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ABSTRACT

We report the synthesis of 3,4,7,8,9,10,13,14-octadehydro[14]annulene (1) and detail a comparative aromaticity study with its benzannelated
derivatives (e.g., 2 and 3).

An intensely debated area of dehydrobenzoannulene (DBA)annulenes as a tool for making indirect, qualitative measure-
chemistry is the extent of the delocalization in the macro- ments of the aromaticity of ring systems fused to the
cyclic ring! While support of the diatropicity and para- [14]annulene skeletdhTheir arguments relied on the notion
tropicity of DBAs has been presentédskepticism still that macrocyclel, an unknown molecule, is an aromatic
exists® Our group has shown, qualitatively, that despite their compound capable of ring current competition. Thus, the
large size and extensive benzannelation DBAs possess weakond-fixing ability of the “study” ring systems could be
but discernible induced ring currerffszd While work has determined qualitatively by the change in chemical shifts of
gone into utilizing molecular NMR probes to measure the the alkene protons going from the precyclized polyynes to
aromaticity of DBA$ and other fused ring systerhiggunz cyclized annulenes. This raised the question of what are the
et al. recently turned the tables and used octadehydro[14]-observable effects of stepping down the aromaticity of the
parent octadehydro[l4]annulene via benzannelation? We
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show thatl is sensitive enough to be used as a probe for The synthesis 08 (Scheme 3) required iodoaremg?c-11

aromaticity. To do this, we prepareddand compared its  and enediyn&, which were subjected to an in situ depro-

proton NMR data with those for a series of benzannelated

derivatives, both new (23) as well as known (4,58 6°). ]
The straightforward synthetic route to the parent annulene

1is shown in Scheme 1. Selective deprotection of enediyne

Scheme 3

aReagents: (aJ, K.COs, MeOH, PAdC}(PPhy),, Cul, EtN; (b)
BuyNF, THF, MeOH; (c) Cu(OAcg) MeCN, reflux.

aReagents: (a) ¥COs;, MeOH, THF; (b) (3-1,2-dichloroethene,
Pd(PPR),, Cul, PrNH, THF; (c) BuNF, THF, MeOH; (d) . . .
Cu(OAC), MeCN, reflux. (Th= 1,1,2-trimethylpropyl-). tection/alkynylation procedufe!! to yield polyyne 13.

Stepwise deprotection and cyclization gave unsymmetrical
annulene3, which also could be handled only in dilute
7,10 followed by Pd/Cu cross-coupling withZ)-1,2-di- solutions. Concentrated solutions or solid sampleg-68
chloroethene, gave,w-polyyne8 in 61% yield. Stepwise  rapidly polymerized to furnish dark, intractable materials.
deprotection and cyclization furnished 3,4,7,8,9,10,13,14- This instability precluded complete removal of the residual
octadehydro[14]annuleng)( which proved to be stable only  trialkylfluorosilane impurities.
in dilute solutions. With solutions ofl—3in hand, we examined the chemical
As shown in Scheme 2, monobenzoannuléhavas shifts of the alkene and arene protons of all six octadehydro-

synthesized from known diethynylbenze®%1via Pd/Cu  [14]annulenes (Figure 1). The average of the chemical shift

Scheme 2
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aReagents: (a) ¥COs, MeOH, THF; (b) &)-(4-chloro-3-buten-
1-ynylytrimethylsilane, Pd(PRJxy, Cul, PrNH, THF; (c) BuNF,
THF, MeOH; (d) Cu(OAc), MeCN, reflux.

cross-coupling withZ)-(4-chloro-3-buten-1-ynyl)trimethyl-
silané? to furnish intermediate aryl enediyrid®. Repeated
deprotection and cross-coupling gawe-polyynellin 48%
yield from 9. Deprotection and cyclization resulted in
formation of unstable benzocyclyrge
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differences of the alkene protons show that in going flom  the A trend should be observable only in the aromatic

to an annulene with one fused arene ri@g4) results in an (cyclized) target molecules, not in the nonaromatic polyynes.

average upfield shiftXo) of 0.67 ppm (Table 1). Attachment We were pleased to realize that the chemical shifts of each
set of alkene protons in the polyynes were essentially the

I -, the range being only 0.08.12 ppm going from zero

Table 1. Chemical Shift Difference (ppm) of the Alkene to two benzene rings.
Protons upon Successive Benzannelation Another interesting comparison is that of annuléneith

the 1,2-dihydro analoguk4 reported by Schreiber’s group.
In the latter compound, the aromaticity is interrupted and

protons 1—2 1—4 2—3 2—5 4—3

E; :8'3411 :g'gi the system is sufficiently “bond-fixed”. If octadehydro[14]-
H5 068 _051 —023 ' —0.40 annulene possesses a diatropic ring current, then this should

H6 —065  —066  —037 —0.36 manifest itself in a significant downfield shift of the 5,6-
alkene protons relative to those bf. This is in fact what is
observed. The alkene protonsBfappear at 6.17 and 5.79
of a second benzene moiety gives a smaller upfield shif) ( ppm and thus are close to the values of firecyclized

of 0.38 ppm. One adjustment that is apparent from our datacompounds in Table 2, whereas in aromatic macrocgcle
is a+0.15 ppm correction when the alkene proton is on a the analogous protons appear at 7.92 and 7.39 ppm. The large
carbony to a benzene ring (e.g., H5 in going fran— 3). difference in chemical shifts cannot be ascribed to the
It appears that this is the amount of change caused by stericanisotropy of the double bond; therefore, the difference must
deshielding of the nearby arene proton. It is interesting to pe a direct result of a diatropic ring current.

note that the average change upon annelation of the second

benzene ring is approximately half that of affixing the first.

It is known that fusion of one benzene reduces the aroma- Y N
ticity of an annulene circuit by about one-hal It follows

that fusion of the second arene reduces the remaining ring -
current again by half. The meaxy values corroborate this 14
notion.

A subtler trend can be Ie.‘xj[racted from examln_atlon ofthe  These data, although qualitative, provide strong support
arene protons. The sensitivity of these protons is much lessgy, the aromaticity ofL and thus uphold the idea of using
than that shown for the alkene protons, as expected, but 8yehydroannulenes as a means for evaluating the relative
consistent upfield shift is still observed for certain arene aromaticity of fused ring systems. The narrow ranges of the
protons as the degree of benzannelation is increased. They | ene chemical shift differences (typically 0-10.15 ppm),
protonsorthoto the <_jiacetyle_ne bridge are compared,_ as these,\ hich are much less than the averdgevalues themselves,
are the most consistent with regard to regiochemistry and g, 1t the contention that the alkene protons of the parent
do not experience steric deshielding effects. Tevalues 5100y cle are sensitive enough to be used as a qualitative
(with respect to monobenzz) are 0.23 ppm foband 0.25 o6 for relative aromaticity. Furthermore, the effects of
ppm for 3. When a third benzene ring is addé), (the Ao the step-down in aromaticity by increasing benzannelation
value decrgases t0.19 ppm. i are clearly a result of competing ring currents in the annulenic

We considered the possibility of tize trend to be simply systems. We are currently working toward further under-

a result of aryl substitution on the conjugated back_bone. _It standing the aromaticity of dehydro- and dehydrobenzo-
was necessary, then, to compare the alkene chemical Sh'ﬁ%nnulenes both theoretically and experimentally.
of the precyclized polyynes (Table 2). If the results we
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observed in comparing the DBAs to the parent compound
were an outcome of diatropicity in the annulene circuit, then

H6 5.90 5.901 5.95 5.94

aReference 7° Reference 8.
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