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ABSTRACT

1) Li/NH3, THF OH
Ph COsMe 2)R,Br Ph COMe | (300nm) Ph
_ = R2 _ -
K:[Fh 3) PDCIBUOH R, R R,
COzMe
4 Ry=H 1 Ry =H, Ry = alkyl 14 Ry = H, R, = alkyl
8 Ry =OCHs; 2 Ry = OCHg, R, = alkyl 18 R, = OCHa, R = alkyl

The synthesis of 2-phenyl-2,5-cyclohexadien-1-ones la—c and 2a—b from methyl 3-phenylbenzoate 4 and methyl 2-methoxy-5-phenylbenzoate
8 by the Birch reduction alkylation methodology is described. 1la—c and 2a—b undergo regiospecific photorearrangements at 300 nm to give
tetrasubstituted phenols 14a—c and pentasubstituted phenols 18a-b, respectively. The type A photoproducts 17a—b resulting from irradiation
of 2a—b at 366 nm have been isolated as ~1:1 diastereomer mixtures. When an optimized condition is applied, a single diastereomer of 17a
is obtained.

Substituted phenols are of great importance in both biosyn- chemistry. In this Letter we report the preparation of phenyl-
thetic transformation and as building blocks in organic substituted 2,5-cyclohexadien-1-orfeand?2 (Figure 1) by
synthesis. Among the many transformations known, photo- the Birch reductioralkylation method and the photo-
chemical, acid-catalyzed, and base-catalyzed dienphenol chemistry of these substrates, which leads to the formation
rearrangementss are important methods, especially for the Of tetra- and pentasubstituted phenols.

preparation of highly substituted phenolic substrates that are

not readily available by conventional aromatic substitution _
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91% vyields (Scheme 1). The chloro and azido substituents
in the reagents remained unaffected under the reaction
conditions.

Bis-allylic oxidation of 5 with t-BuO,H and a catalytic
amount of pyridinium dichromate provides dienoriefn
50—70% yields (Scheme 1). An exceptiorbd, from which
biphenyl4 was isolated in 70% isolated yield upon treatment
with the same allylic oxidation conditions.

The syntheses of 4,4-disubstiuted-5-methoxy-2-phenyl-2,5-
cyclohexadien-1-one8a—b are achieved by using similar
procedures starting with 5-bromo- or 5-iodosalicylic a6id

taR=CH: 5aR=CH, (Scheme 2). An alternative approach to preparing biaryl ester
1bR = (CH | =
1OR = (OHN, SeR = (CHNs
2Reagents and conditions: (a) PhB(QH(PrP)Pd, K:CO; Scheme 2
H,0, Tol., MeOH, reflux; (b) Li/NH/THFA-BuOH, RBr; (c) PDC, I CO,H a Ph COH
t-BUO;H, PhH, Celite. C[ . C[
OH OH
6 7
3-iodobenzoat8 by means of Suzuki coupling with phenyl l b
boronic acid.

. L . . . R Ph CO,CH3
Synthetic applications of the asymmetric Birch reductive Ph coch - \@
alkylation of chiral nonracemic benzoic acid derivatives have OC: ’ OCH,
been reviewed recentfyAlthough several examples of Birch ? .

reduction of biaryl compounds had been described previ- :;5;2?0“@2%
ously, the first report of Birch reductive alkylation of
biphenyl carboxylic acid derivatives appeared in 1988. l d
is known that 2-phenylbenzoic acid derivatives provide in R
40—-86% yields with high stereoselectivity (L0:1) products Phﬁcozcm
where two of the three double bonds on the benzene ring o ocH,
are saturated (such d® and 13 in Scheme 3}:¢ To our 2aR=CH,

2b R = (CHy)sN;

knowledge, Birch reductive alkylation of 3-phenyl-substituted
benzoate has not been previously reported. Birch reduction
of 3-phenylbenzoaté with lithium in NH;—THF in the
presence of 1 equiv dért-butyl alcohol at—78 °C followed

by addition of piperylene to consume excess metal and
methylation with methyl iodide gave 3-methylated 1,4- . . .
cyclohexadiendain 88% yield (Scheme 1). It is crucial to 8N €quivalent overall yields was also successful by carrying
use 2.5 equiv of lithium for the reduction step with these out e_sterlflcanon ob first foIIowx_ad by the cross a_ryl c_oupllng
biaryl substrates. Under this condition, no tetrahydrobenzoate®action2a—b were prepared in-46% overall yield in four
products such a2 and 13 are isolated. The use of more St€PS. _ _ _
than this amount results in production of the corresponding _!radiation of a solution ofain benzene through uranium
tetrahydrobenzoate products, while using less leads to thed!2SS (366 nm) provided phenol proddein 87% isolated
recovery of substantial amounts of the starting material.
Alkylation of the resulting enolate intermediate generated

aReagents and conditions: (a) PhB(QHPhP),Pd, K;CO;
H,0, Tol., MeOH, reflux; (b) MeSOJ/K,CQ;, acetone, reflux; (c)
Li/NH 3/THF/t-BuOH, RBr; (d) PDCt-BuG,H, PhH, Celite.
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Scheme 4 Scheme 5
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MeO R
CO,Me
: ; 18aR =CH.
yield (Scheme 4). The photoproduct is produced by way of 18D R = (GHi)oNs

the type A rearrangemeéhinvolving oxyllyl zwitterion 15
(R = Me) giving diastereomers of unstable bicyt&(R =
Me) (Scheme 4). Further photorearrangemeni@®iunder
the irradiation condition gave phendfla. However, in the
present case none b6 was detected nor were other products irradiation of the 2-phenyl-5-methoxy substrat@a—b

isolated from the photoreaction mixture. _ through uranium glass for 6 h provides roughly 1:1 mixtures
The assignment of structutela to the phenol resulting  of two diastereomers of the corresponding bicyclic interme-
fromlphotorearrangement tbhis based oiH NMR spectral  giates17a—b. The yields of the-1:1 diastereomer mixtures
data: The photoproduct shows doubletsda6.87 (H, J = were indicated to be greater than 90% by inspection of
8.7 Hz) and) 7.28 (H, J = 8.7 Hz), eliminating from further  product mixtures immediately after photolysis in eithebg
consideration all possible structures in which aromatic or cpcy, solution byH NMR spectroscopy. There was no
protons would appear as singlet§ should be the major, if  eyidence for the formation of the other regioisomers during
not exclusive, intermediate regioisomer, which leads to the jrradiation of 2a—b at 366 nm. It is also noteworthy that

formation of the phendi Furthermore, phenols resulting from  pjike the 2,5-dimethoxy and 2,6-dimethyl analogues, the

the 2-phenyl analogueka—c, which directly gave phenol
productsl4a—cin good yields under similar conditions,

methyl rather than carbomethoxy group migratiorLgin azido substituent irlc and 2b did not participate in the
the photochemical reaction process were considered improbintramolecular cycloaddition proce¥s.
able on the basis of mechanistic expectatibfibe effect of Continued irradiation of the-1:1 mixtures ofl7a—b at

the 2-phenyl substituent ifia on the regioselectivity and 366 nm resulted in an observable change in the diastereomer
yield for photochemical rearrangementiato 14ais seen  ratio. Other workers have found that 6,6-diaryl- and 6,6-
by comparison to reaction of the corresponding 3-trimethyl- gialkyl-substituted bicyclohexenone epimers do not photo-
silyl substrate which gave a complicated mixture of three jnterconvert under a variety of photochemical conditiéhs.
phenol products in a ratio of 1:2:4 in low yiellPreviously _ However, 6-alkyl-6-carbomethoxy-4-methoxycyclohexadi-
we observed that the 2-carbomethoxy and 2-cyano substit-gnones; initially obtained from photolysis of the correspond-
uents (electron-withdrawing) provide phenols in good yields ng cyclohexadienones at 366 nm as 1:1 mixtures, were found
with high regioselectivity, while 2-methoxy- and 2-methyl- {5 yndergo photoequilibration te9:1 mixtures favoring the
substituted (electron-releasing) substrates give phenols in |0Wendocarbomethoxy epiméfIn fact, the ratio of the mixtures

yields? from 2b shifts to 2:1 from 1:1 upon photolysis at 366 nm
Similarly, 2,5-cyclohexadien-1-onéd andlcrearranged  for a longer time (21 h), while a more remarkable change is

on irradiation (366 nm) to give phendlgb and14cin 75— observed fora. Irradiation of2a at 366 in benzene for 17

82% isolated yields. For these two substrates, the corre-h gives 17a as a single diastereomer along with a trace

sponding bicyclic intermediatels were not observed b\H amount (<5%) of the phenol produt8a (Scheme 5).

NMR spectra of the photoreaction solution, even when  ynplike the 2-carbomethoxy, methoxy, cyano, and methy!

irradiated for a very short time (15—30 min). analogues, which undergo rearrangement to phenols under

The photochemistry of 2-phenyl-5-methoxy-2,5-cyclo- acidic conditions,17a—bare not sensitive to acidic condi-
hexadien-1-onea—b in degassed benzene solution is tions (CRCO,H). However, irradiation through Pyrex glass
outlined in Scheme 5. In contrast to the photochemistry of (=300 nm) results in the type B photorearrangereta

(8) Zimmerman, H. E.; Schuster, D.J. Am. Chem. S02962 84, 4527. (11) Schultz, A. G.; Myong, S. O.; Puig, $etrahedron Lett1984 1011.
(9) (a) Schultz, A. G.; Lavieri, F. P.; Macielag, M.; Plummer, MAm. (12) (a) Zimmerman, H. E.; Grunewald, J. ®.Am. Chem. Sod.967,
Chem. Soc1987,109, 3991. (b) Schultz, A. G.; Plummer, M.; Taveras, A.  89,5163. (b) Curean, W. V.; Schuster, DJI.Chem. Soc., Chem. Commun.

G.; Kullnig, R. K. J. Am. Chem. S0d.988,110,5547. 1968, 699. (c) Rodgers, T. R.; Hart, Hetrahedron Lett1969,4845.
(10) Schultz, A. G.; Antoulinakis, E. Gl. Org. Chem1996,61, 4555. (13) Zimmerman, H. E.; Epling, G. Al. Am. Chem. So&972 94, 7806.
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give phenoldl8a—b, respectively, in good yields. Irradiation The work described in this Letter indicates that the

of the dienone@a—b at shorter wavelength~300 nm) under 2-phenyl substituent in the dienone substrdtesd?2 has a

the same conditions for 5 h givd8a—b without isolation different effect on the photochemical rearrangement process

of the bicyclic intermediates7a—b. The structures af7a—b as compared to those for 2-methoxy, 2-methyl, 2-carbo-

were deduced by inspection of their spectroscopic data (IR, methoxy, and 2-cyano. The reaction sequence, including the

'H and®*C NMR)® and by comparison with those of known  Birch reduction alkylation and photoreaction, constitutes an

compounds that have similar structutés. efficient route to synthesis of highly substituted phenols.
There are several unique features of the photochemistry
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