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ABSTRACT
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An unusual rearrangement of an

Pof mom

O-aryl ether to an  ortho -hydroxyaryl system was discovered during our studies on the synthesis of diazonamide

OH Ph

80 °C/PhH
sealed tube

A. We discuss the exploration of this rearrangement under mild thermal and both Brgnsted and Lewis acid-catalyzed conditions.

The thermodynamic driving force of a large number of

phenols rearrange under acid-catalyzed condition€+o

rearrangement processes involves the migration of an alkyl, tritylated product$.An unpublished thermal rearrangement
acyl, or aryl group from attachment to a heteroatom (most of an O-cresyl ether into a&C-cresol derivativé and the

frequently oxygen or nitrogen) to a carbon atbritwo

demonstrated antiproliferative activity of 3,3-diphenyl-1,3-

venerable reactions that fall under this broad classification dihydroindol-2-one¥ provided the motivation to pursue the

are the well-known aromatic Claisen rearrangerhantl the
Fries rearrangemeftDuring our studies on the synthesis
of diazonamidé,we discovered an unusual rearrangement
that involves the mild thermal conversion of @raryl ether
into anortho-hydroxyaryl system. Warmingj and 2 (ratio
1:1) converted them int@ in 80% yield, and4 was not
observed. There appears to be no immediate direct prece-

dence for this rearrangement, although there is some analog;%

in the O-aryl glycoside taC-aryl glycoside conversiohthat

is, the Lewis acid/Brgnsted acid-catalyzed transformation of

benzyl ethers of phenols into 2-hydroxydiphenylmethane
derivatives’¢and it is known thaO-trityl derivatives of
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rearrangement chemistry described in Scheme 1.
To further explore the rearrangement depicted in Scheme
1, we first converted and8 into the correspondin®-aryl

(7) (@) Dewar, M. J. S.; Puttham, N. A. Chem. Soc1959, 4080—
4086, 4086-4090, 4090-4095. (b) de Mayo, PMolecular Rearrangements,
Part 1 Aromatic Rearrangementsiterscience: New York, 1963; pp 313
318. (c) Sprung, M. M.; Wallis, E, SI. Am. Chem. S0d.934,56, 1715—
720. (d) Tarbell, D. S Petropoulos, J. £.Am. Chem. S0d 952,74,
44—248. (e) Hart, H.; Ella A. RJ. Am. Chem. Sod 954,76, 3031—
3032.

(8) (a) Baeyer, A.; Villiger, V.Ber. 1902, 35, 3013—3035. (b) Van
Alphen, J.Recl. Trav. Chim1927,46, 287—292. (c) Busch, M.; Knoll, R.
Ber. 1927,60, 2243—2257. (d) Schorigin, Ber. 1926,59, 2502—2510;
1927 60, 2373-2378;1928 61, 277-283. (e) Kharasch, M. S.; Reinmuth,
0O.; Mayo. F. RJ. Chem. Educl936 13, 7—12. (f) Iddles, H. A.; Chadwick,
D. H,; Clapp, J. W.; Mart, R. TJ. Am. Chem. S0d942,64, 2154—2157.
(g) Burton, H.; Cheeseman, G. W. H. Chem. Socl953, 832—837. (h)
McKenzie, C. A.; Chuchani, Gl. Org. Chem1955,20, 336—345.

(9) Bould. L. Studies on the synthesis of tetracycline. Ph.D. Thesis.
Imperial College, London, 1968; p 150. The conversionl ofito Il is
described.

(10) Natarajan, A.; Fan, Y.-H.; Chen, H.; Guo, Y.; Lyasere, J.; Harbinski,
F.; Christ, W. J.; Aktas, H.; Halperin, J. A. Med. Chem2004 47, 1882~
1885.

11(30%)



Scheme 1. Thermal Rearrangement in the Diazonamide Series Table 1.

15 R' R yield%) 17 R!' R? yield (%)

15a H H 73 17a H H 75
15b Me H 76 17b Me H 68
15¢ ‘Pr H 64 17¢ ‘Pr H 63
15d NO. H 79 17d NOg H 73
15e¢ Cl H 76 17¢ Cl H 71
15f MeCO H 78 17f MeCO H 68
15¢ OMe H n/a 17g OMe H 50
15h H Me 74 17h H Me 85
151 H OMe n/a 171 H OMe 55

15gand15i, only theC-arylated productéd7gand17i were
isolated. When a hindered 2,6-dimethyl phenol was used,
derivatives6 and 9, respectively, by treatment with Cbz- only the C-arylated16 was observed.

Tyr-OtBu/CsCO; (Scheme 2} Heating6 and 9 (ca. 1:1 Heating15a—f and 15h in benzene at 80C resulted in
mixture of diastereomers for each) in a sealed tube &80 clean rearrangement to the 2-hydroxy isom&ra—f and
resulted in7 and 10 (ca. 1:1 mixture of diastereomers for 17h, respectively. It is noteworthy that the phenol ethea
each), respectively. While the standard spectral information gave only the 2-hydroxy isomet7a and none of the

of the above compounds was in agreement with the proposed4-hydroxy isomer18a. The next experiments were to
structural changes, we were not able to obtain X-ray establish whether the rearrangement exhibited crossover.
crystallographic data to confirm this. Consequently, the Subjecting 15b to the same thermal conditions for the
conversion ofl1into 12 (see X-ray structure in Supporting rearrangement but now in the presence @Pd=H,OH gave
Information) and its rearrangement intt3 (see X-ray 17bandl17cas a 1:1 mixture (Scheme 4).

structure in Supporting Information) was carried out for
verification of the previous structural assignments (Scheme
2).

Scheme 4. Crossover Experiments
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5 (R = CH,OMe) 6 (R = CH,OMe, 74%) 7 (R = CH,0OMe, 81%)

8 (R=H) 9 (R=H, 75%) 10 (R = H, 100%)

i Me o Clearly, this is classical evidence for the dissociativé S

m@ C8>CO4/CH,Cly /F%i% so°cph  Me <> y' : )Y

TR B esozs G O N Br sealed tube O o e mechanism, and as such, should be responsive to both
1 12(68%) 13.(82%) Bransted and Lewis acid catalydisThis is indeed the case.

A trace of trifluoroacetic acid caused the rearrangement of
15ato 18ato take place at 28C within a few hours, and

To examine the above rearrangement in more detail, we exposure ofL5ato Lewis acids (Cu(OT§) AgOTf, TiCls)
treated14'? with a variety of phenols in CkCl, at 25°C in at 25°C also gavel8a.
the presence of G80;, or refluxing CHCI/EL:N in the case At first sight, it seems strange that the thermal dissociation
of 15i (Scheme 3, Table 1). In the casesl&a—fand15h, of 15a should give onlyortho-substitution, yet the rear-
the O-aryl ether was the main product. For the substrates rangement exhibits crossover. Consequently, we examined
the acid-catalyzed rearrangemenfibfand performed further
crossover experiments. Treatmentidand15hin benzene

heme 3. Thermal Rearrangemen
Scheme 3 ermal Rearrangements (11) For references to azaxylylene intermediates formed from 1,4-

Ph R! o ¢H i elimination, see: (a) Steinhagen, H.; Corey, EAdgew. Chem., Int. Ed.
C3,CCA/CH,C Ph 80 °C/PhH 2 <> ’ ’ ’ 1 1
oS Q i LT 1999, 38, 1928—1931. (b) Fuchs, J. R.; Funk, R..L.Am. Chem. Soc
o onzs e O © 2004,126, 5068—5069. (C) Fuchs, J. R.; Funk, R.Qrg. Lett. 2005, 7
“ s R O " , , 59. () Fuchs, J. R.; Funk, R.Qug. Lett. 7,
R' 677—680. (d) Avemaria, F.; Vanderheiden, S.; Braesd,e®rahedror2003
Ph —> 59, 6785—6796.
N (12) Sutcliffe, B.J. Chem. Socl957, 4789—4792.
HO o (13) Alder, R. W.; Baker, R.; Brown, J. MMechanisms in Organic
16 (60%) Chemistry, Dissociate ProcessessViley-Interscience: New York, 1971;
pp 78—179.
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at 25°C with a catalytic amount of GEO.H resulted in
thepara-substituted rearrangement produtdaand18band
no trace {H NMR and TLC) of17aor 17b. It was also
noted that treatment df7h under the same conditions gave
18c presumably vidpso-protonation (Scheme 5).

Scheme 5. Acid-Catalyzed Rearrangements
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Thermal rearrangement dbcin the presence of phenol
(5 equiv) gavel7cand18a(1:4). Theortho-isomerl7awas
not detected. Similarly, GEO.,H-catalyzed rearrangement
of 15cin the presence of phenol (5 equiv) ga&cand18a

(1:5). These results point to two clear mechanistic pathways

for the rearrangement (see later).

It was of some interest to see if the same chemistry di

described above was applicable to the NMe series, where
the azaxylylene intermediate would be positively charged
(asin Scheme &7). Treatment ofL9 with phenol,p-cresol,
ando-cresol in CHCI, at 25°C in the presence of @803

did not give 20a, 20b, or 20d, respectively. Instead, the
C-arylated product21a 21b, and21d were formed directly
(Scheme 6, Table 2). Howevag;nitrophenol and-nitro-

Scheme 6. NMe Rearrangements
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phenol gave20c and 20¢ respectively, which rearranged
upon heating at 80C in benzene to giv&1lc and 21e.

Table 2.

20 R! R? yield(%) 21 R! R?  yield (%)
20a H H n/a 2la H H 63
20b Me H n/a 21b Me H 68
20c NO; H 60 2le NO; H 67
20d H Me n/a 21d H Me 57
20e H NO; 72 2le H NO; 77

The key results from Sprung, Tarbell/d and Harte
showed tha®23 rearranged int®4 with 76% retention of
absolute configuration. Treatment2® with p-cresol in H-
SOJYAcOH gave racemi@4 (Scheme 7). Dewétconcluded

Scheme 7. Inter- and Intramolecular Rearrangement
Me

O OH Me O/!\Ph OH
H
AlBrs H,S04 Me
PhCI, -40 C AcCH N
R Me Me
23a (R=H) 24a (R=H) 25
b (R =Me) b(R Me)

from these results and his own studies that “the rearrange-
ment of alkyl aryl ethers to alkyl phenols can take place by
two routes, one intermolecular and one intramolecular”. He
postulated that the reactions proceed viaeho--complex

to explain the predominate formation @4 rather than its
p-isomer. All of the rearrangements described in the above
literature and in referenc&%are conducted using Lewis acids
or Brgnsted acids. There are no reported thermal versions.
Under neutral conditions, th®-aryl ether begins to
ssociate (26) and forms @-complex 27, which can be
regarded as a cationic azaxylylene intermediate (Scheme 8).
It is noteworthy that the azaxylylene intermediates described
in ref 10 were neutral as they were derived from-iN
precursors. This is the first reported example of the formation
of cationic azaxylylene intermediates derived frolvalkyl
precursors.

The m-complex (27) can rearrange to giv8'4 and
subsequently tautomerize 9. When these reactions are
conducted in the presence of a Brgnsted acid, the initial
partially dissociated addu26 can completely ionize to give
30 (which is also accessible frog9 throughipso-protonation
to give 28, see the conversion af7hinto 18c), which results
in the thermodynamically more stalppesubstituted product
31(Scheme 8). The original Dewar mechanism provides the

Scheme 8. Proposed Mechanism of Rearrangement
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most plausible explanation and is a reminder of the powerful
effects of ion pairing?®

Exposure oR0eto a catalytic amount of GEO,H in CH,-
Cl, at 25°C resulted in rearrangement to thésomer22.
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In conclusion, this subtle and unexpected reaction and itsresearch. Dr. Chi-Ming Cheung is thanked for the conversion
relationship to the Dewar studies illustrates that natural of 8 into 10.
product synthesis continues to be one of the central vehicles

for the discovery of new chemistry. Supporting Information Available: Experimental pro-

cedures and characterization of all new compounds. X-ray
crystallographic data fat2 and13. This material is available
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