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Aromaticity and Curvature in Heteroacepentalenes
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Heteroatom-substituted acepentalene derivatives which are isoelectronic with the known acepentalenediide
dianion are nonplanar, fused aromatic tricycles which are hemifullerenes of the correspongling C
heteroanalogue. Depending on the number and position of heteroatoms, they may be anionic, neutral, or
cationic. A nucleus-independent chemical shift study indicates that substitution of the central carbon of
the acepentalenediide system with N or O results in a substantial increase in aromaticity. Peripheral aza
substitution on the other hand tends to increase curvature and decrease aromaticity. Alkylation or
protonation at the central position of asymmetrically substituted heteroacepentalenides leads to chiral,

bowl-shaped, 18 aromatic species.

Introduction

Aromatic systems which are distorted from planarity have
long been objects of theoretical interest. Classic examples

include paracyclophanégeri-substituted acenéselicenes,
cyclacene$, bridged annulenesand highly substituted por-

phyrins® The advent of fullerenes and carbon nanotubes has
precipitated nothing short of a frenzy in the study of curved

aromatics, and molecules such as corannulene and relate
polycycles which can be mapped onto the surface of fullenenes

have consequently also enjoyed much attentionthis context,
the recent observation of the;fullerenel was of particular
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interest to u$. The simplest nonplanar “clipping” ofl is
acepentaleng,® an unstable, antiaromatic molecdfeAdding
two electrons t@ however gives the aromatic acepentalenediide
dianion3, the dilithium salt of which has been prepared by de
Meijere and co-workers by a remarkable superbase-induced
dehydrogenation of triquinacede! An X-ray crystal structure
showed3 to possess a gentle curvature, a morphology which
epresents a compromise between the maximizationabital
verlap and the puckering expected from the trefoil fusion of
three five-membered rings. Recently, we described an aza
analogue of3, i.e. the aromatic azaacepentalenide anton
(Figure 1), which could be prepared by N-oxidation of aza-
triquinacenes followed by treatment with bas@.Anion 6 is a
two-electron reduced north-polar clipping fromgS, a fullerene
so far known only to theorist$. Systems such a3 and6 are

(9) The IUPAC name for acepentaler® (s cyclopentaid]pentalene.
Nomenclature conventions for the heterotricylic systems vary. The trefoil
fusion of three aromatic molecules with nitrogen at the center was given
the common namen[n,njcyclazine by Boekelheide in 1959 (Windgassen,
R. J., Jr.; Saunders, W. H., Jr.; Boekelheide JVAm. Chem. S0d.959
81, 1459). The IUPAC name fd& is pyrrolo[2,1,5ed]pyrrolizinide, whereas
8 is 2a,6b-diazacyclopent@&]|pentalene. For simplicity, the common
acepentalene root name is used in this paper, along with the IUPAC
numbering scheme shown for structie

(10) Haag, R.; Schroder, D.; Zywietz, T.; Jiao, H.; Schwartz, H.; Schleyer,
P. v. R.; de Meijere, AAngew. Chem., Int. Ed. Endgl996 35, 1317.

(11) (a) Lendvai, T.; Friedl, T.; Butenschon, H.; Clark, T.; de Meijere,
A. Angew. Chem., Int. Ed. Endl986 25, 719. (b) Haag, R.; Fleischer, R.;
Stalke, D.; de Meijere, AAngew. Chem., Int. Ed. Engl995 34, 1492.

(12) Mascal, M.; Cero Bertran, JJ. Am. Chem. So2005 127, 1352.

(13) Schrier, J.; Whaley, K. Bl. Phys. Chem. 2006 110, 5386.
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level of theory as for optimization. All calculations were carried

o e 20
@ . , @ @ out using the Gaussian 03 program using default SCF convergence
h o criterial®
S AT
1 2 3 4 5

Results and Discussion

fused aromatics consisting ofrélectron five-membered aro- Taking the known 10-azaacepentalen&ié as the starting
matic rings, 1@-electron pentalenediide-based aromatic rings, point, there is only one other monoaza isomer of the acepen-
and a 1@-electron nine-membered peripheral aromatic ring. In talene ring system which can be aromatic without invoking a
this work, we examine the aromaticity and curvature of the dianionic state, i.e., 2a-azaacepentalénroblems associated
acepentalene, acepentalenide, and acepentalenium species whisth the modeling of acepentalenedii@eand aza congeners
result from heteroatom substitution into the acepentalenediidethereof will be discussed later in the paper. Two neutral
system, as well as the effect of increasing electron withdrawal diazaacepentalen8sand9 and four diazaacepentalenides—

on the protonation energy of the aromatic anions. We also isolate 13 are possible by systematic variation of the position of the
the 107 perimeter of the tricycle by substitution at thentro two nitrogens around the tricycle. There are 25 possible
atom, which leads to chiral, bowl-shaped aromatic molecules. triazaacepentalenes, of which 6 are neutral, 13 are monoanionic,
4 are dianionic, and 2 are cationic. This study is limited to
neutral, monoanionic, or cationic isomers with a central nitrogen

€] S}
PN /NN / N/\B (14—21), except in the case of cati@2. Finally, the symmetric
@ ‘\’) N NN tetra- @3), hepta- 24), and octaaza-26) species were also
\_/ — examined.
6 7 8 9 10 The chemistry of these nonbenzenoid aromatics is largely

uncharted. A literature search beyond compouBidand 6
reveals that none of the other parent ring systems is known,
although in a few cases substituted versions thereof have been

-N

/N / E/\\N described. Thus, a diazaacepental8wéth a phenyl group at
\ \ the 2-position was synthesized as early as 1966 but only
1 s characterized by combustion analysi# series of more highly

substituted derivatives & have since been prepar&dBen-
zannulated and otherwise polysubstituted diazaacepentdlenes
were reported in 1995 and multiply annulated derivatives of
13 appear in a recent Japanese paterfinally, alkyl bis-
(carboxylic ester)-substituted versionslefare also knowi!
Only in the cases of the substituted analogue8 ahd 14 is

19 20 the aromaticity of the system remarked upon, and in no case is
their nonplanar character noted. Partially or completely saturated
versions 0f7,22 10,22 15,24 and 2225 have also been reported.

@ ® © N N N NerioN The aromaticity of6—25 was evaluated by the nucleus
m f)N:\B N ) N’/T\\N N E W independent chemical shift (NICS) criterion described by
N\;,/N N\;/N ‘(__,‘ X X7 Schleyer and co-workef8. The ghost atoms used in this

N N—N N—N procedure were pladel A above and below the centroid of
2 2 B 2 2 each unique five-membered ring. Although chemical shift values
FIGURE 1. Structures of azaacepentaler@es25. on both the exo and endo faces of the bowls are given

(Table 1), those measured on the endo face are strongly
influenced by the degree of curvature of the bowl. For this
Methods reason, the corresponding NICS values of the planar transition

structures for bowl-to-bowl interconversion were also calculated
Geometry optimizations were performed at the B3LYP density

functional level of theord# using the 6-31%+G(d,p) basis set. . — . .

Symmety was used where possible to simplfy calculations afer {16) Saussian 03, Revison 804 Gaussan, i, Walingors CT.
it was verified that test optimizations performed in the absence of g5 1385,

symmetry resulted in virtually identical structures. Vibrational (18) (a) Ikemi, Y.; Uchida, T.; Matsumoto, KChem. Expres499Q 5,
frequencies were calculated in order to characterize stationary points841. (b) Albini, A.; Bettinetti, G.; Minoli, GHeterocycles988 27, 1207.
as either minima or transition states on the potential energy surface (19) El-Shafei, A. K.; Soliman, A. M.; Sultan, A. A.-R.; El-Saghier, A.
and to apply zero-point energy corrections where relevant. NMR M- M. Gazz. Chim. tal1995 125 115.

- AN . (20) Takahashi, T.; lizumi, Y. JP Patent 2000268962, 2000.
magnetic shielding tensors were calculated using the gauge- (31)koga, H.; Hirobe, M.: Okamoto, Tretrahedron Lett1978 1291.

independent atomic orbital (GIAO) methédapplying the same (22) Anderson, A. G., Jr.; Wade, P. @.Org. Chem1978 43, 54.
(23) Abe, N.; Fukazawa, Y.; Hirai, Y.; Sakurai, T.; Urushido, K.; Kakehi,
A. Bull. Chem. Soc. Japah992 65, 1784.

(14) (a) Becke, A. DJ. Chem. Physl993 98, 5648. (b) Becke, A. D. (24) Man, S.; Kulhaek, P.; Potéek, M.; Ne@s, M. Tetrahedron Lett.
J. Chem. Phys1993 98, 1372. (c) Lee, C.; Yang, W.; Parr, R. Bhys. 2002 43, 6431.
Rev. B 1988 37, 785. (d) Stephens, P. J.; Devlin, F. J.; Chabalowski, C. (25) Blake, A. J.; Danks, J. P.; Li, W.-S.; Lippolis, V.; Schroeder,d\.
F.; Frisch, M. JJ. Phys. Chem1994 98, 11623. Chem. Soc., Dalton Tran200Q 3034.
(15) Wolinski, K.; Hinton, J. F.; Pulay, B. Am. Chem. So499Q 112 (26) Chen, Z.; Wannere, C. S.; Corminboeuf, C.; Puchta, R.; Schleyer,
8251 and references therein. P. V. R.Chem. Re. 2005 105 3842.
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TABLE 1. Symmetry, Deviation from Planarity (dp, A), NICS Values (ppm), Bowl Conformer Inversion Energies (kcal mot?), and
Protonation Energies (kcal mol?)

symmetry dpa N|CS(ex0) b N|CS(p|anar)b N|CS(endo) b E(inv) E(prot)
6 Cay 0.390 —9.64 —11.45 —13.85 0.59 —333.5
7 Cs 0.705 —6.23 —7.86 —12.57 6.47 -
8 Cs 0.535 —9.25 —11.59 —13.96 2.08 -
9 Cs 0.716 —5.96 —8.04 —11.37 7.24 -
10 C 0.507 —9.28 —11.18 —14.46 1.55 —329.4
11 C 0.754 —6.00 —7.75 —12.70 7.93 -
12 Cy 0.780 —6.09 —=7.77 —12.97 9.18 -
13 C 0.775 —6.01 —7.78 —12.73 9.06 -
14 C 0.603 —8.78 —11.62 —14.26 3.12 -
15 Cy 0.629 —8.78 —11.42 —14.18 3.87 -
16 C1 0.619 —8.55 —11.36 —13.84 3.63 -
17 Cs 0.591 —9.09 —11.20 —15.07 2.82 —317.6
18 C 0.598 —8.87 —11.14 —14.88 2.93 —325.5
19 Cs 0.607 —8.93 —11.13 —15.19 3.23 —326.5
20 Cs 0.603 —8.84 —11.10 —14.83 2.98 —324.2
21 Cs 0.628 —8.40 —11.12 —13.17 4.26 -
22 Cay 0.670 —5.96 —8.01 —10.85 6.05 -
23 Cs 0.678 —8.48 —10.94 —15.16 471 —318.2
24 Cay 0.886 —8.02 - —-17.21 — —293.7
25 Cs 0.912 —6.19 - —14.04 - -
26 Cs» 0.538 —9.42 —11.26 —-13.71 2.56 —306.5
27 Cay 0.252 —9.86 —10.65 —11.96 0.10 —253.7
28 Cs 0.666 —8.54 —10.60 —14.49 4.28 —273.6
36 Csy 0.481 —-11.73 —14.09 —16.13 1.51 -
37 Cay 1.403 —6.90 —11.81 —12.27 81.07 -
benzene Den 0 - —10.22 - - -
pyrrole Ca 0 - —10.13 - - -

adp is defined as the distance from the central ring atom to the centroid of the six peripheral ringPaermged value over all three ring6«(37).

and are presented along with the inversion barfé@ne thing failed, and geometry optimization starting from a planar structure
that immediately stands out among data for the mono- and diazafor 25 led to a new, monocyclic energy minimum via 1-6a and
species is the greater aromaticity shown by the isomers which6-6a N-N bond cleavages, bonds that were already elongated
possess a central nitrogen. Thus, monoaza is@serd diaza in the bowl! conformer oR5.
isomers8 and10 have NICSeyo)and NICSpianarvalues>3 ppm It would be informative to compare the aromaticity and
upfield of 7, 9, and11—13. The deviation from planarity (dp)  curvature of these azaacepentalenes with the known acepental-
of thecentroN species is also substantially less than those with enediide dianior8. As discussed above, the indications are that
apical carbon. Even the NIGq0) values for6, 8, and10 are when carbon occupies the apical postion of the tricycle, as it
lower than those of, 9, and11—13, notwithstanding the greater  does in3, the aromaticity is diminished relative to thentraN
curvature of the latter systems. Interestingly, significantGC species. However, thab initio modeling of polyanions is known
bond length alternation is also seen in ttentroC species. to be problematié® and the electron repulsion they experience
Whereas compoun@ for example has €C bond lengths of in the gas phase renders direct comparisons to monoanionic or
1.42-1.43 A, the same €C bonds in compound range from neutral species of limited usefulness. The optimizatiod asing
1.39 to 1.46 A. the same method as fé@rgives a species whose five highest
The substitution of C for N in the periphery of the acepen- occupied orbitals have positive eigenvalues. The structuBe of
talene ring system results in an increase in the curvature of thein the gas phase (dg 0.715 A) does not correlate well with
bowl. Thus, while6 has a dp of 0.390 A and a negligible thatin the crystal structure of the dilithium bis(1,2-dimethoxy-
inversion barrier of 0.59 kcal mol, compound$ and10 have ethane) complex (dg= 0.580 A), suggesting that any NICS
dp values of 0.535 and 0.507 A and inversion barriers of 2.08 determination on the bare dianion would not be meaningful.
and 1.55 kcal mott, respectively. The dp of the triaza species Reoptimization of the structure at the MP2/6-31G(d,p) level
14—21increases to a mean of 0.610 A, while inversion energies of theory does nothing to resolve the autoionization problem
range from 2.82 to 4.26 kcal mdl The NICSexo) shifts of 14— and actually increases the depth of the bowl to 0.756 A.
21 fall between—8.4 and—9.1 ppm. This, along with the greater  Performing an energy minimization & as it appears in the
curvature, suggests a weakening of aromaticity with increasing crystal structure, i.e., including the lithium counterions and
N substitution, although the NIGnayvalues are little different ~ solvate molecules, reduces the curvature of the bowl to
from those of6, 8, and10. The cationic triaza speci€? lacks 0.524 A and gives a negative HOMO energy, but this action
a central nitrogen and, like the relatgd9, and11—13, shows rules out a determination of the NICS aromaticity. However,
aromaticity inferior tal4—21. Further N substitution i23—25 the presence of lithium in L{DME),3 affords an opportunity
sees a continuation of the trend toward greater curvature, toto compare theLi chemical shift to that of the hypothetical
the point where the central atoms 24 and 25 are essentially ~ complex Li(DME), the lithiated exo faces of which turn out
tetrahedral. Attempts to minimiz&4 in a planar conformation

(28) For recent discussions of this issue, see: (a) Trindle, C.; Yumak,
A. J. Chem. Theory Compu2005 1, 433. (b) Trindle, C.; Yumak, AJ.

(27) All planar transition structures were characterized by the observation Chem. Theory Compu2005 1, 1038. (c) Sommerfeld, TJ. Am. Chem.
of one imaginary frequency in the calculated vibrational spectrum. Soc.2002 124, 1119.
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FIGURE 2. Structures of azaacepentalenicss-28. i/ EN/\\N @ @%
to be essentially isostructural. Trexclithium ion in Li,- \ r<| \ rQ
(DME)23 (6 —5.6) is found downfield of that in L(DME 33 34 35
(6 —7.0)2° and thus the former appears to be more weakly
aromatic, consistent with the above NICS data for azaacepen-
talenides lacking a central nitrogen.

Substitution at the periphery of azaacepentalen@dasd23 TABLE 2. Symmetry, Deviation from Planarity (dp, A), Maximum
with electron-withdrawing cyano groups givey and 28 C—C Bond Length Difference (Ar, A), Maximum Pyramidalization

. Lo . . : Angle (05, deg), and Maximum p-Orbital Axis Vector Dihedral
(Fllgure 2), resulting in reduction of the dp and a slight upfield (tronva, deg) for Compounds 29-35
shift the NICSexo) values, although the NIGsunan values are

FIGURE 3. Structures of azaacepentalene derivatives possessing a
10z periphery.

actually somewhat downfield of those of the parent compounds. symmetry dp Ar Oom TPOAV2
The known hexacloroazaacepentaler6¥ was also modeled 29 Cay 0.782 0.024 97.0 14.3
and found to have slightly greater curvature and comparable gg gs 8'29& 8'823 18;-2 igg
aromaticity to6. The main reason for including these species 35 Ci 0.975 0.068 1031 18.2
in this study is to consider their protonation energies. We had 33 Ci 0.986 0.091 102.8 18.6
previously observed that while the lithium salt®€ould only 34 C 0.979 0.058 103.1 19.0
be handled in dry THF solution, the hexachloro analoge 35 G 0901  0.029 99.6 16.6

was stable in the absence of acids and could even be chromato-
graphed as its tetrabutylammonium gaffhecentroN aromatic
anions in this study were protonated at a carbdn the central
nitrogen, and the structures were optimized. The protonation

energy was determined 'by subtracting the electronic and .Zero'compares to experimental values between 0.035 and 0.058 A
point energies of the anions from those of the neutral “acids.” in the literatureé® The Ar values for29—35 are included in

The data are given in Table 1. As expected, the protonation Table 2 and show that at leag0. 31 and 35 should be
energy of the azaacepentaler_lides decreases ‘_Nith inCreaSin%onsidered fully aromatic by this 'crite,rion. Althoudt® and
nitrogen content, such thad is even less basic thage. .. 32—34haveAr > 0.5 A, comparison to thar values of their
Substltutlpn with cyano groups dramatically reduces the basicity parent tricylce¥ and11—13 suggests little difference between
ﬂ;&l;ta2;02|s'éﬂgefe¢gzr?§ds ttz)eig\:goge;?gtgnniiﬁ)iniireﬁrzybgf them in aromaticity; indee®2 and 34 actually have slightly

: lower Ar values thari1and13. A typical concern in nonplanar

1
255 keal rr(;q‘r ((B3LYP/ S'|311+ G(IZd,p);/ E;%'—g?’%&ls%(%» aromatic systems is that extreme torsion angles along the
corresponding to a recor ovkgvalue of—26. int S aromatic path will disrupt conjugation. In fact, iB9—35
We conclude from this and our own work that, unlkeanions peripheral dihedral angles range as high a& &lowever, a

23, 24, 27, and 28 should, like26, be isolable species which o 4ia| pyramidalization of ring atoms occurs in such cases to
are air- and moisture-stable. allow the maximum possible overlap of p-orbitals. The degree
Itis nOteWOfthy that, because of their nonplanar Character, of pyramida“zation Qa'r) and resumng torsion ang|e between

the azaacepentalenes lacking an element of symmedry1(6 p-orbital axis vectorsteoavz) Was calculated foR9—35 using

and 18) are chiral. However, the low inversion barriers the POAV method introduced by Hadd&hAs can be seen in
(Table l) liken this chirality to that of asymmetrica”y substituted Table 2, in no case is the dihedral ang|e between neighboring
amines, which is of little consequence until the amine is p-orbitab greater than $9For Comparison’ a maximum POAV2
quaternized and thereby covalently fixed in a single configu- torsjon angle of 28 %can be calculated from the crystal structure
ration. Similarly,centroalkylation (at N) or protonation (at C)  of the stable 16 aromatic 1,6-methari@annulene ring systef,
leads to acepentalene derivatives with permanent curvature andwhich has a respectablar value of 0.037 A. Maximum

in the case 081_35, resolvable Chirality (Figure 3) These are pyramida]izaﬂon ang|es for the %ptoms in29—35 vary from
neutral or zwitterionic molecules with a Z(erimeter, whose  97.0 to 103.1, which compare to those determined from the
high dp values reflect the $jmybridization state of the central crystal structures a3 (100.8)Pand Gy (101.6).35 Recently,
atom (Table 2). No measure of the NICS aromaticit®f 35

was un,der,taken because of th,e problems associated with the (31) Schleyer and co-workers have called the use of the geometric
determination of these values in the endo space of bowls of criterion into question: Schieyer, P. V. R.; Jiao,Rlire Appl. Chem1996
varying curvature which, unlik€é—28, cannot be planarized. 68, 209-218.

i i i ; 32) (a) Bak, B.; Christensen, D.; Hansen, L.; Rastrup-Anderseh, J.
H‘?""e."er' aromaticity can also be. CharaCtenzed by the g(.aomemCChgm). E?r)lysl%ﬁ 24, 720. (b) Nygaard, L.; Nielsen, J. 'IP Kirchheiner,
criterion of bond length equalization, where a maxiumum ;. \altesen, G.; Rastrup-Andersen, J.; Sorensen, G. 1@ol. Struct.1969
carbon-carbon bond length differencé\() of about 0.05 A 3, 491.
(33) Haddon, R. CAcc. Chem. Red.988 21, 243.
(34) Bianchi, R.; Pilati, T.; Simonetta, Micta Crystallogr.198Q B36,
(29) The reference used féki chemical shifts was Li(Oh)a. 3146.
(30) Vianelloa, R.; MaksicZ. B. Tetrahedron Lett2005 46, 3711. (35) Haddon, R. CJ. Am. Chem. S0d.99Q 112, 3385.

would be expected in an electronically delocalized system.
Pyrrole, for example, when modeled at the same level of theory
as the species described in this work, has af 0.048 A, which

4326 J. Org. Chem.Vol. 72, No. 12, 2007
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Conclusion

In summary, the aromaticity of mono-, di-, and selected tri-
and polyazaacepentalene species has been evaluated using the
36 37 NICS criterion. The molecules in question represent hemispheres
of the relevant g-nN,, fullerene. The NICS method is sensitive
to the curvature of the bowl, and the intrinsic aromaticity of

Scott and co-workers have reported a stable corannuleneth® Systems may be best evaluated by considering the NICS

derivative with af,,; value of 102.8.36 These numbers suggest \{alues of the planarized tiicycles, which are Io.w-parr.ier transi-
that it is not unreasonable to expect that all of the molecules in fion states between bowl invertamers. A key finding is that the
Figure 3 possess at least some degree of aromaticity. InterestPresence of N or O at the center of the tricycle is a “sweet
ingly, it is again thecentroN representatives of this series SPOU In terms of aromaticity, where the Nlg@na values
which, like their counterparts in Figure 1, display shallower bowl €xceed that of either benzene or pyrrole, while deatroC
curvature and better evidence of aromaticity than those with acepentalenides are substantially less aromatic both by NICS
carbon centers. Although tricyclic Z0systems like these are ~ and, in the case of acepentalenedile’Li chemical shifts.
unknown in the literature, a paper describing the saturated Further substitution of nitrogen into this system progressively
azatriquinane precursor @fis noteworthy?? since the authors ~ increases bowl curvature and leads to a decrease in aromaticity.
Synthesized the Compound to the purpose of oxidizing 8o In the case of theentroN anions, increasing the nitrogen
which ultimately proved unsuccessful. content at the periphery and/or substitution with electron-
Finally, aromaticcentrochalcogeno (O, S) analogues of withdrawing groups dgcreases the_ protonation energy, to the
acepentalene (Figure 4) were also modeled. These are isolelecEXtent that these species are predicted to be stable in aqueous
tronic with 3 and6 but with no overall charge due to the cationic 2nd €ven acidic media, depending on the degree of substitution.
nature of the central atom. The oxonium speci&sshows Finally, a novel series of chlral, bowl-shapeq,nlaromatlc '
somewnhat greater curvature théand G-C bond lengths which molecult_es are proposed which result from elthgr protonation
are likewise equivalent to within 0.01 A. However, the aroma- ©f su.bstltunon of the central C or N of asymmetric azaacepen-
ticity is significantly enhanced, with record NIgS) and  talenides.
NICSpianan Values of —11.73 and—14.09 ppm, respectively.
The thiaacepentaler®7 shows a far greater dp and inversion ~ Acknowledgment. This work was financially supported by
barrier than any other species described above because of th&lational Science Foundation grant CHE 0448976. The author
length of the G-S bonds, which elevates the sulfur well above also thanks Prof. Carl Trindle for helpful discussions and Prof.
the plane described by the four carbon atoms of each five- Robert Haddon for making available the POAV programs.
membered ring. The lack of participation of the central atom in

FIGURE 4. Structures of chalcogenoacepentalenigésnd 37.

the aromaticity of37 is more reminiscent of th29—35 series Supporting Information Available: Cartesian coordinates,
than6—25, although theAr value (0.006 A) is even less than  energies, and the number of imaginary frequencies for the optimized
in 29 (0.024 A). structures o8, Li,(DME),3, Li(DME)6, and6—37, including both

bowl and planar conformations fér-28, 36, and37. This material
is available free of charge via the Internet at http://pubs.acs.org.

(36) Jackson, E. A.; Steinberg, B. D.; Bancu, M.; Wakamiya, A.; Scott,
L. T. J. Am. Chem. So@007, 129 484. JO070043z2
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