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An unexpected one step domino conversion of TMS-alkynes
to protected ketones in 4-chromenone system
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Scheme 1. 3-Step protocol for the conversion of TMS-acetylene to ke
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An unexpected metal-free high yielding one step domino procedure for TMS-deprotection and
simultaneous conversion of resulting alkynes to protected carbonyls (ketals) in 4-chromenone systems
is reported. A mechanistic rationale involving an allene intermediate is also proposed based on dynamic
NMR and mass spectra.
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Silyl-deprotection of TMS-acetylenes, subsequent hydration of
resulting terminal alkynes and ketalization of the carbonyl are
three simple but important transformations in synthetic organic
chemistry. Although fluorides1 are the usual reagents for silyl
deprotection, the process may also be carried out under basic,2

acidic conditions3 or Ag(I) catalysis.4 The hydration of alkynes5

requires the use of toxic mercury(II) salts or expensive transition
metal catalysts (Ru, Rh, Pt, Au etc.).5 Other alternatives require
the presence of acids7 (H2SO4, HCOOH, TfOH or p-TsOH),5 which
may not be compatible in terms of selectivity in the case of
functionalized substrates. Ketalization is done with alcohols under
anhydrous acidic conditions (Scheme 1).

It will be of great importance if all the three steps can be
combined to convert a TMS-acetylene to a ketal in a single step
(domino reaction). In this Letter we report a single step conversion
of 3-trimethylsilyl alkynyl 4-chromenones to fully protected
3-keto methyl 4-chromones in high yields. A mechanistic rationale
is also proposed.

Our initial intention was to synthesize chromenonyl xanthones
via GB cyclization6 of bis chromonyl propargyl sulfones (Scheme
2). For that we required 3-ethynyl 4-chromenone7 which are
accessible from the corresponding trimethylsilyl ethynyl deriva-
tive. With this intention, the latter was prepared via Sonogashira8

coupling of 3-iodo 4-chromenone derivative9 with TMS-acetylene.
Attempted desilylation of 1a with potassium fluoride (KF) in

methanol, however, did not afford the expected alkyne as revealed
by the absence of ethynyl hydrogen in the 1H NMR spectrum
(Fig. 1) of the crude reaction mixture. It also indicated the forma-
tion of predominantly one major (singlets at d 8.3, 3.2 and 1.8)
n.
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Table 1
Results of one step conversion of TMS-acetylene to cyclic ketals
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Scheme 3. Proposed mechanism.

Figure 1. 1H NMR of crude reaction and chromatographically isolated product.
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and a minor product (singlets at d 8.6 and 2.7). Interestingly, upon
chromatographic purification, the 1H NMR resembled only that of
the minor product, indicating complete conversion of the major
product to the minor one during chromatography. The product iso-
lated after chromatography was characterized as the methyl
ketone 8. The same product was obtained after chromatography
when the reaction was done in ethanol or by replacing KF with
CsF or TBAF. The reaction was then repeated with super dry meth-
anol in the presence of dry CsF/KF. The chromatographic purifica-
tion was done quickly and the NMR was taken in acid-free CDCl3

which was now same as the crude and the product was character-
ized as dimethyl ketal 9. Realizing the origin of the methyl ketone
via hydrolysis of the unstable dimethyl ketal, we thought of pre-
paring a more stable cyclic ketal. Thus, the reaction was carried
out in a mixture of ethylene glycol and methanol10 (5:1) in the
presence of KF or CsF. The reaction now furnished a stable cyclic
ketal 2a in excellent yields.

The reaction was repeated with various substituted chromones
and in all cases, excellent yields of ketals 2a–e were obtained in a
single step. The results are shown in Table 1. Interestingly, our ori-
ginal target acetylene could be obtained in high yields using KF in a
non-protic solvent like CH3CN (Scheme 3).

Two possible mechanisms (pathways a and b) have been pro-
posed as shown in Scheme 3, both of which involved intermediacy
of the free alkyne 4a. This was supported by the conversion of free
alkyne to the ketal when a solution of the alkyne in ethylene gly-
col-methanol (5:1) was stirred at rt for 14 h. To gain further in-
sight, the 1H NMR ( Fig. 2) of a d4-MeOH solution of alkyne 4a
was recorded at different time intervals which indicated initial for-
mation of the enol ether (appearance of signals in the region of d
7.1 for aryl-hydrogens and a singlet at d 6.2 for the vinylic-H) for
the proposed intermediate 6 or 11. These signals slowly disap-
peared and the formation of a new product was indicated by a
new set of signals in the aromatic region. ESI mass analysis indi-
cated the presence of two compounds: a major nona-deuteriated
ketal 13 and a minor trideuteriated methyl ketone 14 ( Fig. 3).
The latter was presumably formed by hydrolysis of the ketal. It also
indicated the exchange of alkyne hydrogen with deuterium during
the reaction.



Figure 2. 1H NMR of a d4-MeOH solution of the alkyne taken at different time
points.
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Figure 3. Structures of deuteriated products formed in d4-MeOH.
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Although it is difficult to distinguish between the two mecha-
nisms, path b may appear to be more favoured in view of the re-
ported facile 1, 4-addition in 4-chromenone systems.11 The
nucleophile in this case is probably the alcohol which is activated
via the strong H-bond by the fluoride anion, a well known activator
of the Michael reaction.12 On the other hand, in a further experi-
ment, it has been shown that the fluoride-mediated deprotection
of 2-trimethylsilylethynyl 2-cyclehexenone 15 followed the ex-
pected route producing the corresponding 2-ethynylcyclohexe-
none 16 (Scheme 3). Thus, the participation of ring oxygen lone
pair is necessary for this unexpected conversion. This result seems
to favour the mechanism as depicted in path a.

In conclusion, we have developed an unexpected one-pot
domino conversion of TMS-acetylene to ketal13 in excellent yields
in 4-chromenone systems. Currently we are exploring other het-
erocyclic systems for carrying out similar conversion to explore
the generality of such conversions.
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