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Acyclic 2-diazo-1,3-dicarbonyl compounds react at 20–50 �C with aromatic thioketones and through a
cascade process, involving the cycloaddition of a diazo group dipole with the C@S bond, elimination of
nitrogen from the arising thiadiazoline, and subsequent [1,5]-electrocyclization of the intermediate
C@S-ylide, the relevant oxathioles being formed in yields of up to 70%. Carbocyclic 2-diazo-1,3-diketones
at room temperature react with thiones much more slowly, but with increasing temperature they partly
decompose to produce, via Wolff rearrangement, 2-oxoketenes, which yield [4+2]-cycloaddition prod-
ucts, that is oxathiinones and/or oxoketene dimers.

� 2012 Elsevier Ltd. All rights reserved.
Cycloaddition of aliphatic diazo compounds with unsaturated active superdipolarophiles in these reactions, that is thiobenzophe-

compounds is well-known and is widely used for the preparation
of a variety of nitrogenous and other heterocycles.1–5 The most
reactive dipoles in these processes are diazoalkanes and 2-diazok-
etones, while the cycloaddition of 2-diazo-1,3-dicarbonyl com-
pounds with ordinary dipolarophiles is considered to be far less
common.6,7 To the best of our knowledge, detailed studies of cyclo-
addition reactions of diazodicarbonyl compounds have not been
conducted, and the literature data on this matter is somewhat
contradictory.

In pioneering work by Huisgen and Reissig, it was established
that diazomalonic ester and dibenzoyldiazomethane react easily
with the carbon–carbon triple and double bonds of dialkylpropyne
and an enamine to produce the standard [3+2]-cycloaddition prod-
ucts, pyrazoles, and pyrazolines, respectively.8,9 At the same time,
attempts to carry out the analogous reaction of dibenzoyldiazome-
thane and diazodimedone with DMAD failed.7

Similar inconsistency was observed upon investigation of the
reactions of 2-diazo-1,3-dicarbonyl compounds with aromatic thi-
oketones (‘superdipolarophiles’10). According to recent results,11,12

diazomalonic ester and diazodimedone under standard reaction
conditions, do not interact with the C@S-bond of one of the most
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none, and only after the addition of Rh(II)-catalyst to the reaction
mixture, were the adducts of Ph2C@S with Rh(II)-carbenoids
formed. At the same time, we established13 that diazoacetylace-
tone, the first member of the acyclic diazodiketone series, reacts
with thiobenzophenone even at room temperature giving rise to
an oxathiole. The latter is the typical product of the reaction of dia-
zoketones with the C@S-bond of thiocarbonyl compounds.14,15

The main goal of our research was to perform a comprehensive
study of a variety of reactions of 2-diazo-1,3-dicarbonyl com-
pounds with aromatic thioketones, to elucidate the key features
of these processes, and to establish their feasibility for the prepara-
tion of oxathioles and other heterocyclic compounds.

Typical representatives of 2-diazo-1,3-dicarbonyl compounds of
different types were used in this study. These included acyclic dia-
zodiketones 1a–c, diazoketoester 1d, and carbocyclic diazodike-
tones 1e–h. As dipolarophiles, three aromatic thioketones were
used, thiobenzophenone 2a, 4,4’-dimethoxythiobenzophenone
2b, and thiofluorenone 2c, which are known to possess consider-
ably different reactivity in cycloaddition processes (Fig. 1).10

The reactions were carried out in benzene or toluene solutions
at various temperatures (18–23, 50 or 80 �C) depending on the
reactivity of the diazodicarbonyl compound.

It was found that acyclic diazo compounds 1a–d, even at stan-
dard temperatures (18–23 �C), reacted with thiobenzophenone 2a
to produce oxathioles as the sole reaction products (Scheme 1).16
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Figure 1. Structures of the diazodicarbonyl compounds 1a–h and thioketones 2a–c used in this study.

3096 V. A. Nikolaev et al. / Tetrahedron Letters 53 (2012) 3095–3099
In the case of unsymmetrically substituted diazodicarbonyl com-
pound 1b (R1 = Me, R2 = Et), two regioisomeric oxathioles 3 and
30 were formed (15% and 25% yields, respectively), while with
methyl diazoacetate 1d, possessing acetyl and methoxycarbonyl
substituents on the diazo group, the reaction occurred regioselec-
tively giving rise to only one isomer of oxathiole 3d (R2 = OMe,
70%).

At 50 �C the rate of the reaction of the acyclic diazodiketones
1a,b with thiobenzophenone 2a increased by approximately seven
times, but the only reaction products (from 1H NMR spectroscopy)
under these conditions were still oxathioles 3 and 30, and their
yields remained essentially the same (54–56%) (Scheme 1).

Di(4-methoxy)thiobenzophenone 2b reacted with acyclic dia-
zodiketones 1a,b similarly to thiobenzophenone 2a to produce
oxathioles 4a,b and 4b0, however the reactions proceeded very
slowly.17 By contrast, the reactions of diazodiketones 1a,b with
thiofluorenone 2c were completed in 20–24 h, but the yields of
the corresponding oxathioles 5a,b and 50b were low (22–44%),18

apparently due to participation of this highly reactive thioketone
in side processes.19

Carbocyclic diazodiketones 1e–h were found to be far less reac-
tive than their acyclic analogues 1a–d at 18–23 �C.20 Increasing the
temperature to 80 �C notably speeded up the process, but partial
decomposition of diazodiketones 1e–h was observed, along with
side processes that gave rise to the formation (along with oxathioles
3e–h) of oxathiinones 6f–h and pyrandiones 7e–h (Scheme 2).

In the case of sterically overcrowded, and thermally the least
stable carbocyclic diazodiketones 1g,h (see below), the main reac-
tion products proved to be oxathiinones 6g,h and pyrandiones
7g,h.
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Scheme 1. Reactions of acyclic diazodicarbony
The structures of isolated compounds 3a–h, 30b, 6f-h, 7e–g were
verified by 1H, 13C NMR and IR spectroscopy, and mass spectrome-
try.22 The most reliable indicators of the 1,3-oxathiolic structure
were the signals of the C@C–O carbon atoms of the heterocycle in
the 13C NMR spectra, which for most of the isolated oxathioles 3,
30 (except for 3d) were in a relatively narrow region of the spectra
at 111–114 ppm. The oxathiole 3d prepared from diazoketoester
1d had this signal at 102.0 ppm. The signals of the corresponding
carbon atoms of the oxathiinone system in compounds 6f–h were
observed at lower field (at 117–120 ppm).22 This allows reliable
discrimination of the oxathiole 3 and oxathiinone 6 structures from
13C NMR spectroscopic data.

The regioisomeric structures 3b and 30b were easily identified
by the locations of the signals of the CH3CO and CH3 groups in
the 1H and 13C NMR spectra. Thus, the acetyl group of isomer 3b
appeared at 2.38 and 31.0 ppm in the 1H and 13C NMR spectra
which were very close in value to the signals of the similar group
in oxathiole 3a (2.38, 30.5 ppm) obtained from diazoacetylacetone
1a. In contrast, the proton and carbon signals of the CH3 group on
the C@C double bond of isomer 30b (2.25, 16.0 ppm) were rather
close to those positions of the signals of the similar group in the
structure of 3a (2.26, 15.7 ppm).

The structures of a few key reaction products, oxathiole 3d and
oxathiinone 6f, were established unambiguously by X-ray crystal
structure analysis (Figs. 2 and 3).23

Thus, the main products from the reactions of acyclic diazodicar-
bonyl compounds 1a–d with aromatic thiones 2a–c were oxathi-
oles. According to the commonly accepted mechanism,14,15 as
applied to 2-diazo-1,3-dicarbonyl compounds A, the formation of
oxathioles B under standard conditions (rt, absence of a catalyst)
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d One diastereoisomer according to 1H NMR spectroscopy. 21

Scheme 2. Reactions of carbocyclic diazodiketones 1e–h with thiobenzophenone 2a. (See above-mentioned references for further information.)

Figure 2. ORTEP-generated24 structure of oxathiole 3d.23 The ellipsoids denote 50%
probability.

Figure 3. ORTEP-generated24 structure of oxathiole 6f.23 The ellipsoids denote 50%
probability.
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can be rationalized via the initial cycloaddition of the diazo group
dipole with the C@S bond of the thioketone giving rise to thiadiaz-
oline C, which is usually extremely unstable. This eliminates a mol-
ecule of N2, and following 1,5-electrocyclization ([1,5]-EC) of the
resulting thiocarbonyl ylide D, the oxathiole B is formed (Scheme 3).

At elevated temperatures or on Rh-catalyzed decomposition of
diazodicarbonyl compound A in the presence of the thioketone,
the generation of the C@S-ylide D is also possible via an alternative
pathway—owing to interaction of the assumed diacylcarbene (or
Rh-carbenoid) E with the sulfur atom of the thiocarbonyl
group.14,15 Subsequent intramolecular 1,5-electrocyclization of
the thiocarbonyl ylide D formed will afford the same oxathioles
B (Scheme 3).

To clarify the possibility of thermal decomposition of the diazo-
dicarbonyl compounds and the probability of the ‘carbenic’ path-
way under the reaction conditions studied, the thermal stability of
a series of 2-diazo-1,3-dicarbonyl compounds 1 was estimated.25

It turned out that all the diazodicarbonyl compounds 1a, c–e, g,
h studied were relatively stable in benzene at 18–20 �C, and
according to 1H NMR data, did not undergo notable decomposition
or other changes over a few months under these conditions [s1/2

(18–23 �C) >> 3 months]. On raising the temperature to 50 �C, dia-
zoacetoacetic ester 1d, diazocyclohexanedione 1e and diazodime-
done 1f also remain unchanged for months. The least stable at
elevated temperatures, as was to be expected from literature
data,26,27 were acyclic 1a–c and sterically crowded diazodiketones
1g,h, with lifetimes of 32–96 h and 0.7–2.3 h at 50 and 77 �C,
correspondingly.

The data obtained enabled us to conclude that at standard tem-
peratures (18–23 �C) the formation of oxathioles D from diazodi-
carbonyl compounds A and thioketones Ar2C@S occured via
cycloaddition of the diazo compounds with the C@S bond of the
thiones (Scheme 3), and not via the initial decomposition of diazo
compound A and the generation of the intermediate thiocarbonyl
ylides D via diacylcarbene E. At the same time, on the basis of
the experimental data in hand we cannot rule out completely the
possibility of the ‘carbenic’ pathway (Scheme 3) at elevated tem-
peratures (>50 �C).

The formation of oxathiinones 6f–h and pyrandiones 7e–h (in
addition to oxathioles 3e–h) in the reactions of carbocyclic diazo-
diketones 1e–h at 80 �C is evidently caused by partial decomposi-
tion and Wolff rearrangement of the diazodiketones 1e–h at
elevated temperature, which gives rise to the appearance of 2-oxo-
ketenes F in the reaction medium (Scheme 4).28,29

Ketene F reacts either with thioketone 2a or with the other
molecule of acylketene, and through Diels–Alder [4+2]-cycloaddi-
tion with the C@S bond of the thioketone or C@C bond of the ke-
tene molecule, oxathiinones 6f–h, and pyrandiones 7e–h are
formed.

In summary, we have established for the first time that acyclic
and carbocyclic 2-diazo-1,3-dicarbonyl compounds 1a–h react at
18–23 �C with aromatic thioketones 2a–c via a cascade process,
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involving the cycloaddition of the diazo group dipole with the C@S
bond, elimination of nitrogen from the intermediate thiadiazoline,
and ensuing [1,5]-electrocyclization of the resultant C@S-ylide, to
give oxathioles in yields of up to 70%.

The carbocyclic 2-diazo-1,3-diketones react more slowly than
their acyclic counterparts. Also, incorporation of an electron-
donating group at the para position of the aryl ring of the thioke-
tone diminishes considerably the efficiency of the addition of the
diazodicarbonyl compounds to the C@S bond of the thione.

On increasing the temperature, the rate of cycloaddition of the
diazodicarbonyl compound increases considerably, but with carbo-
cyclic 2-diazo-1,3-diketones, partial thermolysis, and Wolff rear-
rangement occurs resulting in the generation of 2-oxoketenes,
that leads via [4+2]-cycloaddition to the formation of oxathiinones
and/or oxoketene dimers.
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