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A simple synthetic approach to aromatic compounds using
combinations of RCM, dehydration, oxidation, and tauto-
merization is described.

Because of the important roles played by substituted aromatic
compounds in organic chemistry, the discovery of new methods
for their preparation continues to be an active area of research.
From a large number of reactions available, the most commonly
used for substituted aromatic compounds is electrophilic aromatic
substitution.” However, despite advances of the reaction, its
potential weak point in terms of difficulty in controlling the
regioselectivity of substitution has limited its use with some
substitution patterns and substituents. Alternatively, a significant
amount of work has been devoted to the stepwise construction of
aromatic rings from linear components because it enables perfect
regioselective access to the desired aromatic compounds.” Most
recently, the ring-closing olefin metathesis (RCM), which is one of
the most powerful methods to form carbon—carbon double bonds
of cyclic compounds,”® has begun to apply this strategy.*¢

Along these lines, we have also reported that phenol derivatives
2> and benzene derivatives 4°" can be obtained from tandem
RCM/tautomerization of 1,4,7-trien-3-ones 1 and RCM/dehydra-
tion of 1,4,7-trien-3-ols 3, respectively (eqn (1) and (2)). However,
precursors 1 and 3 could not be readily prepared, especially with
regard to the internal cis double bond (geometrically). Motivated
by this problem, we strived to search for more efficient and general
synthetic approaches. Herein we report new efficient and general
synthetic methods for phenol, benzene, and resorcinol derivatives,
in which the stereoselective construction of the internal double
bond of the precursors is no longer a problem.
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Our strategy is outlined in Scheme 1 and has the following three
core objectives: 1) use of highly reliable transformations and easily
accessible reagents in all steps; 2) keeping back the problematic
formation of the internal cis double bond in the last steps (namely,
after cyclization); and 3) divergent output (benzene, phenol, and
resorcinol) from common precursors. The synthetic route would
start from the allylation of readily available aldol product 5 with
various allylic metal reagents (M = Mg, B, Sn, ezc.) to afford 1,7-
diene-3,5-diol 6, which would be the fountainhead for benzene,
phenol, and resorcinol derivatives. The formation of benzene
derivatives 4 would be achieved by the RCM/dehydration/
dehydration of 6 via 4-cyclohexene-1,3-diol 7 (route 6-7-4).
After oxidation of 6 at the allylic alcohol position, the RCM/
dehydration/tautomerization of S5-hydroxy-1,7-octadien-3-one 8
would produce phenol derivatives 2 via 5-hydroxy-2-cyclohexe-
none 9 (route 6-8-9-2). The RCM/tautomerization/tautomeriza-
tion of 1,7-octadiene-3,5-dione 10, which would be prepared by the
oxidation of 6, would result in the formation of resorcinol
derivatives 11 (route 6-10-11). It should be mentioned that there
are other promising routes including 6-7-9-2 and 6-8-9-11.

Among the above-mentioned routes, we chose to investigate
route 6-8-9-2 first, and the results are shown in Table 1.”% In all
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Scheme 1
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Table 1 Synthesis of phenol derivatives 2 by RCM/dehydration/tautomerization
o o OH <N N
R2 R! RCM dehydration/tautomerization /a O
° R2 R! R2 R! =
HO \ 12 (7.5 mol%) (D/T) T\‘\CI
R? \ solvent, 7/°C, 2 h HORS RS me::og g fl;l'sgll(-l (';ag)l R3 RS CI/TU_ o
R I R method B: +BuOK, Ms R PGy,
8 9 2 12
RCM* D/T?
Entry Substrate R! R> R? R* R® Solvent  7/°C Yield® (%) Method  Yield® (%)
14 8a H Me Et H H CH,Cl, rt 84 (9a) A 85 (2a)
2 8b Me H H H H CH,Cl, 40°C 89 (9b) A 91 (2b)
3 8c Me H H Me H CH,Cl, 40°C 94 (9¢) A >99 (2¢)
4 8d Me H 4-CIC¢H,4 H H CH,Cl, 40°C  >99 (9d) A >99 (2d)
5 8e Me —(CHp)4 H H CH,Cl, 40°C  >99 (9e) A >99 (2e)
6 8f CH,0SiMe,'Bu H Me H H CH,Cl, 40°C 99 (9 B 88 (2f)°
7 8g H H Ph H Me CH,Cl, 40°C  81(9g) A >99 (2g)
8 8h H Me Ph H Me toluene 80 °C >99 (9h) A 97 (2h)
9 8i H H H H CH,OBn toluene 80 °C 84 (9i) A 90 (2i)
0 8j H H CH,C(Me)=CH, H Me toluene 100 °C 87 (C)) B >99 (2j)°

“ Ring-closing olefin metathesis was carried out with 8 and ruthenium catalyst (12, 7.5 mol%) for 2 h.  Method A: p-toluenesulfonic acid

(10 mol%), benzene 70 °C, overnight. Method B:

-BuOK (4.4 eq.), MsCl (3.2 eq.), CH,Cl,, rt, 2.5 h. “Isolated yield by silica gel

chromatography. ¢ An one pot procedure using 12 (7.5 mol%) and p-toluenesulfonic acid (10 mol%) at the same time in toluene at 70 °C gave

a mixture of 83% of 9a and 17% of 2a. °
to 2.5 mol%, the isolated yield of 9g was decreased to 50%.

“ The corresponding mesylated phenol was obtained. / When the amount of catalyst 12 was decreased

cases, as expected, the RCM of 8 with Grubbs’ second-generation
catalyst 12° proceeded cleanly to afford desired cyclized product 9
as the only identifiable material. Although increasing the steric
bulk of the substituents tends to decrease the reaction rates as
usual, increasing the temperature led to completion of the reaction
in 2 h. For the next dehydration/tautomerization step, we
employed two conditions. Most of the isolated 9 (9a-9e, 9g-9i)
were converted into the corresponding phenols 2 by treatment of
their benzene solution with a catalytic amount of p-toluenesulfonic
acid. In the case of 9f that has an acid-sensitive silyl ether,
basic conditions (mesylation of the hydroxyl group with -BuOK,
followed by elimination) were employed. Similarly, the mesylation/
elimination process was also effective for 9j that was subjected
to isomerization of the carbon-carbon double bond from
terminal to internal at the R® position in the presence of
p-toluenesulfonic acid.'

Our attention was next turned to the formation of benzene
derivatives 4 (route 6-7-4) and resorcinol derivatives 11 (route 6—
8-9-11). Preliminary experiments revealed that both routes show
promise. As shown in Scheme 2, the double dehydration of 7d,
which was prepared by RCM of 6d, with p-toluenesulfonic acid
gave corresponding benzene derivative 4d in quantitative yield.
Moreover, Swern oxidation of 9i followed by automatic double
tautomerization gave 11i in good yield (Scheme 3)."!
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Scheme 2 (a) 12 (7.5 mol%), CH,CL, 40 °C, 2 h; (b) p-toluenesulfonic
acid (10 mol%), benzene, overnight, 70 °C.

)

9i (84% vyield) 11i (80% vyield)
Scheme 3 (a) 12 (7.5 mol%), toluene, 80 °C, 2 h; (b) CICOCOCI,
DMSO, Et;N, CH,Cl,, =78 °C, 1.5 h.

In summary, we have developed new efficient synthetic routes
to aromatic compounds, which hold great promise for broad
applicability. The advantages are that no inseparable regioisomers
are produced, and that all the mild transformations employed,
highlighted by RCM, may enable introduction of a wide variety of
substituents on aromatic rings. We are currently studying the other
routes indicated in Scheme 1 and the routes for the synthesis of
catechols and hydroquinones with similar methodology.

We appreciate the financial support from the Sumitomo
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Japan.
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