H7NCO) with 1 equiv
of 18-crown-6 was exposed to K metal under vacuum. Spectrum was
obtained after solution was sufficiently reduced to generate the strongest
signal possible. (Addition of more metal resulted in loss of signal
intensity.) (Lower) Computer generated EPR spectrum using aN of 0.58
G (1 N) and aH’s of 2.295 G (3 H’s), 4.13 G (2 H’s), and 4.37 G (2 H’s).
The peak-to-peak line width (Δwpp) is 0.40 G.
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group is in fact weakly electron withdrawing with respect to the
phenyl ring.21 However, additional experiments revealed that the
EPR pattern shown in Figure 1 did not come from 1•−, but from a
reduced form of tris-[8]annulenyl isocyanurate.
The low temperature potassiummetal reduction of C8H7NCO

in THF (with 18-crown-6) was repeated until the strongest EPR
signal (the same as that shown in Figure 1) possible was
obtained.35 This THF solution was then oxidized with excess
iodine to convert the reduced species in solution to their neutral
state (K+R•− + 1/2 I2→ R + KI). The apparatus was opened and
any remaining I2 was quenched with Na2S2O3. After further
purification, the major product isolated was a yellow precipitate
and the 13C{1H}NMR spectrum confirmed its identity to be tris-
[8]annulenyl isocyanurate (2), Figure 2. The chemical shift at δ =
147.5 ppm is assigned to the three equivalent carbonyl carbons in

the planar isocyanurate ring, and is proof of its formation upon
reduction of C8H7NCO.

36 As further evidence that the EPR
spectrum in Figure 1 comes from the reduction of 2, this
authentic isocyanurate was reduced with potassium in THF (as
described above) and the EPR signal observed is the same as that
shown in Figure 1, see Figure in Supporting Information. Unlike
in the previously studied isocyanurate anion radicals, the
unpaired electron is now localized within a COT moiety and
not in the isocyanurate ring (reaction 2) due to the larger EA of
the [8]annulenyl ring.21,28,29

These EPR results reveal that the electron-withdrawing effect
upon the molecular orbitals of the COT ring(s) is in fact due to
the isocyanurate ring and not to an NCO group. The electron-
withdrawing nature is a consequence of the delocalization of the
lone pair electrons on the three nitrogens into the π-system

Figure 2. The 125 MHz 13C{1H} NMR spectrum of tris-[8]annulenyl isocyanurate (2) in CDCl3. The isocyanurate was generated from the potassium
metal reduction of C8H7NCO in THF along with 1 equiv of 18-crown-6. This spectrumwas recorded after the THF solution was oxidized with I2 and the
yellow solid collected was purified. The broad peaks observed for some of the carbon resonances is a consequence of the COT ring inversion/bond shift
process.

Scheme 2. Resonance Structures Depicting the Overlap of the Nitrogen Lone Pair Electrons with the πMolecular Orbitals of the
Isocyanurate Ring in 2
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(amide bonds) of the heterocyclic ring resulting in partial
positive charges on each of these nitrogens (Scheme 2 shows the
resonance structures for 2). Interestingly, the isocyanurate ring is
often considered “aromatic” in a Hückel sense, because these six
lone pair electrons contribute to its stability and D3h planarity.
The nitrogen lone pair electrons clearly do not donate much to
the COT’s π system; otherwise, the EPR data would resemble
that from a COT anion radical with an electron donating
group.37

Tris-[8]annulenyl isocyanurate should be capable of under-
going multielectron reductions (when exposed to ample alkali
metal) where each of the three identical D2d COT rings attached
to the isocyanurate ring accepts an electron to form a trianion
triradical of 2, 23(•−), Scheme 3.38 No electron−electron coupling

would be expected in this system, because the COT D4h
structures are anticipated to be nearly perpendicular to the
plane of the isocyanurate ring due to steric interference with the
oxygen atoms. This arrangement will minimize any overlap of the
π molecular orbitals between COT•− moieties and the
isocyanurate ring. Furthermore, this system would not be
capable of undergoing any typical intramolecular π−π
interactions between the planar COT•− rings due to their
inability to stack properly.
23(•−) is expected to disproportionate just as other substituted

[8]annulene anion radicals undergo effective disproportionation,
Scheme 3.33a,39 Therefore, the three electron reduction of 2 is
also capable of generating a second spin isomer: a trianion
monoradical (2•3−). Due to the equivalency of all three COT
rings in 2, both 23(•−) and 2•3− are expected to generate the same
EPR pattern. The addition ofmore electrons to the THF solution
containing both 23(•−) and 2•3− (e.g, the formation of the tetra-
anion, etc.) will result in a decrease in the overall concentration of
paramagnetic species in solution as more of the reduced COT
rings accept a second electron. As mentioned above, the EPR
spectrum shown in Figure 1 was recorded after sufficient
electrons (e.g., K metal) were added to obtain the strongest EPR
signal possible, and as expected, exposure of the solution to more
metal results in a decrease in this signal. We therefore assert that a
mixture of 23(•−) and 2•3−, the dominant species in solution, gives
rise to the EPR signal shown in Figure 1.
Many attempts to obtain an EPR spectrum of C8H7NCO

•−

were performed using different conditions (e.g., different

solvents, alkali metals, temperature conditions, etc.), but in all
of these experiments, only the reduced form of 2 was observed.
With our previous success in detecting the anion radical of
PhNCO in solution,21 it was initially unclear why we were unable
to detect C8H7NCO

•−. After further consideration, we propose
that the presence of the C8H7NCO dianion (12−), formed from
the equilibrium disproportionation of 1•− (Scheme 4),

complicates our ability to detect any anion radical in
solution.33a,34b,39 (The equilibrium constant for disproportiona-
tion of C8H8 anion radical is ∼109 in THF and 105 in HMPA.40)
The large negative charge residing within 12− would make this
dianion a stronger anionic initiator (e.g., nucleophilic) relative to
that of 1•−. Thus, 12− will rapidly attack additional isocyanates in
solution generating 22−, Scheme 4. Upon formation of 22−,
electron transfer processes allows for regeneration of 1•−, and
thus 12−, which further propagates the formation of 2, Scheme 4.
Room temperature NMR experiments performed support such a
mechanism.
As further evidence that 12− plays an important role in the

formation of 2, the potassium reduction of 1 was carried out at
293 K in THF-d8 (needed for NMR lock) and was monitored
using 13C{1H} NMR spectroscopy, Figure 3. (At room
temperature, the concentration of 1•− in THF is expected to
be very small, Scheme 4 (top reaction).40a) Exposure of this
solution to a small amount of potassium metal results in an
immediate color change (dark green), and the NMR spectrum
shows that 2 had begun to form, Figure 3B. As expected, the
production of 2 continues to occur at the expense of 1 for a time,
without the addition of more metal (data not shown). Further
exposure to the metal surface completes the reaction with near
quantitative conversion of 1 to 2, Figure 3C. Once the
production of trimer is complete, any additional exposure to
metal will result in an increase in the number of COT dianion
moieties in 2.

Scheme 3. Disproportionation of Tris-[8]annulenyl
Isocyanurate Trianion Triradical

Scheme 4. Equilibrium Disproportionation of C8H7NCO
•−

(Top Reaction) And the Production of Cyclotrimer (22−)
Initiated by C8H7NCO

2−a

aThe bottom reaction describes the equilibrium electron transfer
process to propagate the synthesis of 2.
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After the THF-d8 solution (now containing 2) was exposed to
more metal, a new set of broad 13C resonances centered near δ =

90 ppm are present, while those resonances for 2 have decreased
considerably, Figure 4 (lower spectrum). These new peaks are

Figure 3. (A) The 125 MHz 13C{1H} NMR spectrum of a THF-d8 solution containing C8H7NCO at 293 K before exposure to potassium metal under
vacuum. (B) NMR spectrum collected after the same THF-d8 solution was exposed to a deficient amount of K metal at 293 K to begin conversion of
isocyanate (1) to isocyanurate (2). (C) NMR spectrum revealing near quantitative conversion of 1 to 2 after further exposure of THF-d8 solution to
additional metal.

Figure 4. (Lower) The 125MHz 13C{1H}NMR spectrum obtained after the THF-d8 solution used to obtain 2 (see Figure 3) was exposed to additional
potassium metal at 293 K. (Upper) NMR spectrum obtained after exhaustive reduction of this THF-d8 solution with potassium metal. The potassium
ions shown in the structure above are to indicate tight ion pairing to each of the COT2− rings.
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assigned to the aromaticD8hCOT
2− rings (10π e−) formed as the

neutral D2d rings in 2 undergo a 2e
− reduction. The upfield shift

of these carbon resonances is a consequence of the shielding
caused by these additional electrons in the πmolecular orbitals of
the ring. These chemical shifts match those of previously studied
COT dianions with electron withdrawing substituents at-
tached.41 Clearly, some neutral D2d COT moieties around the
isocyanurate ring still remain since the characteristic resonances
near δ = 133 ppm persist. Upon exhaustive reduction of 2 with
potassium metal, we find a complete disappearance of any peaks
from the neutral COT moieties; only the well-resolved carbon
resonances from COT2− rings are present in the NMR data,
Figure 4 (upper). These results indicates that all three COT rings
in 2 must have undergone the 2e− reduction resulting in the
formation of the tris-[8]annulenyl isocyanurate hexa-anion, 2−6.
Although much of this salt had precipitated out of solution as a
dark green solid, the partial solubility of 2−6 was sufficient to
obtain its NMR spectrum.42

A closer look at the 13C NMR data also indicates that the
isocyanurate carbons in 2 (Figure 3C) undergo a substantial
downfield shift (ΔδC ≅ 9 ppm) upon reduction to 2−6 (Figure 4
upper). This shift (δC = 148.0 for 2 to 157.3 ppm for 2−6) is
somewhat unprecedented, especially since other isocyanurate
compounds with aromatic substituents attached do not exhibit
such a large deshielding of the carbonyl carbons.36 For example,
tris-phenyl isocyanurate is expected to have a structure similar to
that of 2−6 where the most stable configuration of the phenyl
rings is perpendicular to the isocyanurate.21 Yet the 13C NMR
spectrum of this system has the chemical shift of the carbonyl
carbons at δC = 149.6 ppm, Figure 5. Interestingly, comparing
this resonance with the carbonyl resonance of 2 (Figure 3), a
system that has nonaromatic (D2d) COT rings attached, we find a
difference of only ΔδC = 1.6 ppm. Clearly, the diamagnetic ring
current from the phenyl moieties in tris-phenyl isocyanurate
cause a relatively small perturbation on the deshielding of the
carbonyl carbons. A similar argument can be made for the D8h
COT−2 aromatic rings in 2−6, in that the ring current present
does not fully explain the large downfield shift observed for the
isocyanurate carbons.
A more plausible explanation for the observed deshielding

comes from the close proximity of the K+ ions to these carbonyls
as a result of tight ion association with the COT2− rings. In

studies investigating the reduction of [8]annulene (C8H8) in
THF with potassium metal, the dianion formed was found to be
tightly ion paired with two K+ ions.43 The crystal structure of
COT2−/2K+ has the planar COT dianion sandwiched between
the metal cations where the K+ ions are centered above and
below the ring by approximately 2.3 Å.44 Such a tight ion pairing
arrangement likely exists for each of the three planar COT2−

rings in 2−6 (e.g., 2−6/6K+, see Figure 4 and structure 2−6). A
Coulombic attraction between these K+ ions and the neighboring
oxygen atoms would be expected in this tight ion pairing
arrangement, which would enhance the polarity of these carbonyl
bonds, structure 2−6 (dashed lines represent Coulombic
attractions). The pull of electron charge density away from the
carbon atoms in these bonds is manifested in the NMR data by
the pronounced deshielding observed, Figure 4.

■ CONCLUSION
The alkali metal reduction of [8]annulenyl isocyanate in aprotic
solvents results in rapid cyclotrimerization to the tris-[8]-
annulenyl isocyanurate where each of the three D2d COT rings
can accept a single electron, generating the trianion triradical in
solution. The isocyanurate ring is found to act as an electron
withdrawing substituent attached to these reduced COT rings.
Upon further exposure to alkali metal, each of these D4h planar
COT•− rings can be further reduced to the fully aromatic D8h
dianion generating the diamagnetic tris-[8]annulenyl isocyanu-
rate hexa-anion, 2−6. The anion radical of [8]annulenyl
isocyanate was not observed in these studies. This is a

Figure 5. The 125 MHz 13C{1H} NMR spectrum of tris-phenyl isocyanurate in THF-d8.
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consequence of the favorable disproportionation of C8H7NCO
•−

to form the dianion, C8H7NCO
2−, which is a powerful anionic

initiator that readily propagates the formation of cyclotrimer.
The presence of this highly reactive dianion will make it very
difficult to observe the respective anion radical in solution.
The use of C8H7NCO to generate more complex molecular

systems (e.g., poly-[8]annulenyl polyisocyanates or [8]annulene
based protophanes) is of particular interest since the COT
moiety undergoes significant (D2d to D4h) conformational
change upon addition of a single electron. Such systems might
exhibit unique electronic and optical properties, as has been
observed with other polyisocyanates, resulting from possible
intramolecular π−π interactions between the planar COT•−

rings.

■ EXPERIMENTAL SECTION
Materials. Perdeuteriated tetrahydrofuran (THF-d8) was purchased

from Cambridge Isotope, Inc. and stored under vacuum over NaK.
Synthesis of [8]Annulenyl Isocyanate (C8H7NCO, 1). The

synthesis of monobromo-cyclooctatetraene (COTBr) was carried out
first based on Kreb’s preparation.30 The bromination of COT (5.0 g, 48
mmol) was performed in CH2Cl2 at −78 °C to give [4,2,0]-bicyclo-5,6-
dibromo-1,3-octadiene. This solution was warmed to−20 °C before the
dehydrohalogenation was carried out with a slight molar excess of solid
potassium tert-butoxide. The COTBr was purified via vacuum
distillation.
A molar excess of magnesium ribbon, polished with emery paper, was

cut directly into a flask purged with argon gas. A THF solution
containing COTBr was added slowly to the flask containing the Mg
ribbon. The heterogeneous mixture was stirred at 0 °C over argon for
approximately 1 h and then for an additional 4 h at room temperature
until a dark blue-green colored solution was generated indicating
formation of the Grignard, COTMgBr. This resulting solution was
cooled to−78 °C followed by the addition of excess solid dry ice (CO2),
which generated the COT carboxylate. The reaction was quenched with
water and acidified to pH = 2 with 1 M HCl. The resulting carboxylic
acid, COTCOOH, was extracted from the aqueous solution using
pentane. The 13C{1H} NMR spectrum confirmed the formation of the
carboxylic acid, see Supporting Information. A mixture of the crude
COTCOOH with a slight molar excess of SOCl2 and 5 μL of DMF was
dissolved in CH2Cl2. This solution was stirred for approximately 4 h at
room temperature to ensure complete conversion to COTCOCl
(confirmed by NMR). Once conversion was complete, the solvent was
removed and the dark red colored liquid was dissolved in benzene.
An aqueous solution containing a 10-fold molar excess of NaN3 was

added to the benzene solution containing COTCOCl. This solution was
stirred vigorously at room temperature to maximize the heterogeneous
mixing of both layers and the formation of COTCON3, which took
about 24 h. After this time, the benzene layer (dried with anhydrous
MgSO4 and filtered) was refluxed for 1 h to drive the conversion of the
acyl azide to the isocyanate via the Curtius rearrangement. Upon
removal of the benzene, the crude isocyanate was purified via a reduced
pressure distillation (1.5 Torr) where a bright yellow liquid was
collected between 55 and 63 °C. NMR analysis (Figure 3A) and ESI−
MS confirm formation of C8H7NCO with a 35% yield. See Supporting
Information for 13C NMR spectra of all compounds.
Reductions of [8]Annulenyl Isocyanate in HMPA and THF for

EPR Experiments.The reductions were carried out by allowing HMPA
solutions of C8H7NCO to come into contact with a sodiummetal mirror
at room temperature in vacuo as previously described.21 The low
temperature reductions (180 K) were carried out in a similar fashion
with a THF solution containing a 1:1 mixture of C8H7NCO and 18-
crown-6 being reduced with potassium metal. The reduction process in
all of these experiments was continued until the strongest EPR signal-to-
noise ratio was obtained. The EPR spectra were recorded with an X-
band EPR spectrometer equipped with a variable temperature unit.
Purification of Tris-[8]annulenyl Isocyanurate. Once the

reduction of C8H7NCO in THF was complete, a capillary containing

iodine (I2) was opened to oxidize the solution. The apparatus was
opened to the atmosphere, and the THF solution was poured into an
aqueous solution containing sodium thiosulfate to reduce the excess I2.
The organic material was extracted with ether, and this solution was
dried with anhydrous MgSO4 and filtered. The ether was removed, and
the solid residue was purified via a silica gel column using a 5% MeOH/
toluene mobile phase followed by a second column using a 1% MeOH/
toluene mobile phase.

Reduction of [8]Annulenyl Isocyanate in THF-d8 for NMR
Experiments.C8H7NCO (26.0 mg, 0.180 mmol) was added directly to
the bottom of the NMR tube in the apparatus shown in Figure 6. A small

amount of potassium metal was placed into bulb A, which was then
sealed at point B, and the entire apparatus was evacuated. The potassium
metal was distilled into region C of the apparatus to form a pristine metal
mirror, after which bulb A was sealed at point D.

Approximately 1 mL of THF-d8 (dried over NaK) was distilled from
the vacuum system directly into the NMR tube, and the evacuated
apparatus was sealed from the vacuum line at point E. Prior to beginning
the reduction with potassium metal, a 13C{1H} NMR spectrum of the
isocyanate was obtained. Exposure to the potassium was done by simply
inverting the apparatus so that the THF-d8 solution came into contact
with the metal. NMR data were collected periodically to monitor the
reduction chemistry. All NMR spectra were recorded with either a 400
or 500 MHz spectrometer.

■ ASSOCIATED CONTENT

*S Supporting Information
EPR spectrum obtained from the reduction of authentic tris-
[8]annulenyl isocyanurate, ESI-MS data for tris-[8]annulenyl
isocyanurate and the spectroscopic data from the synthesis of
C8H7NCO. The Supporting Information is available free of
charge on the ACS Publications website at DOI: 10.1021/
acs.joc.5b00859.

Figure 6. Glass apparatus used in the NMR experiments for the room
temperature reduction of a THF-d8 solution containing [8]annulenyl
isocyanate.
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