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Abstract: 4-(2’-Hydroxybenzoyl)sdicylic esters and amides were
prepared by domino ‘Michael—retro-Michael-Wittig' reactions of
(2,4-dioxobutylidene)triphenylphosphoranes  with  3-formyl-
chromones.
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Salicylic derivatives are of pharmacological relevance
and possess industrial applications. This includes natural
products, such as salicylic acid, various salicylic esters
and salicylic glycosides (e.g. salicortin), and synthetic
compounds (e. g. aspirin®).! In this context, the develop-
ment of new syntheses of (2'-hydroxybenzoyl)salicylic
esters is of considerable interest, since they represent
fragments and potential synthetic building blocks of a
variety of pharmacologically relevant natural products,
such as anthracyclines, pyoluteorin, pyrrolomycines,
anthranoids® and their analogues.®

A number of classic syntheses of benzoylsalicylic deriva-
tives use Friedel—Crafts acylations.*® The regiosel ectivity
and yields of this approach are sometimes limited by the
drastic reaction conditions required. Interesting alterna-
tive approachesrely, for example, on Sml, mediated cou-
pling reactions of benzal dehydes with benzylhalides and
subsequent oxidation.*® A number of functionalized sali-
cylic esters have been prepared by cyclization of 1,3-bis-
silyl enol ethers with 1,3-dicarbony! dielectrophiles and
related methods.“* Herein, we wish to report a new and
efficient synthesis of a variety of 4-(2’-hydroxybenz-
oyl)salicylic derivatives by domino ‘Michael—retro-
Michael-Wittig'  reactionss of  (2,4-dioxobutyl-
idene)triphenylphosphoranes with 3-formylchromones
(4-ox0-4H-1-benzopyran-3-carboxa dehydes).6” All re-
actions proceed with excellent regioselectivity and use
readily available starting materials.

Thereaction of 3-formylchromone (2a) with 1,3-dicarbo-
nyl compounds resulted in attack of the central carbon
atom of the nucleophile onto the aldehyde (aldol conden-
sation) and formation of open-chain products.® In specific
cases a domino cyclization with ring opening of the
chromone system was observed. Our first attempts to re-
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Schemel Synthesisof 4-(2'-hydroxybenzoyl)salicylic ester 4a

alize a cyclization of 2a with acetoacetate d* synthons
were unsuccessful. The reaction of 2a with the dianion 1b
of ethyl acetetoacetate (1a) resulted in formation of com-
plex mixtures under avariety of conditions. The problem

Tablel Optimization of the Synthesis of 4a

Solvent t (h) Base Conditions  Yield (%)®
MeOH 48 NaOMe Reflux 0
THF 21 NaH 20°C 23
THF 3+18?2 NaH Reflux 32
THF 8+ 18?2 NaH Reflux 51
THF 24 NaH Reflux 58
THF 24 K,CO, Reflux 13

aReflux + 20 °C.
b |solated yield.
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was eventually solved by employment of phosphorane 3a,
which is readily available from isopropoxy 4-chloro-
acetoacetate. The reaction of 3-formylchromone with
3a dfforded 4-(2'-hydroxybenzoyl)salicylic ester 4a
(Scheme 1). During optimization of the reaction the fol-
lowing parameters proved important (Table1): a) the
presence of sodium hydride (NaH), b) employment of
THF as the solvent and c) the reaction time (24 h) and
temperature (reflux).® Extension of the reaction time to 48
hours did not result in any increase of the yield. The
Me;SIOTf catalyzed reaction of 2a with 1,3-bis-silyl enol
ether 1c, an electroneutral equivalent of 1b, also resulted
in formation of 4a, however, in low yield.

The formation of 4a can be explained by a domino
‘Michael—retro-Michael-Wittig' reaction. Michael reac-
tion of 2a with the central carbon atom of 3a afforded in-
termediate A, which underwent a retro-Michael reaction
to give intermediate B. The latter underwent an intramo-
lecular Wittig reaction to give 4a (Scheme 1). The reac-
tion proceeded with very good regioselectivity which can
be explained asfollows: @) Inthefirst step, the Michael re-
action predominated over any aldol or Wittig pathway; b)
the 2’-hydroxybenzoyl moiety of 4a was regiospecifically
formed by cleavage of the chromone system; ¢) the sali-
cylic moiety was formed by regioselective cyclization.
The structure of 4a was established by spectroscopic
means. The two intramolecular hydrogen bonds O-H---O
could be detected by *H NMR.
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Scheme 2 Synthesis of 4-(2"-hydroxybenzoyl)salicylic derivatives
4a—0

To study the preparative scope of our methodology the
substituents of the starting materials were systematically
varied (Scheme 2, Table 2). The cyclization of 3-formyl-
chromone (2a) with ethoxy and methoxy substituted
phosphanes 3b and 3c gavethe corresponding salicylic es-
ters 4b and 4c, respectively. The cyclization of 2a with
amino-substituted phosphanes 3d,e afforded the salicylic
amides 4d,e. Variation of the chromone moiety was next
studied. The reaction of phosphane 3c with alkyl substi-
tuted formylchromones 2b—e afforded 4-(2’-hydroxyben-
zoyl)sdlicylic esters 4f—i. Salicylic esters 4j—n were
prepared by reaction of 3c with chloro and bromo substi-
tuted chromones 2f—j. Starting with 2k, nitro substituted
salicylic ester 40 was obtained.

Table2 Productsand Yields

2 3 4 R! R? R3 R* %
a a a O-i-Pr H H H 58

a b b OEt H H H 52

a ¢ c OMe H H H 55

a d d N(CH,), H H H 54

a e e NH, H H H 18

b c f OMe Me H H 53

c c g OMe Et H H 55

d c h OMe i-Pr H H 64

e c i OMe Me H Me 60

f c i OMe Cl H H 53

g c k OMe Br H H 56

h c | OMe Cl H Cl 55

[ c m OMe Br H Br 51°
j c n OMe Cl Me H 58

k c 0 OMe NO, H H 16°
2| solated yield.

b |solated in form of the free acid.
¢ Reaction time: 4 h: 16%, 24 h: 0%
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Representative Experimental Procedure: A THF
suspension (5 mL) of NaH (78 mg, 3.25 mmol) and 3b (556
mg, 1.43 mmol) was stirred under nitrogen atmosphere at
0°Cfor 30 min. A THF solution (10 mL) of 2a (190 mg, 1.1
mmol) was added and the solution was stirred for 60 min at
0 °C. Thereaction mixture wasrefluxed for 24 h, cooled and
subsequently stirred for 12 h at 20 °C. To the mixture was
added diethyl ether (30 mL), an aqueous solution of HCI (5
mL, 1 M) and a saturated solution of NaCl. The agueous
layer was separated and extracted with CH,CI, (3 x 10 mL).
The combined organic layers were dried (MgSO,), filtered
and the solvent of the filtrate was removed in vacuo. The
residue was purified by column chromatography (silicagel,
diethyl ether/petroleum ether = 1:20) to give 4b (52%) asa
yellow solid. Spectroscopic data of 4b: *H NMR (CDClj,
250 MHz): § = 1.42 (t,%J=7Hz,3H, CH,), 4.45(q,%=7
Hz, 2 H, OCH,CH,), 6.91 (dd, 3J, = 7 Hz,3J, =8 Hz, 1 H,
Ar),7.08(d,*J=8Hz,1H, Ar),7.10(d, 3 =8Hz,1H, Ar),
7.53(dd, 33, = 7Hz,3),=8Hz, 1H, Ar), 7.59 (d, 3J = 8 Hz,
1H,Ar),7.84(d,3)=8Hz,1H,Ar),830(s, 1H,Ar),11.34
(s,1H, OH), 11.87 (s, 1 H, OH). 3C NMR (CDCl,, 50
MHz): § = 14.15 (CH,), 62.07 (CH,), 112.47, 119.03,
129.00 (C, Ar, ortho and para to OH), 117.74, 118.51,
118.70 (CH, Ar, ortho and para to OH), 132.36, 132.95,
136.18, 136.59 (CH, Ar, meta to OH), 163.00, 164.70,
169.61 (C, C-OH, CO,Et), 199.12 (C, CO). IR (KBr): 3178
(w), 3059 (w), 2987 (w), 2933 (w), 1683 (s), 1629 (s), 1589
(9), 1467 (m), 1444 (m), 1397 (m), 1343 (s), 1293 (s), 1262
(), 1242 (s), 1176 (m), 1084 (m) cm™. MS (70 eV): mVz (%)
=286 (100) [M*], 121(94). Anal. Calcd for CygH1,0s: C,
67.31; H, 4.93. Found: C, 66.88; H, 5.18. All compounds
gave satisfactory spectroscopic and analytical and/or high
resolution mass data.
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