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Tricyclobutabenzenes (TCBBs)I constitute a class of strained
aromatic compounds of interest from theoretical and synthetic points
of view.1 However, the syntheses have been limited to the parent
compoundIa,2 halo-substituted derivativesIb and Ic,3,4 hexa-
methylene derivativeII ,5 and triangular [4]phenylene derivative
III .6

We now report an efficient and flexible route to poly-oxygenated
derivatives ofI (1 and2) by exploiting the [2+ 2] cycloaddition
of benzyne and ketene silyl acetal (KSA).7,8 Two regiocontrolling
steps (vide infra) enable a potential and general approach to various
structurally elaborate TCBBs with oxygen functionalities selectively
installed. Also described is an intriguing structural feature related
to the strained four-membered ring annelation of benzene.

Scheme 1 shows the first [2+ 2] cycloaddition. Treatment of
bromotriflate39 with n-BuLi in the presence of KSA4 cleanly gave,
after acid hydrolysis, ketoaldehyde5 as a single product (60%, two
steps). The highly regioselective nature of the [2+ 2] cycloaddition
can be ascribed to the directing effect of the methoxy group in
benzyneA as described before.8 Demethylation of5 gave phenol
6, which was converted to iodotriflate7 by iodination and triflate
formation. The carbonyl groups in7 were masked as ethylene
acetals to give bis-acetal8, ready for the second [2+ 2]
cycloaddition.

Scheme 2 shows the second cycloaddition of the benzyne
generated from8, which also proceeded regioselectively by virtue
of the ring strain.10 Treatment of8 with n-BuLi in the presence of
KSA 4 cleanly gave cycloadduct9 as a single product in 70% yield.
Conversion of9 to aldehyde10was achieved by exposure to acidic
methanol followed by the selective hydrolysis of the exocyclic acetal
by careful acid treatment (90%, two steps). Baeyer-Villiger
oxidation of10and hydrolysis of the resulting formate gave phenol
11 (76%, two steps), which was converted to iodotriflate12. For
the iodination stage, the presence ofi-Pr2NEt was essential for
coping with the lability of the C(7) acetal in11; otherwise, the
product was triflate13 lacking the C(7) acetal.11

Scheme 3 shows the third cycloaddition en route to several
TCBBs. The benzyne precursor12served as an efficient branching
point to several highly oxygenated TCBBs via dicyclobutabenzyne
C. Treatment of12 with n-BuLi in the presence of KSA4 (THF,
-78 °C) gave 79% yield of cycloadduct14. Acid treatment of14
furnished triketone15 in 92% yield as colorless crystals, which in
itself was notable in view of the high strain with three sp2-carbon
atoms in the four-membered rings.

The corresponding reaction ofC with fully oxygenated KSA
16a cleanly gave cycloadduct17a, which was converted to
octamethoxy TCBB1 by treatment with acidic methanol. The
cycloaddition with KSA16b gave cycloadduct17b, which was
selectively transformed to monoketone18 by acid hydrolysis of
the C(1) silyl acetal (58%, two steps). However, attempts at the
full deprotection of ketone18 to tetra-oxo compound2 by using

Scheme 1. Synthesis of Iodotriflate 8 via First [2 + 2]
Cycloadditiona

a Reagents and conditions: (a)4, n-BuLi, THF, -78 °C, 5 min; (b) aq
HF, CH3CN, 25°C, 15 h (5; 60% in 2 steps); (c) AlCl3, ClCH2CH2Cl, 60
°C, 13 h; (d) BnMe3N+ICl2-, NaHCO3, CH2Cl2, rt, 20 h; (e) Tf2O, pyr,
CH2Cl2, 0 °C, 5 min; (f) ethylene glycol, TsOH, benzene, reflux, 28 h (8;
60% in 4 steps).

Scheme 2. Synthesis of Iodotriflate 12 via Second [2 + 2]
Cycloadditiona

a Reagents and conditions: (a)4, n-BuLi, THF, -78 °C, 5 min (9; 70%);
(b) TsOH, MeOH, rt, 10 h; (c) 0.12 M H2SO4, THF, rt, 5 h (10; 90% in 2
steps); (d) mCPBA, CH2Cl2, 40 °C, 14 h; (e) 0.1 M NaOH, 1,4-dioxane, 0
°C f rt, 42 h (11, 76% in 2 steps); (f) BnMe3N+ICl2-, i-Pr2NEt, CH2Cl2,
-78 f -50 °C, 7 h; (g) Tf2O, pyr, CH2Cl2, 0 °C, 5 min (12; 75% in 2
steps).
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aqueous HF in CH3CN were unsuccessful and gave only a small
amount of partially deprotected product19. Several common
conditions for acetal hydrolysis also failed, affording a low yield
of monoacetal19and/or complex mixtures of products, presumably
due to the increased strain by the poly-oxo substitutions. Fortunately,
a good solution was provided by the use of BF3•OEt2 containing a
small amount of H2O, giving tetraketone2 in 84% yield.

Ketone2, thus obtained, has aπ-conjugated structure with one
or two carbonyl groups on each four-membered ring. Such a system
has never been synthesized nor theoretically studied.12 Fortunately,
careful crystallization of2 (hexanes-EtOAc,-10 °C) gave single
crystals suitable for X-ray analysis (Figure 1).

Notably, the C-C bond lengths in the central benzene ring were
essentially the same (ca. 1.40 Å), except for the slightly longer
length of the annelated C3-C12 bond (1.425 Å).13 This slight
elongation could be related tothe extreme elongation (1.600 Å) of
the C1-C2 bondthat connects the two carbonyl groups. This is far
longer than the 1.48 Å expected for a normal C(sp2)-C(sp2) single
bond,14 and exceeds the length of the cisoid dicarbonyl C-C bond
in isatin (1.54 Å).15 Nonbonded lone pair repulsion15 and/or negative
hyperconjugative interaction between the oxygen lone pairs and
the adjacent C-C bondσ*-orbital16 may be invoked; however, more
detailed theoretical and experimental studies are necessary to

understand the origin of the long dicarbonyl C-C bond length in
2, which iseVen longerthan the correspondingunusually longbond
of the simple benzocyclobutenedione (1.57 Å).17

In summary, we have developed a synthetic route to highly
oxygenated TCBBs, which relied on the repeated regioselective [2
+ 2] cycloaddition of benzyne and ketene silyl acetals. Further work
is in progress for the syntheses of other theoretically interesting
derivatives, including fully conjugatedπ-systems.
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Scheme 3. Third [2 + 2] Cycloadditiona

a Reagents and conditions: (a)4, n-BuLi, THF, -78 °C, 5 min (14;
79%); (b) aq HF, CH3CN, -10 °C f rt, 2 h (15; 92%); (c)16a or 16b,
n-BuLi, Et2O, -78 °C, 5 min; (d) TsOH, MeOH, rt, 50 h (1; 55% in 2
steps); (e) aq HF, CH3CN, -16 °C, 20 min (18; 58% in 2 steps); (f)
BF3‚Et2O, H2O, THF, -20 °C f rt, 2 h (2; 84%).

Figure 1. Molecular structure of2. Selected distances (Å) and angles
(deg): C3-C4 1.408(3), C4-C7 1.406(3), C7-C8 1.403(3), C12-C3 1.425(3),
C3-C2 1.518(3), C1-C2 1.600(3), C4-C5 1.531(3), C5-C6 1.566(3), C6-
C7 1.522(3); C3-C4-C7 118.4(2), C4-C7-C8 121.2(2), C12-C3-C4

120.4(2), C12-C3-C2 93.2(2), C3-C2-C1 86.5(2), C3-C2-O2 137.6(2),
C1-C2-O2 135.9(2), C4-C5-C6 83.8(2), C5-C6-C7 90.2(2), C6-C7-C4

89.8(2), C7-C4-C5 96.1(2), C5-C6-O3 134.4(2), C7-C6-O3 135.3(2).
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