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ABSTRACT

L

Alkyl, aryl, and alkynyl as well as heteroatom derivatives of sym-pentasubstituted corannulenes have been synthesized from sym-
pentachlorocorannulene. These units form potential building blocks for future work on superstructures based on corannulene. Absorption/
emission properties follow expected trends from the parent 1. sym-Pentasubstitution gives rise to variations in the chemical dynamics of bowl
inversion. van der Waals attraction is cited to explain an anomalously high barrier to bowl inversion in 10.

T

The 5-fold symmetry and novel electronic and dynamic  Formation of new carboncarbon bonds through the use
properties of corannulene make itym-pentasubstituted of palladium-catalyzed cross-coupling methods has become
derivatives attractive targets as building blocks for larger an extremely powerful synthetic toolAlthough relatively
molecular architecturé's: Regiochemical control and func-  unreactive partners in such chemistry, aryl chlorides represent
tional group generality are two hurdles to overcome in the an important pool of substrates for such methods and have
synthesis of superstructures such as dendrimers and discoticecently been the focus of extensive examinafigdong
liquid crystals based on the 5-fold symmetry of corannulene these lines, a general method for the conversion of the aryl
(1).2 Fortuitously, chlorination ot with iodine monochloride pentachloride into alkyl, vinyl/aryl, and alkynyl derivatives
yields sym-pentachlorocorannulérg2), thus providing a  is a key milestone in this area.

starting point for further synthetic transformation (Scheme  Synthesis.Previously, we reported the transformation of
1). The systematic conversion @finto a variety ofsym- 2 into sympentamethylcorannulen8)( via nickel-catalyzed
cross-coupling with trimethyl aluminum, in 33% yield.
Extension of this method to the formation of longer chain

Scheme 1 ) - .
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derivatives has now been accomplished by simple variation Direct nucleophilic aromatic substitution of chloro coran-
of the organoaluminum reagent (Scheme 2). TreatmeBt of nulenes is possible in the presence of good nucleophiles
without the use of a cataly$t!! We reported a series of
such reactions on 2,3-dichlorocorannuléh&cott and co-
Scheme 2 workers preparedympentakis(4-methoxyphenylthio)-coran-
Ar Alkyl nulene andsym-pentakis(2-naphthylthio)-corannulene from
Alkyl 2 and the respective thiolate in 1,3-dimethylimidazolin-2-
O?Q Ar Nio?jgggp), THE 2 NiCi]f;Sppp), DME OgQ Alkyl one (DMEU) at ambient temperature for 2 daysrom our

Ar.

Ar Alkyl O’ experience, the analogous reaction with sodium phenylthio-
Ar Alkyl late to formsym-pentakis(thiophenyl)corannuleri), or
Ar= @ 6, 49% O 9.38%  Akyl= . CHy 3 33% the more elaboratd 3, required a substantially elevated
A a reaction temperature (128C) (Scheme 4). Analogously,
. Q Ot 2 319 CoHs  4,51%
HiC. OCH
Hfj@ 8, 28% S%J%z 10,7% wCelhr 5 319, Scheme 4
o CI o SR
o . _ _ . O‘ o —BSH.NaH _ ‘Q .
with either triethyl- or trioctylaluminum in the presence of OO DMEU, 120°C, 1d
1,3-bis(diphenylphosphino) nickel(ll) chloride (Niippp)) cl 5 RS La
providessym-pentaethyl- (4) agym-pentaoctylcorannulene RZ @ 12, 38%
(5) in 51 and 31% vyield, respectively. s
In the case of aryl substituents, the zinc-based Negishi a/©/ T e
chemistry worked reasonably wéllThe synthesis osym-
pentaphenylcorannuleneg)( was achieved via nickel- e 14,37%

catalyzed cross-coupling with phenylzinc chloride in an
overall 49% vyield (cf. Scheme 2). In a similar manner, aryl
derivatives 7—9) were obtained in yields ranging from treatment of2 with sodium ethylthiolate in DMEU at 120
25-40%. The lower yield fod 0 (ca. 7%) likely results from  °C yielded sym-pentakis(1-thiapropyl)corannulerisd) in
the steric hindrance at the organometallic reaction center.37% yield.
In contrast to the arylzinc chemistry, similar reagents based Nucleophilic substitution with alkoxides proved to be more
on aluminum, magnesium, boron, and tin proved to be challenging. Reaction df with sodium diethyleneglycolate
unsuccessful for pentasubstitution. monomethyl ether in diethyleneglycol monomethyl ether
The above work demonstrated thaf smd s carbons required reaction temperatures of 18Q for 2 days to
could be installed selectively onto the corannulene rim in preparesym-pentakis(1,4,7-trioxaoctyl)corannuled®)(in
5-fold symmetry. Synthesis afym-pentakis-(trimethylsilyl-  41% (Scheme 5).
acetylene)corannulene (11) had been previously claimed by
Scott and ChengIndependently, we have found that TMS
acetylene in large excess can be coupled Ritlising the

Scheme 5
pincer catalyst of Eberhard et ato give 11 in good yield o on
(Scheme 3). Thus, the milestone of convertiginto ol RO,_=
ROH, NaH
O.Q Ol 150°6, 24, 41% O.Q OR
Cl RO
Scheme 3 < §Ong 15 OF
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The high reaction temperature combined with the strength
of the base/nucleophile raises the question of substitution
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via a Meisenheimer complé&xversus an aryne intermediate. Emission spectra were recorded for a number of deriva-
At first glance, it would seem that the high symmetry of the tives. The Stokes’ shift across the series was about 130 nm.
product (i.e., the regiospecificity of the reaction) would Thus, the emission wavelengths were reported primarily
exclude the aryne mechanism; however, stabilization of the between 420 and 450 nm. One exception was the emission
ortho anion, reminiscent of that seen in the Hart reacfion, from 13, which absorbed at a much longer wavelength and
could be a controlling factor. Specific evidence disfavoring gave a correspondingly longer emission.
the aryne mechanism comes from the regiospecific substitu- The bowl shape of corannulene and derivatives raises the
tion of 2,3-dichlorocorannulene by sodium diethylenegly- possibility of a dynamic process in which the bowl inverts
colate monomethyl ether to give 2,3-bis(1,4,7-trioxaoctyl)- and thereby exchanges the concave and convex faces of the
corannulene. An ortho anion-directed mechanism, analogousbowl. Previously we had demonstrated a structigeergy
to the Hart reaction, would have predicted a mixture of 1,3- correlation for bowl inversion that allows us to put these
and 1,4-disubstituted products, but that is not seen. Thereforeyesults into the context of “normal” behavior for such
it is a reasonable working hypothesis that the reaction systems2® Compounds4, 10, 14, and15 are useful for
mechanism proceeds through a Meisenheimer complex.  investigating the inversion barrier of the corannulene nucleus
Properties. Simple alkyl derivatives of corannuler#:-5, further by variable-temperatufél NMR.
display small red shifts of the—s* absorption band in the In the case o#, 14, and15, the enantiotopic methylene
UV—vis spectra of 9—10 nm, similar to that seen for alkyl protons become diastereotopic below a certain temperature.
substitution on benzene (Table 1). This red shift suggests aTherefore, dynamic NMR methods could be used to assess
the barriers to bowl inversion. By decoupling the protons
_ adjacent to the methylene closest to the corannulene nucleus,
Table 1. UV—vis Absorption and Emission Data fdr-1%* a simple AB to AA' coalescence anaIySis. was possile.
The ethyl @), ethylmercapto 14), and trioxaoctyl 15)

compd  absorption Zmax _emission imax __excitation substitutents gave rise to inversion barriers of 11.0, 10.5,
1b 251 421 247, 286 and 11.5 kcal/mol, respectivel§The values for the inversion
2 288 barriers of the alkyl, mercapto, and alkoxy compounds are
3 295 431 261, 297 consistent with the relative steric nature of a methylene
4 297 431 262, 298 group, a sulfur atom, and an oxygen atom.
5 298 433 263, 299 .
6 319 447 286, 321 In 10 we observe at room-temperature one singlet for each
7 324 452 201, 326 kind of proton, at 6.65 ppm for the phenyl ring proton and
8 308 440 273, 308 at 1.95 ppm for thertho-methyl group. Below the coales-
9 311 445 321 cence temperaturd{), we observe two singlets for each site,
10 305 439 262, 310 6.53 and 6.69 ppm for the ring protoii.(= 253 K) and
11 337, 366sn 474 337 1.49 and 2.34 ppm for thertho-methyl group (I = 268
12 e K). From the coalescence temperature and the the
ii ig? 508 254, 296,357 inversion barrier of the molecule can be calculated, 12.1 kcal/

15 308 433 274 mol in the case of the ring protons and 12.0 kcal/mol in the
case of theortho-methyl protond’”:'8 Thus, the inversion
barrier of10is about 0.5 kcal/mol higher than the calculated
barrier of 11.5 kcal/mol ford .12

The high barrier to inversion fdtO is anomalous, on the

slight increase of the electron density in the aromatic system, Pasis of the relationship bebtween bowl depth and barrier
Pentaphenylcorannuler,has a substantially larger red shift  N€ight, published previousfif? on the basis of that analysis,
of 31 nm, which suggests conjugation between the coran-One would have expected a barrier arounel® kcal/mol.
nulene nucleus and the phenyl substituents. As the stericP€nsity fU”Ct"g)rz‘?l computations at the B3LYP/cc-pVDZ
size of the ortho substituent on the aryl group increases, it €Vel of theory**®were carried out and predicted a barrier
is likely that the aryl ring will twist out of conjugation. The 0 inversion of 8.5 kcal/mol, substantially lower than what
decreasing red shift across the seri@s<(8 < 10) sup- was found experimentally. As reported in our earlier works,
ports this hypothesis. A large red shift of the-z* absorp- addition of dynamic correlation is essential for realistic
tion of the polyether-substituted corannuleticorrelates prediction of barriers in this system, and thus MP2/cc-pvDZ//
with the greater electron-donating power of alkoxy over B3LYP/cc-pVDZ computations were also performed. These
alkyl groups. The sulfur substituted corannuleb2s14 each
display a significant red shift in the—z* absorption com- (16) Woodward—Fieser Rules would predict a red shift for substitutents

. . in the order alkyl< alkoxy < mercapto= z-conjugation; see: Lambert, J.
pared to corannulene, a classical effect of sulfur substitu- B.; Shurvell, H. F.; Lightner, D. A.; Cooks, R. @rganic Strucutral

a Absorption/emission measurements in acetonitrile, wavelengths in
nm.? See ref 3.

tion.16 Spectroscopy; Prentice Hall: Upper Saddle River, New Jersey, 1998;
Chapter 11.
(17) Anet, F. A. L.Dynamic NMR Spectroscopfcademic Press: New
(14) Buncel, E.; Crampton, M. R.; Strauss, T. J.; TerrierEfectron York, 1982, Chapter 7.
Deficient Aromatic and Heteroaromatic-Base InteractioBisevier: New (18) In each of these experiments, temperature control is the single
York, 1984. largest source of error, and as such, we estimate the errortd®isekcal/
(15) Vinod, T.; Hart, H.J. Org. Chem1990,55, 881. mol.
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computations predicted a barrier of 14.6 kcal/mol, our most temperature, theH NMR spectrum displays only oratho-

realistic assessment of the barrier.

methyl group and oneneta-aryl hydrogen for the manisyl

One interpretation of this computational result is that the ring. Cooling to below 220 K gives rise to twartho-methyl
anomalous increase in barrier height is coming from van der and twometaaryl signals. From the coalescence temperature,

Waals (vdW) attractive forces among teredomethyl groups

the barrier to bowl inversion is calculated to be ca. 11.1 kcal/

in 10. These attractive interactions are not present amongmol.”-*8The lower barrier for the monomanisylcorannulene

the methyls of theexo face or the methyls in the transi-

compared to the parent corannulene dridiends further

tion state structure; therefore, breaking such “noncovalent” support to the idea that there exists some cooperative

bonds would contribute to the higher barrier to inversion
(Figure 1).

Figure 1. View of endo(left) andexo(right) faces ofl0. Methyl
hydrogens are colored red for emphasis.

In an attempt to follow up the anomalous dynamic
behavior 0fLl0, monomanisylcorannulene was prepared from
manisyl zinc chloride and bromocorannuléheAt room

(19) Structural computations were performed using hybrid density
functional methods (HDFT) using GUASSIANS® The HDFT method
employed Becke's three-parameter functidffalin combination with
nonlocal correlation provided by the Lee—Yang—Parr expred&idthat
contains both local and nonlocal terms, B3LYP. Dunning’s cc-pvdz

interaction among the substitutentslid. It is our belief that
the vdW attractive force provides the best basis to account
for all the facts so far collected.
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3s2pld/2s1p]) was us@ek Single-point energy computations were per-
formed on optimized structures using M®2lynamic correlation treatment
giving superior energetic barrier analysis. We have previously shown this
combination of methods is very reliable for these compoudfts.
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