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ABSTRACT

The synthesis of [2.2]paracyclophane/dehydro[14]annulene hybrids 1 and 2 is reported. Comparison of the proton NMR spectra of 1 and 2 with
their open precursors and with related model compounds reveals the pronounced effect of macrocycle formation upon the cyclophane protons
H15/H16, which lie above the shielding cone of the diatropic [14]annulene moiety.

An intensely investigated and hotly debated area of dehy- independent chemical shift (NICS) calculaticnkas im-
droannulene (DA) and dehydrobenzoannulene (DBA) chem- proved our ability to understand this fundamental yet elusive
istry involves the study of induced ring currents in these property of these macrocycles.
macrocycles. With increased benzannelation and higher  We recently reported a comprehensive experimental and
degrees of unsaturation (i.e., inclusion of triple bonds), many theoretical investigation of the diatropicity of the octadehydro-
systems become suspect as to whether they can accuratelfl4]annulene nucleusThe combination of sensitive alkene
be considered aromatic or anti-aromatic. This issue has beerproton chemical shifts with consistent calculated data
addressed on two fronts. Classically, experimental observa-provided compelling evidence for the presence of an induced
tions, based mainly on proton NMR d&tarovide strong ring current. Efforts to quantify the strength of the diatropicity
evidence for the existence of ring currents in most DAs and of the annulene core fused to dimethyldihydropyrene (DDP),
DBAs. More recently, theoretical work, specifically nucleus- Mitchell's elegant NMR probe for aromaticify instead

T University of Oregon afforded inconclusive resu!?;Whereas the compgtationg_l

* Institut fir Organische Chemie. data supported the aromaticity and thus bond-fixing ability
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(1) (@) Balaban, A. T.; Banciu, M.; Ciorba, VAnnulenes, Benzo-, ; ; ;
Hetero-, Homo-Derivatives and Their Valence Isom&@8&C Press: Boca shift difference of the DDP internal methyl groups was too

Raton, FL, 1987; Vols. 3. (b) Garratt, P. JAromaticity; Wiley: New

York, 1986. (c) Minkin, V. l.; Glukhovtsev, M. N.; Simkin, B. Ya. (3) Schleyer, P. v. R.; Maerker, C.; Dransfeld, A.; Jiao, H.; Hommes,
Aromaticity and AntiaromaticityWiley: New York, 1994. (d) Hopf, H. N. J. R. van EJ. Am. Chem. S0d.996,118, 6317—6318.
Classics in Hydrocarbon ChemistrViley-VCH: Weinheim, Germany, (4) (a) Boydston, A. J.; Haley, M. MOrg. Lett.2001,3, 3599—3601.
2000. (e)Chem. Re»2001,101, “Aromaticity” special issue. (b) Boydston, A. J.; Haley, M. M.; Williams, R. V.; Armantrout, J. R.

(2) (a) Mitchell, R. H.Chem. Re:2001,101, 1301—1315. (b) Mitchell, Org. Chem.2002,67, 8812—8819.
R. H.; Williams, R. V.; Dingle, T. WJ. Am. Chem. S04982,104, 2560— (5) Kimball, D. B.; Haley, M. M.; Mitchell, R. H.; Ward, T. R;
2572. (c) Mitchell, R. H.; Williams, R. V.; Mahadevan, R.; Lai, Y.-H.; Bandyopadhyay, S.; Williams, R. V.; Armantrout, J.ROrg. Chem2002,
Dingle, T. W.J. Am. Chem. S0d.982,104, 2571—2578. 67, 8798—8811.

10.1021/0l0514552 CCC: $30.25  © 2005 American Chemical Society
Published on Web 07/21/2005



small to derive reliably the relative strength of the ring || NN

current in the annulene.

An alternative method for detecting an induced ring current
is to place a spectroscopic probe in the shielding cone of
the compound in question.Accordingly, we designed
molecular hybrids in which the dehydro[14]annulene frame-
work is ortho-fused to one of the benzene decks of [2.2]- 021
paracyclophane (PC), for exampleand?2. In these systems,
the cyclophane protons H15/H16 lie above the annulene ring
and thus can function as an anisotropy probe. The shielding
effect of the aromatic system formed upon cyclization should
lead to a marked upfield shift of these protons compared to
the corresponding resonances in their acyclic precursors. We
report herein the synthesis and spectroscopic analysis of
and2.

The straightforward route to hybridsand?2 is shown in
Scheme 1. Pd-catalyzed cross-coupling of 4,5-diethynyl-[2.2]-

Figure 1. Molecular structure ofl; one of two independent
molecules shown; ellipsoids drawn with 50% probability.

Scheme analysis (Figure 1). Compount!® crystallizes with two
independent molecules in the asymmetric unit, together with
one molecule of benzene on a general position and one over

— 1 an inversion center (both ordered) and one molecule of

dichloromethane disordered over an inversion center. The

cyclophane moieties display the usual structural features; the
rings have a flattened boat shape, with the bridgehead atoms
being displaced by ca. 0.15 A out of the plane of the other

& a| 58% four atoms. The annulene ring distortions are closely similar

> to those of compoun@,** with the four sections C4—C17—

& SN c| 50% C18—C19 etc. being bent inward toward the center of the
3 annulene ring (angles at C17 etc. ca. 968 C18 etc. ca.

175°) and the two sections C2£24' bent outward from

the center (all angles ca. 170°).
b The two independent molecules bfare similar but not
identical. The cyclophane groups can be fitted well to each
other (root mean square deviatien0.17 A), but a series of
small conformational differences in the annulene rings

aReagents: (a) 1-iodo-2-(trimethylsilylethynyl)benzene, Pd- becomes amplified toward the other ends of the molecules,

(PPh)4, Cul, NEg, THF; (b) K2COs, Cu(OAC), CHOH, CHCN; thus causing the €C=C—C=C—C groups to be mutually
(¢) (2)-(4-chloro-3-buten-1-ynyl)trimethylsilane, Pd(Fjph Cul, displaced by about 1 A. Taking the cyclophane ring plane
PINF,, THF. C4/C5/C7/C8 as a reference, the atoms C26 and id2ée
molecule lie 0.25 A out of this plane in the opposite direction
from the ring C11+C16; in the other molecule, the corre-
sponding displacement is 0.58 A in the same direction as
C11-C16. Accordingly, the distances from the hydrogens
H15 and H16 to the annulene carbons C17 and' @ifer
somewhat in the solid state, being 3.24 and 3.33 A in one

paracyclophane3f® with 1-iodo-2-(trimethylsilylethynyl)-
benzenéafforded polyyne4, which was subjected to an in
situ desilylatior-homocoupling procedutéo give PC/DBA
1 in 56% overall yield from3. An analogous synthetic
sequence using J44-chloro-3-buten-1-ynyl)trimethylsilafe . .
provided PC/DA2, which proved to be stable only in dilute molecule and 3.15 and 3.12 A in the other{8 normalized
solutions, in ca. 10% overall yield. to 1.08 A).
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of 1 furnished single crystals suitable for X-ray structural  9-2mm. triclinic,P1 a=11.903(2) Ab =12.782(2) Ac = 18.785(3)

A, o= 90.687(8)° § = 95.682(8)°y = 96.926(8)°V = 2822.5(8) K, Z
= 4, Dearca = 1.257 g cm3, x = 0.117 mn1, F(000) = 1120; 25 266
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Table 2. Chemical Shifts (ppm) of the Alkene Protons in
Precyclized and Cyclized Octadehydro[14]annulenes

proton  pre-7%° 7a.b pre-8¢t 8ab 5¢ 2
H.d 6.05 7.92 6.17 741 6.17 7.54
Hye¢ 5.90 7.39 5.94 6.73 5.92 6.74

aFrom ref 4.2In CD.Cl,. ¢In CDCl. 9Hy, = H19 in5 and2.¢Hy, =
H20 in5 and2.

0.13 ppm) might be the result of possible interaction of H2s/
H9s with H19/H19'. Not surprisingly, the alkene protons in
7 are significantly downfield from those i8, indicating a
The close proximity of H15 and H16 to the annulene ring decrease in aromaticity in the annulene unit by annelation
is reflected in théH NMR data ofl. Upon cyclization, H15  of aromatic units.
and H16 show a distinct upfield shifh¢ —0.37 ppm) when Because of the deshielding effect of the ring current in
compared with the analogous resonances in precutsor the [14]annulene, a downfield shift of the vinylic protons
indicative of a diatropic ring current in the [14]annulene unit Upon ring closure is expected. The system with the smallest
(Table 1). The upfield shift is considerably more pronounced downfield shift gains the least aromaticity upon annulene
formation. Upon cyclization7 shows the largest downfield
shifts for the vinylic protonsA¢d 1.87 ppm for H, 1.49 ppm
for Hp). The paracyclophane derivative shows smaller

Table 1. Chemical Shifts (ppm) of the Cyclophane Arene downfield shifts (A9 1.37 and 0.82 ppm for Hand H,
Protons and Chemical Shift Differences (ppm) upon Cyclization respectively) ind(icatir.lg a Weal.<er Eﬁg current and, are

protons 4 1 4—1 5 2 5—2 comparable to those observed for the benzannelated system
H7/H8 657 676 019 654 679 025 8 (A6 1.24 and 0.79 ppm).
H12/H13 655 6.54 0.01 652 653 0.01 In summary, the synthesis of [2.2]paracyclophane-fused
H1s5H16  7.02 665 —-037 693 601 —0.92 dehydrobenzo[14]annuledeand dehydro[14]annulerizhas

aIn CDCh. been accomplished. The effect of annulene formation on the

cyclophane protons which lie over the newly formed 14-
membered ring has been studied and confirms the existence
in going from5 to 2 (A0 —0.92 ppm). Although tempting  Of diatropic ring currents in the [14]annulene unit. Further-
to ascribe the large difference in chemical shifts to the more, a stronger effect is observed for the more aromatic
anisotropy of the triple bonds, the X-ray structuredqsee ~ compound?, indicating that the cyclophane protons might
Supporting Information) reveals similar distances between be useful to measure the relative aromaticity of a variety of
hydrogens H15 and H16 and annulene carbons C17 arlg C17 fused ring systems. Studies are underway to confirm this
therefore, the marked difference in chemical shifts confirms hypothesis.

the existence of a diatropic ring current. It is worthy of note
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As expected, the alkene protonsdrare similar to those in
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