JIAIC[S

COMMUNICATIONS

Published on Web 02/28/2006

Poly-Oxygenated Tricyclobutabenzenes via Repeated [2

+ 2] Cycloaddition of

Benzyne and Ketene Silyl Acetal

Toshiyuki Hamura, Yousuke Ibusuki, Hidehiro Uekusa, Takashi Matsumoto, and Keisuke Suzuki*

Department of Chemistry, Tokyo Institute of Technology, and SORST, Japan Science and Technology Agency (JST),
O-okayama, Meguro-ku, Tokyo 152-8551, Japan

Received January 13, 2006; E-mail: ksuzuki@chem.titech.ac.jp

Tricyclobutabenzenes (TCBB$)constitute a class of strained

aromatic compounds of interest from theoretical and synthetic points
of view.! However, the syntheses have been limited to the parent

compoundla,? halo-substituted derivativelb and Ic,3* hexa-
methylene derivativel ,> and triangular [4]phenylene derivative
1 .6

We now report an efficient and flexible route to poly-oxygenated
derivatives ofl (1 and2) by exploiting the [2+ 2] cycloaddition
of benzyne and ketene silyl acetal (KS®)Two regiocontrolling

Scheme 1. Synthesis of lodotriflate 8 via First [2 + 2]
Cycloaddition?
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a Reagents and conditions: (4)n-BuLi, THF, —78 °C, 5 min; (b) aq
HF, CHsCN, 25°C, 15 h §; 60% in 2 steps); (c) AlG| CICH,CH.CI, 60
°C, 13 h; (d) BnMegNTICl;~, NaHCG;, CH.Cly, rt, 20 h; (e) T$O, pyr,
CHCly, 0 °C, 5 min; (f) ethylene glycol, TsOH, benzene, reflux, 288h (
60% in 4 steps).

Scheme 2. Synthesis of lodotriflate 12 via Second [2 + 2]

steps (vide infra) enable a potential and general approach to variousCycloaddition®

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.
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Scheme 1 shows the first [2 2] cycloaddition. Treatment of
bromotriflate3® with n-BuLi in the presence of KSA cleanly gave,
after acid hydrolysis, ketoaldehy8&es a single product (60%, two
steps). The highly regioselective nature of theqH2] cycloaddition
can be ascribed to the directing effect of the methoxy group in
benzyneA as described befofeDemethylation of5 gave phenol
6, which was converted to iodotriflaté by iodination and triflate
formation. The carbonyl groups i@ were masked as ethylene
acetals to give bis-aceta8, ready for the second [2+ 2]
cycloaddition.
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a8 Reagents and conditions: @)n-BuLi, THF, —78°C, 5 min ©; 70%);
(b) TSOH, MeOH, rt, 10 h; (c) 0.12 M $8Qy, THF, rt, 5 h (10; 90% in 2
steps); (d) mCPBA, CkCly, 40°C, 14 h; (e) 0.1 M NaOH, 1,4-dioxane, 0
°C—rt, 42 h (L1, 76% in 2 steps); (f) BanN*ICIz , I-PENEt, CHCly,
—78 — —50°C, 7 h; (g) TEO, pyr, CHCIly, 0 °C, 5 min (12, 75% in 2
steps).

Scheme 3 shows the third cycloaddition en route to several
TCBBs. The benzyne precursb? served as an efficient branching
point to several highly oxygenated TCBBs via dicyclobutabenzyne

Scheme 2 shows the second cycloaddition of the benzyne C. Treatment ofl2 with n-BulLi in the presence of KSA (THF,

generated fron8, which also proceeded regioselectively by virtue
of the ring straint® Treatment o with n-BuLi in the presence of
KSA 4 cleanly gave cycloadduétas a single product in 70% yield.
Conversion 0B to aldehydelOwas achieved by exposure to acidic
methanol followed by the selective hydrolysis of the exocyclic acetal
by careful acid treatment (90%, two steps). Baeyéilliger
oxidation of10and hydrolysis of the resulting formate gave phenol
11 (76%, two steps), which was converted to iodotrifla® For
the iodination stage, the presenceid@®rL,NEt was essential for
coping with the lability of the C(7) acetal i1, otherwise, the
product was triflatel3 lacking the C(7) acetdt
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—78°C) gave 79% yield of cycloaddud#. Acid treatment ofL4
furnished triketoné5in 92% yield as colorless crystals, which in
itself was notable in view of the high strain with thre€-sarbon
atoms in the four-membered rings.

The corresponding reaction & with fully oxygenated KSA
16a cleanly gave cycloadducii7a which was converted to
octamethoxy TCBB1 by treatment with acidic methanol. The
cycloaddition with KSA16b gave cycloadduci7b, which was
selectively transformed to monoketod8 by acid hydrolysis of
the C(1) silyl acetal (58%, two steps). However, attempts at the
full deprotection of ketond8 to tetra-oxo compoun@ by using
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Scheme 3. Third [2 + 2] Cycloaddition?
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aReagents and conditions: (4) n-BuLi, THF, —78 °C, 5 min {4;
79%); (b) aqg HF, CHCN, —10 °C — rt, 2 h (15; 92%); (c)16a or 16b,
n-BuLi, EtO, —78 °C, 5 min; (d) TsOH, MeOH, rt, 50 h1{ 55% in 2
steps); (e) aq HF, C#CN, —16 °C, 20 min (L8 58% in 2 steps); (f)
BF3-Et,0, HO, THF, =20 °C — rt, 2 h 2; 84%).
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Figure 1. Molecular structure oR. Selected distances (A) and angles
(deg): G—C,41.408(3), G—C7 1.406(3), G—Cg 1.403(3), Go—C3 1.425(3),
C3—C, 1.518(3), G—C, 1.600(3), G—Cs 1.531(3), G—Cs 1.566(3), G—
C; 1.522(3); G—C4—C; 118.4(2), G—C;—Cg 121.2(2), Go—C3—Cs
120.4(2), Go—Cs—C; 93.2(2), G—C,—C; 86.5(2), G—C,—0, 137.6(2),
C1—C2—0, 135.9(2), G—C5—Cs 83.8(2), G—Cs—C7 90.2(2), G—C7;—Cs
89.8(2), G—C4—Cs 96.1(2), G—Cs—03 134.4(2), G—Cs—03 135.3(2).

aqueous HF in CECN were unsuccessful and gave only a small
amount of partially deprotected produd®. Several common

conditions for acetal hydrolysis also failed, affording a low yield
of monoacetal 9 and/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 ofs8PEt containing a
small amount of HO, giving tetraketon& in 84% yield.
Ketone2, thus obtained, hasaconjugated structure with one

or two carbonyl groups on each four-membered ring. Such a system

has never been synthesized nor theoretically studiEdrtunately,
careful crystallization o (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 A), except for the slightly longer

length of the annelated s:£Cy, bond (1.425 A3 This slight
elongation could be related the extreme elongation (1.600 A) of
the G—C; bondthat connects the two carbonyl groups. This is far
longer than the 1.48 A expected for a normal G(siC(s@) single
bond!* and exceeds the length of the cisoid dicarbonylhond

in isatin (1.54 AY® Nonbonded lone pair repulsirand/or negative

hyperconjugative interaction between the oxygen lone pairs and

the adjacent €C bondo*-orbital’® may be invoked; however, more

detailed theoretical and experimental studies are necessary to

understand the origin of the long dicarbony+C bond length in
2, which iseven longerthan the correspondingnusually longoond
of the simple benzocyclobutenedione (1.571A).

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 conjugated-systems.
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