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Abstract: A novel low-temperature intramolecular exchange was detectédd®WMR spectrometry in the

Na" and K" salts of the title compound. The process causes the pairwise exchange in the dianion gng of C
Cs', and G+ with Cg+, C+, and G, respectively. The free energy of activatiohG¥excr) for the dipotassium

salt @2-/2K*) in THF-dg at 230 K is 12.6 kcal moft. Two key questions are addressed: (1) Why are these
carbons anisochronous and (2) what is the mechanism of exchange? NMR data for 1-cyclooctatetraenylnaph-
thalenedipotassiun8{ /2K*) as well as ab initio HF/3-21® calculations for3, 32-, and3%~/2K* indicate

that the nonequivalence is due to both slow rotation across a barrier at which the naphthalene and COT
rings are approximately coplanar and slow inversion of the neutral COT ring. This results in the noteworthy
circumstance of diastereotopic carbons being observed in a molecule that does not possess either a stereogenic
or a prostereogenic center. ComparisomM\@¥ech and AG*gs for 227/2K* with the corresponding values for
22=/2Nat and 227/2Li* and of AG¥eyen With AG* for ring inversion in 1,4-dicyclooctatetraenylnaphthalene
leads to the conclusion that C®Tring rotation and COT ring inversion both contribute to exchange?in

2K™ in a 3:1 ratio, but that exchange occurs exclusively by ring rotatio@2i2Li*. The latter result is
attributed to looser ion pairing in the dilithium (and disodium) salts.

We have been interested in the process of “gated” charge Scheme 1
transfer in bridged dicyclooctatetraene dianidnsThe gating
step in this system involves both ring flattening and bond
equalization in the neutral COT ring, changes that necessarily
precede electron transfer and cation migration. As a conse-
quence, gating is closely related to the well-known processes
of ring inversion (RI) and bond shift (BS) (Scheme 1). The
dipotassium salt of 1,4-dicyclooctatetraenylnaphthalede/
2K™) undergoes one or more additional dynamic process below
233 K1 Analogous behavior was also seen f8r/2K*. The
observations that motivated the present study are presented in
Figure 1.

1 S cor Q are the exchanging carbons anisochronous and (2) what is the
cot O coT cot Q 4 mechanism of exchange? The answers to these questions, which
' . 5 cor O involve some unexpectedly complex results, are detailed below.
76 i .
1 2 3 . Lz

Four of the seveA®C signals of the dianion ring ¢?/2K™"
at 225 K coalesce to afford a total of five signals at 255 K. If
one makes the reasonable assumption that the most remote
carbons (G- and G-) are accidentally isochronous (magnetically
equivalent), then this behavior is fully consistent with a pairwise
exchange of @, Cz, and G- with Cg,, C, and G-, Results
respectively. This led us to address two key questions: (1) Why
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Synthesis.1,5-Dicyclooctatetraenylnaphthaler®) (vas pre-
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Figure 1. 13C NMR spectra for the dianion ring of 1,5-dicyclooctatet-

raenylnaphthalenedipotassiugi{/2K*) in THF-dg at 225 (bottom) and
255 K (top).

with MesSnCOT. This compound had been synthesized previ-
ously by the CopeDeKock metho#lin 11% yield®

I coT
D0 - (T e
+ _—
THF, 50 °C, 35%
| coT
2

Kinetic Studies. The alkali metal salt?-/2M* (M = Li,
Na, K) and32-/2K* were generated by carefully contacting a
solution of2 or 3 in THF-dg with the alkali metal in a sealed
NMR tube. In addition to the expected exchange56fdue to

Staley and Kehlbeck

Table 1. Kinetic Data for Bond Shift ir2 and 22-/2M* in THF-dg
at 280 K

compound T range (K) Kes? AG¥gsP
2 260-280 16.9 14.8
222K+ 255-280 17.2 14.8
227[2Na" 260—280 225 14.6
2272Li* 260-275 29.7 14.5

aIn s7%; £10%. Calculated from the van't Hoff plot.In kcal mol?;
+0.1. ¢ Extrapolated.

Table 2. Rate Constants and Free Energies of Activation for
Exchange in the COT Ring of Alkali Metal Salts of
1,5-Dicyclooctatetraenylnaphthalene Dianion

compound T (K) Kexc® AGFeuet?

227[2K* 230 5.05 12.6
22-[2Na* 210 2.5 11.8
227/2Lit 180 >2.7 <10°

aln s7%; +£15%.° In kcal mol?; £0.2. ¢ Maximum estimated from
undetectable line broadening Q.7 Hz) at 180 K.

BS rate constantsgs) were calculated for duplicate samples
and averaged for a number of temperatures where NMR line
broadening could be measured in the slow exchange region
(Table 1).13C line broadening fo2 was measured for two
nonoverlapped signals) (135.9 and 131.9) over a 20 degree
temperature range. Although the COT signals coalesced on
increasing the temperature from 273 to 298 K, five distinct COT
signals had not emerged from the baseline by 323 K, as is
expected for the fast exchange region for BS.

The rate constants for BS @ /2M* were determined for
two samples of each salt (M Li, Na, K). 13C line broad-
ening was measured for five nonoverlapped signalslR7.2,
133.8, 132.6, 131.8, 131.6)¢ (136.7, 133.2, 132.2, 131.6,
131.0), and ¢ 136.7, 133.2, 132.2, 131.4, 131.1)] over 25, 20,
and 15 degree temperature ranges for the K, Na, and Li salts,
respectively.

The rate constant for the new exchange procksgr was
calculated for duplicate samples at a single temperature where
line broadening could be measured in the low-temperature region
(Table 2).13C line broadening was measured for four nonover-
lapped signalsq 97.1, 96.6, 90.3, 90.1) at 230 K f@f~/2K™*
and for two nonoverlapped signal$ 93.0. 92.8) at 210 K for
22=/2Na". No line broadening<€0.7 Hz) was detected for the
13C NMR spectrum of227/2Li* down to 180 K or for that of

BS in the neutral ring (broadening and pairwise exchange of 3 /2K* down to 173 K.

C>, Cz and G with Cg, C7 and G, respectively) (see structure
227) and intramolecular transfer of charge between the COT
rings (exchange dH and®3C in COT with those in COT7),1-3

Discussion

Nonequivalence of Carbons in the Dianion Ring.There

we observed another, lower energy exchange process affectingare at least three possible dynamic processes that can occur in

the 13C signals in the COX ring of 227/2K™ (Figure 1) and
22-[2Na'.

227[2K*: (1) rotation around the CGT—naphthalene bond,
(2) inversion of the COT ring, and (3) rotation around the COT

As seen in Figure 1, this process causes the “doublets” at ca.naphthalene bond. Fast rotation around the €Chaphthalene

0 97 and 90 at 225 K to collapse to singlets at 255 K. We

bond on the NMR time scale would cause rapid exchange, so

assume that the difference in chemical shifts at 225 K between the observed exchange necessarily requires slow rotation around

Cy,r and G+, C3» and G+, and G- and G decreases with
increasing distance from the naphthalene ring, NéCy+ g >
AO6Csz 70 > AOCy g. Assuming that the singlet @t88 is due

this bond.
In Table 3, we list the four possible scenarios for the ob-
servation of exchange. For slow C&T-naphthalene rotation

to C4 and G being accidentally isochronous, then the NMR With an @ = 90° barrier (wherew = »(C2CrCiC;) as

temperature dependence is fully consistent with pairwise
exchange of these carbons.

(5) (@) Cope, A. C.; Kinter, M. RJ. Am. Chem. Sod.951, 73, 3424.
(b) Miller, J. T.; DeKock, C. W.; Brault, M. AJ. Org. Chem1979 44,
3508.

(6) Alegria, A.; Diaz, N.; Echegoyen, L.; Maldonado, R.; Guld. T.J.
Org. Chem.1982 47, 5386.

numbered ir?2") (scenario 1), one side of the C&Tring would
be restricted to the “inside” (i.e., toward the second ring of
naphthalene) while the other would be “outside”, thereby causing

the two sets of carbons to be anisochronous. This result would

be obtained regardless of whether dynamic processes of the
neutral COT ring are fast or slow. Alternatively, if the overall
barrier occurs at Done set of CO¥ carbons would be
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Table 3. Scenarios for the Observation of Exchange of Carbons in
the COP~ Ring of 227/2K*

scenario rotation of CO’T2 inversion of COT rotation of COT
1 slow (90 barrier) fast or slow fast or slow
2 slow fast slow?
3 slow slow slow
4 slow slow fast

aThe naphthalene and C®Trings are coplanar in the transition
structure (Obarrier) unless indicated otherwideThe naphthalene ring
and the GC, bond of COT must not be coplanar in the minimum
energy conformation.
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Figure 2. 3C NMR spectrum of 1-cyclooctatetraenylnaphthalene-
dipotassium 3/2K") in THF-ds at 193 K.

restricted to the “top” of the naphthalene ring and the other to
the “bottom”. This renders them isochronous provided that both
rotation and inversion of the neutral COT ring are fast on the
NMR time scale.

The question of whether the barrier for rotation of COT
occurs at 0 or 90 was addressed both experimentally and
theoretically. The dipotassium salt of 1-cyclooctatetraenylnaph-
thalene §2-/2K™) was studied to determine whether an analo-

J. Am. Chem. Soc., Vol. 123, No. 33, 28047

Table 4. Relative Energies and Torsional Angles for HF/3-Z1G
Geometry-Optimized Ground States arfdatd 90 Conformers of
3~ and3?/2K" (solvated K)

compound state  w? EP AE®
3 GS 35.2 —685.39759 0
od —685.39173 3.68
o —685.38649 6.97
3% /2K GS 57.7 —1878.24290 0
(solvated K)e od —1878.21467 17.72
¢ —1878.24001 1.81

aw(CxCyC1Cy), in deg; twist of COT~ relative to the naphthalene
ring. ® In hartrees¢ In kcal mol! relative to the ground statéValue
of w fixed to approximate the transition structufé he potassium ions
were fixed 2.400 A above and below the center of the ring (ap-
proximately as found by X-ray diffraction [refs 7, 8]) and all other
parameters were optimized.

mol~1) at or nearw = 0°. The uncomplexed dianion has a
smaller barrier at Othan at 90 despite greater steric interactions
at @ owing to a greater delocalization in the latter. Conversely,
327/2K T (solvated K), which is a weakerr donor, is stabilized
much more by reduced steric interactions than it is destabilized
by loss of # conjugation on twisting from 0 to 90 The
aforementioned NMR evidence for & @otational barrier for
327/2K* is in accord with these molecular orbital calculations
since previous studies showed that the COifing is strongly
contact ion paired with K in THF both at room temperatifre
and at—60 °C.10

These results require that the neutral COT ring play an
important role in the nonequivalence of the exchanging carbons
in 22~ (scenarios 24 in Table 3). Slow rotation of the neutral
COT ring (scenarios 2 and 3) would causg @nd G- of the
COT? ring to be anisochronous owing to their different
relationship to the single and double bonds of the neutral COT
ring. Note that for scenario 2, this requires thatGs of the
COT ring be twisted relative to the naphthalene ring in the
minimum energy conformation. (b = 0° on the NMR time
scale in the latter, then the COT and naphthalene rings would
effectively be coplanar due to fast COT ring inversion and the
regions above and below the naphthalene ring would be

gous exchange could be observed in the absence of a proximaténagnetically equivalent.)

COT ring. No broadening of th&C signals of the dianion ring
was observed down to 173 K (see 193 K spectrum in Figure
2). This indicates that any restricted rotation about the €T
naphthalene bond must hawe~ 0° as the transition structure
(TS). The same conclusion necessarily also appli€3 2K ™"

Slow inversion of the neutral COT ring (scenarios 3 and 4)
results in the circumstance that-@nd G- are anisochronous
because they ardiastereotopic This is a consequence of the
presence of both a chiral moiety (the monosubstituted COT ring)
and a prochirdh axis (the COT —naphthalene bond), a

sir‘]ce7 as discussed be|0W’ a proximate COoT ring has a|mos’[situati0n that is obtained even if there is rapid rotation of the

no electronicinfluence on the COT ring.

This conclusion is supported by geometry optimizations at
the ab initio HF/3-21@&) level using two models foB2/2K*.
The first, which we designat&?~, does not include the
counterions and is a model for a fully solvent-separated ion pair.
In the second, terme@?~/2K™ (solvated K'), the potassium
ions were fixed above and below the center of the €Qfinhg
at a distance (2.400 A) similar to that found by X-ray diffraction
(2.32-2.46 A) for contact ion pairs between C®T or
substituted CO%~8 and glyme- or diglyme-solvated'kand all
other parameters were optimized. Minima in the inter-ring
torsional angles of 35.2 and 57, Tespectively, were calculated

neutral COT ring (scenario 4). We are aware of only one other
example of diastereotopic atoms in molecules (the highly
sterically hindered 1-(4-X-phenyl)-8-(2-methylphenyl)naphtha-
lenes}? that do not possess either a stereogenic or a prostereo-
genid! center. The diastereomers of 3,6-di(2,4-dimethylphenyl)-
2,5-dibromohydroquinone, which can be interconvertee 200

°C, represent a similar relationsHip.

(7) (@) Kinsley, S. A.; Streitwieser, A., Jr.; Zalkin, Rrganometallics
1985 4, 52. (b) Hu, N.; Gong, L.; Jin, Z.; Chen, W. Organomet. Chem
1988 352, 61.

(8) (a) Goldberg, S. Z.; Raymond, K. N.; Harmon, C. A.; Templeton,
D. H. J. Am. Chem. S0d.974 96, 1348. (b) Kinsley, S. A.; Streitwieser,
A., Jr.; Zalkin, A.Acta Crystallogr., Sect. C: Cryst. Struct. Commi886

for these two models (Table 4). As expected, there is a smaller42 1092.

twist in 32~ because of the stronger donor ability of the
uncomplexed dianion ring.

The barrier for rotation ir8%~ is calculated to occur at or
nearm = 90° with an energy of=7.0 kcal mof™. In contrast,
the contact ion-paired dianion3{/2K" (solvated K] is
calculated to have a significantly larger barrierd(7.7 kcal

(9) Cox, R. H.; Harrison, L. W.; Austin, W. K., Jd. Phys. Cheml973
77, 200.

(10) Staley, S. W.; Grimm, R. A.; Boman, P.; Eliasson,JBAm. Chem.
Soc 1999 121, 7182.

(11) Fujita, S.Tetrahedron200Q 56, 735.

(12) Cozzi, F.; Cinquini, M.; Annunziata, R.; Dwyer, T.; Siegel, JJS.
Am. Chem. Sod 992 114, 5729.

(13) Browning, E.; Adams, RJ. Am. Chem. Sod.93Q 52, 4098.
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Table 5. Torsional Angles and Energies for Rotation and Inversion decreases from 12.6 kcal mélat 230 K for the K salt to

of the COT Ring of3 <10 keal mot at 180 K for the Li salt. This clearly establishes
state ®(CyCyCsCq)2P (Exr + ZPE)ePC ring rotation as the dominant pathway for exchange, especially
GS 282.9 ) for the Na" and Li* salts.
rotational minimum 89.3 0.4 A more quantitative dissection of this mechanism was
rotational TS 0.0 12.4 achieved as follows. We were not able to measkgiein 2
rotational TS 180.0 13.3 directly due to insufficient differences in the chemical shifts of
ring inversion TS 75.9 17.8

the two diastereomers. Howevégs in 1 (18.2 st at 280 K}

aTorsional angle in degrees; the numbering is the same as in structureis identical within experimental error tgsin 2 (Table 1). This
22". b Calculated at HF/3-21G.Energy relative to the GS; in keal  ingicates that the COT ring has essentially identical steric
mol ™. environments in the two isomers.

To investigate scenarios-2, the energetics of rotation and The value ok for eachCOT ring in1 at 230 K (interpolated
inversion of the neutral COT ring i8 were calculated at HF/  f0m data obtained over the range 22812 K) is 1.2 s1115

3-21G (Table 5). The energy difference between the rotational 15 value provides a very good estimatekgf in 22-/2M.
minimum atw = 282.9 and the maximum at’Ovas calculated Comparison with the value dfuen for 22-/2K+ (5.05 s at
to be 12.4 kcal mat* whereas that for RI was calculated to be 230 K) (Table 5) indicates thaapproximately 1/4 of the

17.8 kcal mot®. These values suggest that Rl is slow on the exchange occurs by COT ringdersion and 3/4 by COT ring

NMR time scale, a conclusion that is supportediay for 1 rotation. The mechanism of exchange changes on going to the
(vide infra). Since TS energies are typically overestimated at Ng+ and Lit salts where it occurs solely or almost solely by
the HF/3-21G level? rotation of the neutral COT ring is fing rotation.

prcl)bably fastt ap(t:ihscenarlf 4. Is the mobst “ke%l/.th t the sh TheH and!3C chemical shifts of alkali metal salts of COT
N support oTthis conclusion, wWe observe at the sharp yianions in THF have previously been interpreted in terms of

8.7 Hz doublet for Hg of 2 at 263 K changed to a broad . L -
] : the larger cations existing solely or predominantly as contact
singlet at 203 K. In contrast, the other two naphthalére ion pairs?10 In contrast, the chemical shifts of the'Lialts

;‘Ttshc:)rzjar;]czsslrfrr?talgr;sg(;g:ﬁgvevl\yazh;;%e:th;g:’;’%g%ﬂgiéawreindicate a small but significant proportion of solvent-sep-
9 9 9 pp e arated ion pairs and/or more highly solvated contact ion

:ien?ults allre fc?hn3|cs:tgqt r;lr\:lth t”;%'g éotagor} Svnr t?éti NnMT 203 pairs. Strong evidence for increased solvation of €0ibn
€ scale ot the ga and siow rotation & pairs in the order K< Na < Li is also seen in the UVvisible

ﬁ' Thg.f'ﬁcwo rct)tart]longl clonggtrmfrstﬁlvindln Table 5 p_rob?bl}[/ spectra of alkali metal salts pfp'-dicyclooctatetraenylbiphenyl
ave dirierent cnemical Snifts for the nyarogens proXimate 10 ix nigns in THF at 175 KS The above rate constants can

the COT rings (Hg and, to a lesser extent,»l). These are . : .
. ’ therefore be explained by the C&Tring being a better donor
averaged at 263 K but are broadened at 203 K as the Slow;, yo yqre strongly solvated tisalts. That is, cation solva-

exchange region (where they have different chemical shifts) is tion facilitates ring rotation because it preferentially stabilizes

approached. : : : )
Mechanism of Exchange.Having established that the 'éheelo(?;”;c;[?;lr?nal barrier by promoting  greater-electron

observation of anisochronous carbons is a consequerimeiof

slow rotation about the CGT—naphthalene bond and slow

inversion of the neutral COT ring, we next addressed the

question of the mechanism of exchange. We reasoned from the The dianion ring carbons &2 /2K* (C»- and G, Cz and

effect of ion pairing on the calculated rotational energy barriers C,., C4» and G) are anisochronous on tA% NMR time scale

in Table 4 that the counterion probably exerts a strong influence at 230 K. This inequivalence is due to the pairs of carbons being

on the rate of rotation of the C@T ring. The dependence of  diastereotopic as a result of both slow inversion of the chiral

kri on the counterion was less clear. We chose to investigate monosubstituted COT ring and slow rotation about the £€0T

this question experimentally by an indirect approach rather than naphthalene bond, which is coincident with a prochiral axis.

directly but less definitively by computation. Thus, 22~ is a rare example of a molecule with diastereotopic
Ring inversion cannot be observed 24 /2M* without an atoms that does not possess either a stereogenic or a proste-

additional prochiral or chiral reporter group. (The diastereotopic reogenié! center.

carbons in the dianion ring must be discounted because it is 13¢ exchange ir?2-/2K*+ occurs with a rate constant of 5.05

their mechanism of exchange that is under investigation.) s-1 gt 230 K. Two lines of analysis indicate that exchange in

However, the rate of BS in the neutral COT ring can be thjs salt occurs by a mixed mechanism involving both rotation

Conclusions

determined through the pairwise exchange of Cz, and G of COT2~ and inversion of COT. First, inversion of the sterically
with Cg, C7, and G, respectively. Kinetic data for BS i@ identical COT ring inl is Y/, as fast kg = 1.2 st at 230 K) as
and2*7/2M* (M = Li, Na, K) are given in Table 1. exchange ir22-/2K*. Second, changing the counterion from

Note thatAG*ss decreases by only 0.3 kcal mélat 280 K M = K to Li has almost no effect ohG*gs in 22-/2M* but

on going from227/2K™* to 227/2Li* (Table 1). Consequently,  causesAGeen to decrease by over 2 kcal mdl This is

we expect little dependence of the rate of Rl on the counterion. consjstent with the mechanism of exchange changing from
Since the TS for Rl is less delocalized than that for BS, the (otation/inversion ir22-/2K+ to pure rotation ir22-/2Li*. This
former should be even less sensitivettelectronic effects and  change is a reasonable consequence of a corresponding shift to
the small counterion effect observed for BS should apply for |goser ion pairs, which facilitate ring rotation through greater

Rl as well. 7 delocalization from the dianion ring.
As seen in Table Zhe rate of the new exchange process is
strongly dependent on the counteriofhe value ofAG*exch (15) Since there are two COT rings inthe value ofkg for 1 in ref 1
(reported on ger moleculebasis) must be divided by 2 for comparison
(14) (a) Spellmeyer, D. C.; Houk, K, Nl. Am. Chem. S0d 988 110, with 22-/2K* on aper ring basis.
3412. (b) Spellmeyer, D. C.; Houk, K. N.; Rondan, N. G.; Miller, R. D; (16) Peterson, M. L., Ph.D. Thesis, Carnegie Mellon University, Pitts-

Franz, L.; Fickes, G. NJ. Am. Chem. Sod 989 111, 5356. burgh, PA, 1999.
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Experimental Section samples, the solution was allowed to come into contact with cleaned
pieces of lithium wire and reduction was initiated with sonication. The
tube was inverted repeatedly until the proper reduction stage was
reached, as judged from tHe NMR spectrum. NMR spectra of dianion
samples stored in a freezer typically showed no decomposition over a

General. Diethyl ether and tetrahydrofuran were distilled from
sodium metal/benzophenone ketyl. TLC was performed on silica gel
60 Fs4 and preparative flash column chromatography was performed
on 40uM silica gel. NMR spectra were obtained at _300 MHz_%br period of several months.
and at 75 MHz for'3C. The variable-temperature unit was calibrated Dipotassium Salt of 1-Cyclooctatetraenylnaphthalene @/2K*)
by the chemical shift difference of th#1 peaks of methanol as a 1H NMR (THF-dg, 25°C) 0 8.64 (d, 1H,J = 8.4 Hz), 7.68 (d 1Hj
function of temperature according to the method of Van Ge&he = 8.1 Hz), 7.51 (’d 1HJ = 6.9 Hz)’ 732 «d iHJ Z78 Hz)’ 72
temperature accuracy is estimated ta#°C. The free induction decay 5 4 (m, 3|_'|)’ 6.13 id’ 1H) = 11.4 Hz), 5.7—‘6.0 (M, 5H);3C 'NMR

signals were sampled with 32K data points. After zero filling and (THF-dg , —60°C) 0 158.4, 135.4, 134.1, 131.8, 129.4, 127.8, 124.6
Fourier transformation, the spectral resolution was typically in the range 15,4 ¢ 1’23 0. 1205 10ié 5 '3' 932' 231 8 .8'9 8 o - -

0f 0.2-0.5 Hz’pOiT“- ltalicized"C ‘chtlamical shifts are phose for,€ . Dipotassium Salt of 1,5-Dicyclooctatetraenylbenzene 22K ).
Cy and G-Cg, which undergo pairwise exchange during bond shift. 1H NMR (THF-ds, 25°C) é 8.34 (d, 1H,) = 7.8 Hz, H), 7.60 (d, 1H

Elemental analyses were performed by Midwest Microlab, Inc., J=8.4 Hz, Hy), 7.36 (d, 1H,J = 7.2 Hz, H), 6.96 (dd, 1H,] = 8.4
Indianapolis, Indiana. . 7.2 Hz, H), 6.8-6.9 (M, 2H, H, Hy), 5.4-6.1 (m, 14H);°C NMR
Synthesis 1-Cyclooctatetraenylnaphthaleng3). To a solution of (THF-ds, —40 °C) 6 159.4, 146.1, 140.0137.2 134.7 133.6,133.8
1-bromonaphthalene (1.035 g, 5.00 mmol).(Ba) (0.114 g, 0.125 133 1 (G, of COT), 132.6 131.8, 131.6129.1, 124.9, 124.7, 122.2
mmol), and AsP(0.306 g, 1.00 mmol) in 25 mL of anhydrous THF 175’5 1033 96.0. 94.3. 925 890 ' ' ' '
at 50°C under nitrogen was added NEnC_:O'F (.1'339 9 5'0.0 mmol)_ Disodium Salt of 1,5-Dicyclooctatetraenylbenzene {2/2Na"). *H
in 5 mL of dry THF. After 24 h the reaction mixture was diluted with NMR (THF-ds, 24 °C) 6 8.46 (d, 1H,J = 7.8 Hz, H;), 7.85 (d, 1H,J
50 mL of EtO and 50 mL of 50% saturated aqueous KF was added. _ 8.4 Hz Hl)&7 514 1H.,J 6 7,2 Hi o 7 B (’dd ,lH.J > 8’4 7,2
The mixture was stirred for 15 min and filtered, and the organic layer | IH) 6.0-71 (m oH H H )' 5461 ’(m. 14H)'13C NMR (THF
was washed with 2 50 mL of 50% saturated aqueous KFx250 ds ’_; ’oc') S i58 5’ 14(’5 1’ lZO JiSG 7 13’4 613:'3 5.133.2 133.1

mL of H;O, and 1x 50 mL of brine. The combined aqueous layers '
were extracted with 25 mL of ED and the combined organic layers g%SSOfggng;gz'gglslé% 2131'0129'1’ 124.2,124.5,122.2, 119.0,

were dried (MgSG@) and concentrated. The residue was dissolved in . ) .

200 mL of CHCl,/hexane ad 4 g of SG wasdded. The solvent was NI\/IIDI'I\’“t(r':'IIl:IIEi alégt(lz,)S(;Egcgzl?g Ciﬁ%trie; )éltﬁ: ka?e7(%é2(l_c; +)1|_l||j|]
then removed by rotary e\(aporation and the residue was chromato-_ 8.4 Hz, H) '7_33 (d 1H.,J = 6.'9 Hé H) .7_05 (’dd ’1H.J= 8'.4 6’.9
graphed on 50 g o_f SG with 10% GEll,/hexane to afford 772 mg Hz, Hy) 6’8—6’5 9 (brs ’2H W, Hy), 5 4—,6 1’(m 14H)"13C NMR (THF-
(67%) of a yellow oil: 'H NMR (THF-ds, 25°C) 6 8.30 (m, 1H), 7.80 e, ‘_26 0(':) 5 .159.1,'146‘.2,' 14(’).13.,36.%, 134'1 13é.6,133.2 133.1

gm_, 11H2) g'g“H(zd)' 15H;;]6:28(ﬁ'] HSZ&')7'357'45 (m, 3H), 7.27.(dd, IH. = of COT), 132.2 131.4, 131.1128.1, 124.7, 124.5, 122.0, 118.7,
=12, 6.0 Hz), 5.76.2 (m, SH). 103.2, 96.0, 89.5, 88.7, 86.0.

1,5-Dicyclooctatetraenylnaphthaleng2). To a stirred solution of Kinetic Methods and Error Analysis. All kinetic studies were

1,5-diiodonaphthalene (0.946 g, 2.50 mmol).(@da) (0.114 g, 0.125 - .
. performed with duplicate samples and the results were averaged. Rate
mmol), and AsPk(0.306 g, 1.00 mmol) in 25 mL of anhydrous THF constants were calculated with the equalien 1A Wexch, WhereAWeycn

at 50°C under nitrogen was added a solution of 1.339 g (5.00 mmol) . L . i
of MesSNCOT in 5 mL of dry THF. After 24 h 50 mL of BO was is the exchangg brogdenlng (in Hz) in the slow exchange région.
added followed by 50 mL of 50% saturated aqueous KF. The reaction S2h €ase the line width ofsQfor BS) or Gy (for the new exchange
. 1 by OUvosa q " process) was employed as a reference. The protocol for determining

mixture was stirred for 15 min and filtered, and the organic layer was ) ; ; -

. Wexch has been given previouslyFree energies of activation were
washed with Ix 50 mL of 50% saturated aqueous KFx250 mL of . - .

calculated from the rate constants by using the Eyring equétion.

H0, and 1x 50 mL of brine. The combined aqueous layers were The uncertainties in the rate constants were estimated from replicate

extracted with 25 mL of EO and the combined organic layers were measurements because differential error analysis yielded unreasonabl
dried (MgSQ) and concentrated. The residue was dissolved in 200 o YSIS ylelo . y
small uncertainties in the rate constants. For the line width studies, the

mL of CH,Clo/hexane ad 4 g of SG wasdded. The solvent was then dreplicate measurements gave errors in the rate constaat$s9fo for
removed by rotary evaporation and the residue was chromatographe fianion samples, which propagate #©.1 kcal/mol in AGY. The

on 50 g of SG with 5% CkLlz/hexane o afford 285 mg (35%) of a maximum error in these measurements is most likely due to temperature
X . " .
light yellow solid: TLC (10% CHClz/hexane) R= 0.2; mp 120.6- uncertainties (estimated to kel °C), although unknown chemical

120.5°C; IR 3558, 3480, 3400, 3072, 3043, 3008, 1642, 1504, 1370, . X - . S
808, 764, 680, 620 CM; UV e, (Cyclohexane= 300 nm ¢ 12 500); differences between ostensibly identical samples, magnetic field
H NMR’(THF’-ds 05 °’C) S 8m§X8 (Bé 2H,J = 8.7 Hz, Hy), 7.40 (dd’ instabilities, and variations in spectrometer electronics may also
2H,J=8.7, 6.9 Hz, H), 7.27 (d, 2HJ = 6.9 Hz, H), 5.8-6.2 (or m,  contribute. - . .

14H): 33C NMR (THF-ds , —15°C) 6 144.4, 141.6135.9 133.9,132.9 Computatlonal_ Methods. Ab initio moleculgr orbital calculations
132 8 132.7, 132.6132 3 (G of COT) 131’ 91265 (G4 126’0 ©) ' and geometry optimizations were performed using the GAUSSIAN98W

(HETCOR was employed to locate the overlapped Signaisi.5.) series of programs at the HF/3-2&&° level of theory. The eigenfol-
Anal. Calcd for GaHo: C, 93.94: H, 6.06. Found: C, 93.68: H '6.29 lower routine was employed to determine the critical points given

Preparation of NMR Samples of Dianions.Samples o2 /2M* (18) Sandstim, J. Dynamic NMR SpectroscopyAcademic Press:
and 3%7/2K* were prepared directly in custom-lengthened Wilmad London, 1982; pp 1418 and 93-97.
Ultra-Imperial 5 mm NMR tubes by reduction @for 3 with an alkali (19) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb,

metal. A small glass wool plug was inserted into the upper part of an M /. Cheeseman, J. R, zakizewski, V. G-, Montgomery, J. A, J\.
NMR tube containing2 or 3, THF-ds, and approximately L of tratmann, R. E.; Burant, J. C.; Dapprich, S.; Millam, J. M.; Daniels, A.

! D.; Kudin, K. N.; Strain, M. C.; Farkas, O.; Tomasi, J.; Barone, V.; Cossi,
cyclohexane. An excess of alkali metal was placed on top of the glass ;- cammi. R.: Mennucci. B.: Pomelli C.© Adamo. C.: Clifford. S.:

wool and the sample was degassed with 5 fregrenp-thaw cycles Ochterski, J.; Petersson, G. A.; Ayala, P. Y.; Cui, Q.; Morokuma, K.; Malick,
and sealed under an atmosphere of argon. For the potassium and sodiurD. K.; Rabuck, A. D.; Raghavachari, K.; Foresman, J. B.; Cioslowski, J.;
samples, a mirror of metal was formed by freezing the solution in liquid Ortiz, J. V.; Stefanov, B. B,; Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi,
nitrogen and heating the tube above the metal with a gentle flame. |-; Gomperts, R.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham, M. A;

Agitation of the tube to bring the metal into contact with the heated \'7\;3_ _n%,Oﬁr.]g(c;;]Ngnaéﬁlélzars\,/._A.\;VCéggzzR/lfz\)vC}.iACr:]g?ellg Cg_me_ ?'H’\g;d(-;(lélbfdo’\r/:'

glass produced a mirror. After cooling, reduction was initiated by .. Replogle, E. S.; Pople, J. AGaussian 98 Revision A.6; Gaussian,
inverting the tube to allow the solution to filter through the glass wool Inc.: Pittsburgh, PA, 1998.

plug and come into contact with the mirror. In the case of the lithium (20) (a) Pietro, W. J.; Francl, M. M.; Hehre, W. J.; DeFrees, D. J.; Pople,
J. A.; Binkley, J. SJ. Am. Chem. S0d982 104, 5039. (b) Dobbs, K. D.;
(17) Van Geet, A. LAnal. Chem197Q 42, 679. Hehre, W. J.J. Comput. Chenil 986 7, 359.
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in Table 5. Fully optimized geometries of the ground states and COT ~ Supporting Information Available: Rate constants and
ring inversion and bond rotation TSs were shown to have zero and temperatures for bond shift i and 22-/2M*, M = Li, Na,
one imaginary frequency, respectively, by analytical frequency analysis. g K (Tables S3S4), and the corresponding van't Hoff plots
(Figures S1-S4) (PDF). This material is available free of charge
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