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Synthesis of Dimethylbisdehydrooxa- and
-thia[13]annulenes. Configurational and
Conformational Isomerism in Conjugated
13-Membered Heterocycles!

Sir:

There has been considerable interest in recent years in
the synthesis of higher vinylogs of heterocycles of the pyr-
role-furan-thiophene type. Such compounds may be diatro-
pic (“aromatic”) if they are (4n + |) membered and para-
tropic (“antiaromatic”) if they are (4n — 1) membered,
provided the heteroatom can contribute two =-electrons to
the delocalized system. Until now, the only monocyclic
members to show ring current effects are the diatropic
aza[9]-,2 aza[13]-,>* and aza[l7])annulenes,® and their an-
ions.** We now describe the synthesis of the stereoisomeric
dimethylbisdehydrooxa[l3]annulenes 13 and 19,6 and
-thia[l3]annulenes 14 and 20. The di-trans sulfide 14
proved to be diatropic and is the first monocyclic nonnitro-
geneous member of this series to show a ring current.

Treatment of 17 in THF with 2 mole equiv of n- C4HgLi
at —60° and reaction of the resulting bis ylid with 2 mole
equiv of 3% at this temperature (followed by warming to
20°) led to a mixture of 5, 10, and the corresponding di-cis
stereoisomer® (main Amax (ether) 300 nm) (Scheme I).
Coupling of the mixture with Cu(OAc); in pyridine at 50°
for ~1 hr gave 1.5% (based on 1 and 3) of the relatively sta-
ble di-trans oxa[l3]annulene 13° (pale yellow oil; m/e 196;
Amax (ether) 272 (e 18,800), 345 nm (3400)) and 1.2% of
the very unstable cis,trans isomer 19°° (pale yellow oil
which rapidly darkens; '"H nmr (CDCl;, 60 MHz), 7 3.2-
4.6 m (olefinic), 8.05 s br (CH3)).

Conversion of 27 to the corresponding bis ylid by reaction
in ether with 2 mol equiv of n- C4HsLi at 20°, followed by

Scheme 1
- R
/CHZPPhSCl
k)
CH,PPh,Cl H,C %
1, X=0 3, R=CHO
2, X=8 4, R =CDO
H' N X
X
H ( h I
H® | |
# CH;
H,C X Z CH; H,C
5 X=0 10, X=0
6, X=S 1, X=S
7, X = SOZ 12, X = SOZ
8, X =CHOH
9, X=CO
HA ‘/x
H¢ , e
HC o
13, X=0 19, X
14, X=8 20, X
15, X = SO, 21, X
16, X = SO
17, X = CHOH
18, X =CO

Table I. 'H Nmr Parameters of 13-18 at 100 MHz in CDCl; (= Values; Internal Standard, TMS; J Values in Hz in Parentheses)
Compd HA H H¢ CH;
13,0 3.87d(13.5) 5.09dd (9.5, 13.5) 3.14d(9.5 7.90s
14, S 4.49d(15) 5.40 dd (9, 15 2.80d(9) 7.71s
15, SO; 5.05d(14) 2.90 dd (5, 14) 3.07d(5 7.87s
16, SO 5.28d(16) 3.32dd (5, 16) 3.10d(5) 7.90s
17, CHOH 5.52d(15.5) 3.90 dd (5,15.5) 3.32d(5 8.01s
18. CO 3.93d4Q7) 0.64dd (9.5,17) 3.74d (9.9 8.29s
A (13-5),0 +0.56 +1.35 -0.60 -0.15
A (14-6), S +0.85 ~+1.8¢ —0.93 -0.37
A (15-7), SO. +1.35 +0.52 -0.56 -0.08
A (17-8). CHOH +1.26 +0.61 -0.41 —-0.06
A (18-9), CO +0.35 -1.71 +0.17 +0.28

2 The HB signal in 6 could not be located precisely.
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treatment with 2 mol equiv of 3 at this temperature yielded
a mixture of 6, 11, and the di-cis stereoisomer®? (m/e 214;
main Amax (ether) 337 nm), Coupling of this mixture essen-
tially as before gave 2.9% (based on 2 and 3) of the stable
di-trans thia[l3]annulene 14%° (yellow needles;'0 m/e 212;
Amax (ether) 295 (e 37,200), ~305 sh (33,900), ~380 sh nm
(3700)) and 2.2% of the unstable cis,trans isomer 20°° (yel-
low oil; m/fe 212; Apax (ether) 238 (e 19,100), 295 nm
(9100): 'H nmr (CDCls, 60 MHz), 7 2.92d (J = 15 Hz,
HA), 3.48 d (J = 10 Hz, H'), 2.7-4.4 m (other olefinic),
8.10s, 8.25 s (CH3, CHy)).

Oxidation of 14 with excess m-chloroperbenzoic acid in
CHCl; at 20° for 2 hr led to 83% of the sulfone 15% (very
pale yellow needles;'0 m/e 244; Amax (ether) 265 (e 14,800),
~279 sh (12,000), ~312 sh (5600), 331 nm (5900)). Simi-
lar oxidation of 20 at 20° for | hr gave 82% of the sulfone
21% (yellow needles;'? m/e 244; Amax (ether) 252 (e 9400),
262 (9700), ~275 sh (8500), ~315 sh (2700), ~335 sh nm
(2300); 'H nmr (CDCl;, 60 MHz), 7 2.80 dd (J = 10, 15
Hz, HB), 2.97d (J = 15 Hz, HA), 3.45d (J = 1| Hz, H*),
3.53 m (HE, HS), 395 dd (/ = 11, 12 Hz, H®), 8.05 s,
8.07 s (CH3, CH3’)). Oxidation of 14 with only ~1 mole
equiv of m-chloroperbenzoic acid in CH,Cl; at 0° for 1.5
hr yielded 78% of the sulfoxide 16° (very pale yellow nee-
dles;!'® mfe 228; Apax (ether) 263 (e 16,800), 332 nm
(4100))."!

The 'H nmr spectra of the di-trans hetercannulenes 13-
16, as well as of the related alcohol 17122 and ketone 18,20
are presented in Table I. The differences in chemical shift
on passing from the acyclic models 5-7'3:!4 and 8-9!2 to the
corresponding cyclic compounds are also given in Table 1.
The best ring current probe for the annulenes is provided by
the “fixed” outer HE and especially the CHj resonances.
Compared with the shift differences of these bands in the
atropic alcohol 17 (—0.41, —0.06), the sulfone 15 (—0.56,
—0.08) is clearly also atropic,'> the oxide 13 (—0.60,
—0.15) is at most weakly diatropic, the sulfide 14 (—0.93,
—0.37) is definitely diatropic, and the ketone 18 (+0.17,
+0.28) is paratropic.

That both the HA and HB resonances in the 'H nmr spec-
trum of the diatropic sulfide 14 have shifted to higher field
as compared to the acyclic model can be explained by con-
tribution of the rotamer 22 and/or 23 with internal H* and

CH;

external HE, since in a diatropic molecule the shielding ef-
fect on an inner proton far exceeds the deshielding effect on
an outer proton. Such rotation could indeed be demon-
strated for 14 (but not for 13 or 15) by low-temperature 'H
nmr experiments, coalescence of the HA and HE resonances
each occurring at ca. —90°.'¢ Cyclization affects the HB
more than the HA resonances in 13, 14, and 18, while the
reverse is true for 15 and 17. We therefore assume that the
conformations indicated for 13, 14, and 18 (with both HB
internal) are the main contributors to the structures of these
compounds but that conformations of type 22 (with both
HA internal) are the main contributors to 15 and 17.'7 This
assumption is supported by the fact that Jgc = ~9.5 Hz in
13, 14, and 18, but only 5 Hz in 15, 16, and 17.!3 The un-
usually high field HA resonances in 15, 16, and 17 are pre-
sumably due to the anisotropy of the acetylenes, and it ap-
pears that such anisotropy can cause either an upfield or a

641

downfield shift, depending on the exact dispositions of the
groups.!®

Comparison of the 'H nmr spectra of the cis,trans iso-
mers 19-21 with those of the corresponding acyclic models
10-1213.14 shows these heteroannulenes to be atropic, and
they are presumably less planar than the di-trans com-
pounds.
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Synthesis of Bisdehydrooxa- and -thia[15]annulenes,
Conjugated 15-Membered Heterocycles!
Sir:

The preparation of potentially diatropic (“‘aromatic™)
bisdehydrooxa- and -thia[l3]annulenes, described in the
preceding publication,! encouraged us to study the synthesis
of potentially paratropic (“antiaromatic™) bisdehydrohet-

ero[15]annulenes by similar methods. We now report the
synthesis of the bisdehydrothia[l5]annulenes 7 and 18, as
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