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Abstract: 1,3,5,7,9-Pentakis(4-methoxyphenylthio)corannule®)e 1,3,5,7,9-pentakis(2-naphthylthio)coran-
nulene 4), and 1,3,6,8-tetrakis(4-methoxyphenylthio)corannuléig kave been synthesized by chlorination
of corannulene with ICI in CbCl, at 25 °C and subsequent nucleophilic aromatic substitution with the
appropriate sodium thiophenolate in DMEU at 5. 'H NMR titration studies demonstrate that these novel
bowl-shaped hosts form 1:1 complexes witf @ tolueneds solution with association constants of 454, 368,
and 280 M, respectively.

Introduction

5 Y
Organic chemists learned long ago that large, planar poly- -
cyclic aromatic compounds with electron-rich faces, like those
of benzene (Figure 1), form strong complexes with picric acid
and other planar partners that proffer electron-deficiefatces!
On the other hand, the geodesic polyarenes with cunvistes benzene e e
that have recently become availablare geometrically ill- _ _ _
disposed to complex with planar partners. Indeed, corannulenefigure 1. Electros_tatlc po_tentlal maps on the surface of penzene and
(1) forms only a weak complex with picric adidnd with other coranpulene (densny functlongl theory: BP/DN**). The regions of most
planar, electron-deficient-system¢. For optimal face-to-face negative eIec;ro;ta(&jtnEIpotentlal are shaded red, and the most positive
contact, the partner for a geodesic polyarene such as corannuleng J'0"® 8re shaded biue.
should possess a geometrically complementary curved Surface'calculations (AM1) predict a more negative electrostatic po-
In addition, to provide a strong intermolecular attraction, the tential on the convex-surface than on the concawesurface
interacting faces of the two partners should also be electronically . .
complementary; i.e., if one surface is electron rich, the other of corannu!ene and_ of other geoo_|e5|c polyaren(if, wher_eas higher
should be electron deficient, just as in the case for two planar Igvel density fungtlonal calcylatlons (pBP/DN**) predict pre-
partners. Herein we report the first examples of complexation CiS€y_the opposite propertiésTo date, there has been no.
between derivatives of a geodesic polyarene aggd C gxper!mental test of these p.redlptlons; howevef, the explicit
For planar aromatic compounds such as benzene, the twoinclusion of electron correlat|o_n in density functional the_zory
n-faces necessarily exhibit identical electronic character as aProbably makes the latter predictions more trustworthy (Figure
consequence of the molecular symmetry. For geodesic poly-1)- Regardless of which-face is the more electron rich and
arenes such as corannulene, however, the electronic charactefhich is the more electron deficient, of course, the two must
of the concave and convex-faces must be different. In  be electronically complementary. Consequently, the face-to-face
principle, they cannot be the same. Qnéace must be more  interaction of a convex-surface with a concave-surface will
electron rich than the other, although which face is which may be energetically favorable.
not appear intuitively obvious. As we have noted before, even  Since the degree of curvature at the van der Waals surface
theoretical calculations give different answers to this question, on the concaver-face of corannulene exceeds that of the

depending on the level of theory employe@&emiempirical  ynderlying polyatomic framework, the best convex guest for
* To whom correspondence should be addressed. E-mail: Iawrence.scott@thiS geodesic polyarene should have a greater degree of curvature
bc.edu. Phone: 617-552-8024. Fax: 617-552-6454. than corannulene in its polyatomic framework. In this respect,
Igﬂgggg"goﬂgg’:fs'w of Newfoundland. Ceo appears nearly ideal. The fact that corannulengHg)
(1) Review: Parini, V. PRuss. Chem. Re1962 31, 408, forms a stable complex with ¢g)" in the gas phase [¢6H10)",
(2) (@) Mehta, G.; Rao, H. S. Hetrahedron199§ 54, 13325-13370. m/z 970, eq 1] confirms that these two curveesurfaces are

(b) Scott, L. T.; Bronstein, H. E.; Preda, D. V.; Ansems, R. B. M.; Bratcher, geometrically well matcheland solution studies with calix-
M. S.; Hagen, SPure Appl. Chem1999 71, 209-219, and references

therein. arenes have demonstrated that even neuggalsCsufficiently
(3) Lawton, R. G.; Barth, W. EJ. Am. Chem. Sod.971 93, 1730~
1745. (6) Molecular orbital calculations were performed using the Spartan
(4) Preda, D. V. Ph.D. Dissertation, Boston College, 2001. program from Wavefunction, Inc., Irvine, CA.
(5) Klarner, F.-G.; Panitzky, J.; Preda, D.; Scott, L.JI.Mol. Model (7) Becker, H.; Javahery, G.; Petrie, S.; Cheng, P. C.; Schwarz, H.; Scott,
200Q 6, 318-327. L. T.; Bohme, D. K.J. Am. Chem. S0d.993 115 11636-11637.
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Figure 2. Proposed mode of complexation betweeg &nd coran-
nulene derivative8 (not an X-ray structure).

electron deficient to bind to suitably constituted, “bowl-shaped”
cavities that are lined with converging electron-rich surféces.
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Syntheses.To reinforce the anticipated attraction between
the concaver-surface of corannulene and the convesurface
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synthesized from perchlorocorannuléfébut this more highly
congested derivative showed no evidence by NMR spectroscopy
for complexation with Go.
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When the synthesis & was run on a relatively large scale
and the crude product was carefully chromatographed, three
tetrakis(4-methoxyphenylthio)corannulene isometb—7b)
were obtained as minor byproducts, in additio8t&resumably,
these tetrasulfides are all derived from small amounts of the
corresponding tetrachlorocorannulengs<7a) carried through
as contaminants from the chlorination reaction (eq 2). The
structures of isomer6b and 7b were tentatively assigned on
the basis of theitH NMR spectra, but only th€ssymmetric

SAr

Cl
NaSAr
B ——

DMEU
25°C

@)

of Ceo, We prepared several corannulene derivatives bearing tetrakis(4-methoxyphenylthio)corannuleBb was fully char-

electron-rich arms capable of embracing the fullerene (Figure
2). The high solubility of G in anisole (5.6 mg/mL) and in
chloronaphthalene (51 mg/mL) relative to that in benzene (1.7
mg/mL) guided our choice of side chaihs.

Initial functionalization of the corannulene perimeter was
accomplished by chlorination with ICI in G&l, at 25 °C,
which gave 1,3,5,7,9-pentachlorocorannule®)eas the major
product (eq 2). We first discovered this surprisingly selective
chlorination many years ag8,and others have since usedii,
but the origin of its high selectivity remains obscure.

cl
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—_— +
d‘j oty d‘j o @
25°C Cl (minor)
cl
1 2

Many polyfluoro- and polychloroaromatic hydrocarbons are
known to undergo nucleophilic aromatic substitution reactions
with thiolates in polar aprotic solvent$,and 1,3,5,7,9-pen-
tachlorocorannulene2) also reacts in this mannét.Thus,
treatment o with sodium 4-methoxyphenylthiolate in DMEU
at 25°C gives 1,3,5,7,9-pentakis(4-methoxyphenylthio)coran-
nulene 8), and the corresponding 1,3,5,7,9-pentakis(2-naphth-
ylthio)corannulene4) is easily prepared by the same method
(eq 3). Decakis(4-methoxyphenylthio)corannulene was likewise

(8) (a) Georghiou, P. E.; Mizyed, S.; Chowdhury,T&trahedron Lett.
1999 40, 611. (b) Mizyed, S.; Georghiou, P. E.; Ashram, B.Chem.
Soc., Perkin Trans200Q 2, 277, and references therein.

(9) Ruoff, R. S.; Tse, D. S.; Malhotra, R.; Lorents, D.XCPhys. Chem.
1993 97, 3379-3383.

(10) Cheng, P.-C. Ph.D. Dissertation, Boston College, 1996.

(11) Seiders, T. J.; Baldridge, K. K.; Elliott, E. L.; Grube, G. H.; Siegel,
J. S.J. Am. Chem. S0d.999 121, 7439-7440.

(12) Baird, T.; Gall, J. H.; MacNicol, D. D.; Mallinson, P. R.; Michie,
C. R.J. Chem. Soc., Chem. Commu®88 1471-1473, and references
therein.

acterized and used for complexation studies with. @ (+)-
mesomeric effect from the sulfur atoms is expected to release
electron density into the benzene rings, thereby enhancing the
m—z interactions between the electron-rich aromatic rings and
the electron-deficient § guest.
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Complexation Studies.Supramolecular complex formation
between G and the geodesic compounds4, and 5b was
studied usingH NMR spectroscopy? For the 1:1 complexation
process betweenggand4 in solution (eq 4, for example), the

(13) Decachlorocorannulene was prepared by direct chlorination of
corannulene: Scott, L. TPure Appl. Chem1996 68, 291—300.

(14) Rai, A. K. M.S. Thesis, Boston College, 1997.

(15) Fielding, L.Tetrahedron200Q 56, 6151.
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Figure 3. Double reciprocal (BenesiHildebrand) plot of'H NMR
chemical shift data for the &4 system in toluenels at 298 K.
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Figure 4. x-Reciprocal plot (FosterFyfe) of tH NMR chemical shift
data for the Gu:4 system in toluenes at 298 K.

association constamfassoc(€q 5) can be determined using the
NMR version of the BenesiHildebrand treatment (Figure
3),1617 which has also been referred to as the Mathar
Hanna-Ashbaugh® treatment>

Coo+ 4 = Cgod

[Coo:41/([C el -[4])

(4)

K o= (5)

assoc

Mizyed et al.

Table 1. KassocValues (M1) for Ceo Complexes with3, 4, and5b
in Tolueneds at 298 K&

complex method run Ir9) run 2 (?) average
Ceo:3 A 440440(0.99) 468t 16 (0.99) 454t 30
B 479+ 33(0.96) 468L 22(0.99) 474k 28
Cooi4t A 359410(0.99) 377+18(0.99) 36&k 15
B 3624 16 (0.99) 353k 34 (0.96) 358t 27
Co0'5b A 286431(0.99) 274L25(0.99) 280k 28
B 2844 40 (0.85) 329 37 (0.92) 306k 38

2 Note: method A is the double reciprocal treatment (Figure 3), and
method B is thex-reciprocal treatment (Figure 42 is the correlation
coefficients obtained from the linear regression analysis of the respective
plots.
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Figure 5. Plot of chemical shift changedf) versus mole ratio 6]/
[3] for protons H_q of 3 in tolueneds.
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Figure 6. Plot of chemical shift changedf) versus mole ratio [6s)/

. . . 4] for protons H-p, of 4 in tolueneds.
In our case, since the amounts of host materials were limited, [4] for p Heo 8

and following the requirements for the Beneslildebrand
treatment, we also used the FostEyfe method (eq 6% which

chemical shifts of all four sets of protons in h@sit is evident
that proton “H” on the corannulene moiety is shielded by,C

Fielding!® has described as being more appropriate for calculat- whereas the aromatic protons ¢Hand “H¢' on the aryl

ing Kassoe IN €9 6 ,A0 is the change in chemical shift(s) of

ACS/I:CGO] = _Kas:soé&(5 + Kassoéxamax (6)
protons of the host molecule induced by the addition gf, C
with respect to uncomplexed host. A plot 4B/[Cso] against
AJ (also referred to as anreciprocal plot) for the complexation
of Cgo with 4 in tolueneeds is shown in Figure 4. The value of
—Kassocis determined from the slope, amtbmax is obtained
from the intercept by extrapolation of thereciprocal plot to
infinite dilution. Table 1 lists the values dassocat 298 K
determined for @ with each of host compounds 4, and5b
in tolueneds.
The stoichiometry of the complex in each solution in the

substituents are deshielded and exhibit somewhat larger changes
in their chemical shifts. These observations are consistent with
a complex in which the g3 guest is included deep into the cavity
of 3 (Figure 2), and the relatively small changes seen in the
chemical shift for the methyl protons on the more remote
methoxy groups provide additional support for this view. The
corresponding mole ratio plots for hogtand5b are shown in
Figures 6 and 7, respectively.

In the weaker complexes, with hostsand 5b, the protons
on the corannulene moiety are less strongly affected by ghe C
This observation may signify that thedits higher above the
bowl in these complexes, interacting predominantly with the
aryl substituents protruding from the;Symmetrical corannu-
lene scaffold. In hos#, not all of the aromatic protons are

concentration range examined was determined to be 1:1 usingaffected to the same degree by the complexeg anly the
a mole ratio method. Figure 5 shows the mole ratio plot for the protons on carbon 1 of the naphthalene units experience any

(16) Benesi, A.; Hildebrand, J. H.. Am. Chem. Sod 949 71, 2703.

(17) Mizyed, S.; Ashram, M.; Miller, D. O.; Georghiou, P. E.Chem.
Soc., Perkin Trans. 2001, 1916-1919.

(18) Mathur, R.; Becker, E. D.; Bradley, R. B.; Li, N. C.Phys. Chem.
1963 67, 2190.

(19) Hanna, M. W.; Ashbaugh, A L1. Phys. Chem1964 68, 811.

(20) Forster, R.; Fyfe, C. Al. Chem. Soc., Chem. CommaA65 642.

significant deshielding. Such a localized effect suggests that
these protons may be influenced by thg @rrough relatively
weak “edge-to-face” interactiofisof the naphthyl groups, in
contrast to the more extensive “face-to-face™s stacking

(21) Beer, P. D.; Gale, P. A.; Smith, D. iupramolecular Chemistry
Oxford University Press: New York, 1999.
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0.0% q o dissolved in anhydrous ethyl alcohol (1.0 mL) at room temperature
R : . o He over a period of 30 min. The thiol (0.01 mol) was then added slowly,
. 0034 o0 2 2 a > ¢ * fHa and the resulting solution was stirred for anethe h at room
= e g 2 22 " . o Hb temperature. Evaporation of the solvent under reduced pressure gave a
§ 0.00 i - 2 P 2 Hid solid that was washed several times with ethyl ether, isolated by
< . s § It : : o o o filtration, and dried under vacuum to give the desired sodium thiolate
001 4 * He as a colorless solid (store under nitrogen).
a g 1,3,5,7,9-Pentakis(4-methoxyphenylthio)corannulene (3),3,5,7,9-
-0.03 T T ; ; ; ) LWi/e Pentachlorocorannulene (100 mg, 0.237 mmol) and sodium 4-meth-
0.0 0.5 1.0 15 20 25 10 oxybenzene thiolate (385 mg, 2.37 mmol), prepared as above from
) 4-methoxythiophenol, were stirred in 10 mL of 1,3-dimethylimidazo-
[Co)/1Sh] lidin-2-one (DMEU) at room temperature under nitrogen for 48 h. The
Figure 7. Plot of chemical shift changed) versus mole ratio [/ deep yellow solution was then added to toluene (50 mL), washed with
[5b] for protons H.g of 5b in tolueneds. water (3x 100 mL) and saturated NaCl solution, dried over MgSO

and concentrated to dryness under reduced pressure. The yellow residue

was chromatographed on silica gel using diethyl ether/petroleum ether
interactions possible with the smaller aryl substituents in (1:1) as eluent to afford 110 mg (50%) of 1,3,5,7,9-pentakis(4-
compound3. From our earlier findingson the relatively strong methoxyphenylthio)corannulene as a yellow solid: mp 180dec;
complexation of G with calix[4]naphthalenes, we had expected *H NMR (300 MHz, CDC}) ¢ 7.66 (s, 5H), 7.30 (dJ = 9.0 Hz, 10H),
host4 to bind Gsp more strongly than the other hosts studied 6.84 (d,J = 9.0 Hz, 10H), 3.84 (s, 15H}3C NMR (75 MHz, CDC})
here G and 5b), however, steric constraints in Compound 6 160.25, 138.10, 135.83, 134.86, 131.76, 126.66, 125.38, 115.76,
presumably prevent the naphthyl groups from lining up to allow 56.07. HRMS: Calcd for §H40S50s (M ™), 940.1479. Found: 940.1479.

good face-to-face— stacking interactions with the-system 1.3,5,7,9-Pentakis(2-naphthylthio)corannulene (4]L,3,5,7,9-Pen-
of Ceo tachlorocorannulene (100 mg, 0.237 mmol) and sodium 2-naphthylthi-

olate (431 mg, 2.37 mmol), prepared as above from 2-naphthalenethiol,
were stirred in 10 mL of 1,3-dimethylimidazolidin-2-one (DMEU) at
room temperature under nitrogen for 48 h. The deep yellow solution
The degree of curvature on the concave face of corannulenewas then added to toluene (50 mL), washed with watex (B00 mL)
at the van der Waals surface closely matches that on the conveyand saturated NaCl solution, dried over MgS@nd concentrated to
face of Gy at its van der Waals surface. Thus, the two ring dryness under reduced pressure. The yellow residue was chromato-
systems are geometrically well suited to make good face-to- graphed on silica gel using diethyl ether/pet_roleum ether (l_:9) as eluent
face contact. Furthermore, these twsurfaces are electronically ~ © afford 135 mg (55%) of 1,3,5,7,9-pentakis(2-naphthylthio)corannu-
complementary, the concave face of corannulene being electronl(;egeg‘;’;S ayellow solid: mp 172L74°C; "H NMR (500 MHz, CPCI’)
. . 9. .94 (s, 5H), 7.78 (dJ = 8.0 Hz, 5H), 7.77 (s, 5H), 7.59 (d,= 7.5
rich ar}d the convex faqe of 6 belng electron def|.C|ent, Hz, 5H), 7.53-7.49 (m, 15H), 7.25(d] = 8.5 Hz, 5H):2H NMR (500
according to density functional calculations. Electron-rich arms iz, tolueneds) o 8.16 (s, 5H), 7.62 (s, 5H), 7.41 (d,= 7.5 Hz,
on the corannulene capable of embracing i@ the donor 5H), 7.16-7.11 (m, 25H). HRMS (APCI): Calcd for@HaSs (M*+1),
acceptor complex would be expected to enhance the attractive1041.1810. Found: 1041.1765.
noncovalent interactions between these partners. The 1:1 1,3,6,8-Tetrakis(4-methoxyphenylthio)corannulene (Sb)When the
complexes betweenggand the corannulene thioethe3s4, above synthesis of 1,3,5,7,9-pentakis(4-methoxyphenylthio)corannulene
and5b described here constitute the first reported examples of (3) is performed using pentachlorocorannulene that is still contaminated
Comp'ex formation between geodes|c po|yarene derivatives andWlth tetrachlorocorannulenes, the three tetraki5(4'methOXypheny|thiO)'
another curvedr-surface. Comparisons of the NMR data for corannulenessp, 6b, and 7b) are formed as byproducts. Column

these three complexes indicate that thg, @teracts most chromatography on silica gel using diethyl ether/petroleum ether (1:1)
stronal ith the corannulene moiety in hest as eluent gives a mixture of the two unsymmetrical tetrakis(4-
gly wi u ety | methoxyphenylthio)corannulene6b( and 7b) in the fastest moving

Experimental Section band, and the second fraction contains 1,3,5,7,9-pentakis(4-methoxy-
phenylthio)corannulene3). The third band contains 1,3,6,8-tetrakis-

1,3,5,7,9-Pentachlorocorannulene (2) 200 mg (0.8 mmol) sample  (4-methoxyphenylthio)corannulengl)): *H NMR (400 MHz, CDCH)

of corannulene was added to 10.0 mL (10.0 mmol) of a 1.0 M solution 6 7.93 (s, 2H), 7.71 (s, 2H), 7.43 (d,= 8.8 Hz, 4H), 7.40 (s, 2H),

of iodine monochloride (ICI) in methylene chloride at room temperature, 7.32 (d,J = 8.8 Hz, 4H), 6.90 (dJ) = 8.8 Hz, 4H), 6.85 (dJ = 8.8

and the resulting purple suspension was stirred at room temperatureHz, 4H), 3.84 (s, 6H), 3.82 (s, 6H}*C NMR (100 MHz, CDC}) ¢

for 48 h. The reaction mixture was then washed with 5% aqueous 159.82, 159.64, 137.79, 136.56, 136.21, 135.47, 134.30, 134.17, 133.99,

sodium thiosulfate (2 50 mL), 10% hydrochloric acid (2 50 mL), 131.60, 131.34, 130.80, 127.78, 126.65, 126.42, 125.61, 125.17, 115.37,

and saturated brine (2 50 mL) to give a yellow suspension of the  115.25, 55.60, 55.57. HRMS: Calcd forgB3,5,:04 (M™), 802.1340.

crude product in methylene chloride. The solvent was removed under Found: 802.1340.

reduced pressure, and the resulting yellow solid was thoroughly digested Complexation Measurements.Cso (99.5%) was purchased from

in 50 mL of hexane. The hexane was carefully removed with a Pasteur Sigma-Aldrich. All 'H NMR spectra were recorded at 298 K on a

pipet, and the process was repeated several times, first with hexaneBruker Avance Instrument at 500 MHz, using a 16K data table for a

and then with methylene chloride to leave a pale yellow solid. The 10.0 ppm sweep width having a digital resolution of 0.321 Hz. The

material thus obtained consisted predominantly of 1,3,5,7,9-penta- solvent was toluends (99.6%) purchased from Cambridge Isotope

chlorocorannulene2j, contaminated by small amounts of the sym- Laboratories, Inc. Mass determinations were performed on a CAHN-

metrical tetrachlorocorannulerga, two unsymmetrical tetrachloro- 27 electromicrobalance capable of mass determinations<td6 ¢ g.

corannulenessp and5c), and some hexachlorocorannulenes. Recrystalli- To obtain the association constartssoccorresponding to complex

zation from diphenyl ether gave 135 mg (40%) of pure 1,3,5,7,9- formation, changes in the chemical shiftsd) as a function of [G]

Conclusions

pentachlorocorannulene as a pale yellow solid: mp-482 °C; H were determined. Approximately 1.000 mg amounts of the host
NMR (400 MHz, GD¢/CS,) 6 7.99 (s, 5H);°C NMR (100 MHz, compound 8, 4, or 5b) were dissolved in 1.00 mL of toluergg-in an
DMSO-ds, 100 °C) too insoluble to give signals. HRMS: Calcd for NMR tube, to which were added portions ofCapproximately 0.100
CyoHsCls (M), 419.9833. Found: 419.9836. mg amounts). After sonication for 15 min to dissolve all of thg, C
General Procedure for Preparation of Sodium Thiolates (RSNa). the NMR data were collected. At least 80 data points were collected

Under a nitrogen atmosphere, 230 mg (0.01 mol) of sodium metal was for each run, and each run was conducted in duplicate. The changes in
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chemical shifts £d) were plotted against [§g for each run, and the the slopes and intercepts of these plots, which were obtained from
resulting mole ratio plots (see FiguresB) level off at around a 1:1 nonlinear regression analysis using Sigmaplot v3.0.

ratio of Csp and3, 4, or 5b, indicating the formation of a 1:1 complex Acknowledgment. We thank the National Science Founda-
In each case. To calculatssocvalues, the slopes and the intercepts o “the Natural Sciences and Engineering Research Council
obtained from linear regression analyses of both the Betiéikiebrand of Canada (NSERC), and the Memorial University of New-
“linear double reciprocal” plot and the Fosteryfe “x-reciprocal” plot foundland for financia] support of this work and Dr. J. Banoub
method were used (Figures 3 and 4, respectively). The correlation Fisheries and Oceans, Canada, Special Projecis,. St Johr’l’s,

coefficients obtained from the Benedilildebrand plots were slightly
superior to those obtained with the Fostéwyfe plots (Table 1). The Newfoundland, Canada, for the APCI-MS of compouhd

uncertainties irKssocvalues were calculated from the uncertainties in - JA016761Z



