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A New Synthesis of Thioindigo; Acyl Migration and Ring Contraction in
Thiochromone Derivatives

By NeiL E. MacKENzIE and RoNaLp H. THOMsON*
(Department of Chewmistry, University of Abevdeen, Meston Walk, Old Abevdeen AB9 2UE, Scotland)

Summary Reaction of 2,3-dihalogenothiochromone S-oxide
with sodium acetate in refluxing acetic acid gives thio-
indigo in 809, yield.

IN previous work! we have observed the formation of
thioindigo (8) in minor amounts in various reactions of
thiochromone and thiochromanone derivatives. We now
report that when 2,3-dibromo(or chloro)thiochromone
S-oxide (1) is heated with sodium acetate (2 mol. equiv.) in
refluxing acetic acid for 15 min thioindigo is obtained in
809, yield. However no thioindigo is formed if a 2,3-
dihalogenothiochromone is used as starting material. The
reaction with the sulphoxide (1) also proceeds slowly at
room temperature in dry acetonitrile using silver acetate
(1 or 2 mol. equiv.) to give (8) in 29 and 549, yield, respect-
ively; with sodium benzoate (2 mol. equiv.) the yield is 529%,.
In the room-temperature reactions trace amounts of
colourless products could be detected by t.l.c. but attempts
to isolate these invariably led to thioindigo, and we were
unable to stop the reaction at any intermediate stage.
Scheme 1 is consistent with these observations. Nucleo-
philic displacement! of the halogen at C-2 leads to the
acetate (2) which then rearranges by way of (3) to the S-
acetate (4). The acetate function is now displaced from
sulphur by intramolecular attack of the enolate (4) to give
the thiiranium ion (5) which will react rapidly with any
available nucleophile. Under preparative conditions in
acetic acid this may well be water giving the thioindoxyl
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(6, R = OH) which will promptly decarboxylate to the
thioindoxyl (7) which 1s a known? precursor of thioindigo
The evolution of carbon dioxide during the reaction was
confirmed In dry acetonitrile acetate ion would attack (5)
to form the mixed anhydride (6, R = OAc), and this on
reaction with a second molecule of acetate would collapse to
give the enolate of (7) and diacetyl carbonate (or acetic
anhydride and carbon dioxide)
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The O-acetyl migration (2) — (4) 1s sumular to 1,2-glycol

monoester rearrangements, and a closer analogy mnvolving
a sulphoxide 1s shown in Scheme 2 Heating the chloro-
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sulphoxide (9) with potassium acetate 1n acetic acid gave
benzaldehyde i 729, yield The sulphenyl carboxylate,
only stable at —20 °C,? did not survive

0 o
"OAc X N X
1y —> | < I = (2)
s X \S+ X
| OAc ] OAc
0 0

(10)

An interesting feature of the thioindigo reaction at room
temperature 1s the appearance, after ca 5 min, of a blue
colour (Apax 600 nm) which persists for ca 10min  This 1s
attributed to the formation of the sulphenate anion (10)
The colour 1s transient as (10) 1s 1n equilibrium with (2)
which 1s consumed as thioindigo formation proceeds
Companson with o-mtrobenzenesulphenate 10ns (Apas
588 nm, € ca 5 x 10%)% indicates that 5—109, of (1) 1s
present as (10) at the peak of the blue phase
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