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Summary — Reaction of primary aliphatic amines with y-ethylenic thicaldehyde-S-oxides 1a,b affords the corresponding
imines 2a,b via a carbophilic addition of amine. When treated with sodium methoxide (1 equiv) and an excess of a primary
amine, some methyl sulfinates 3 or 6, bearing a benzylic or allylic chain on the sulfur, are converted into imines 4 or 7.
Treatment of the methyl sulfinates 3 with methoxide anion in THF or methanol generally affords a mixture of aldehydes 9, the
corresponding dimethylacetals 14, a,a’-dimethoxydisulfides 10, esters 11, thionoesters 12 and methyl a-methoxysulfinates
15, whose ratios depend on the conditions. The formation of these compounds is best explained by a deprotonation—
elimination of the methyl sulfinates into the corresponding thioaldehyde-S-oxides, which then undergo a carbophilic addition
of methoxide anion or methanol. Several possible reaction paths from the so-formed a-methoxysulfenate anions IX are
discussed for their conversion into the final compounds.

unsaturated sulfinic ester / elimination / thioaldehyde-S-oxide / imine / aldehyde / «,a’-dimethoxydisulfide /
thionoester / methyl a-methoxysulfinate

Résumé — Réactions carbophiles des amines ou du méthanol avec les S-oxydes de thioaldéhydes. Les réactions des
amines aliphatiques primaires avec les S-ozxydes de thioaldéhydes ~-éthyléniques la,b donnent les imines 2a,b par une
addition carbophile de amine. Traités par 1 équiv de méthanolate de sodium et un cxcés d’amine primaire, quelques sulfinates
de méthyle 3 ou 6 portant une chaine benzylique ou allylique lide au soufre, sont transformés en imines 4 ou 7. Les sulfinates
3, traités par des anions méthanolates dans le THF ou le méthanol, donnent généralement des mélanges d’aldéhydes 9,
acétals diméthyliques correspondants 14, disulfures a,a’-diméthozylés 10, esters 11, thionoesters 12 et a-méthozysulfinates
de méthyle 15, dont les proportions dépendent des conditions. La formation de ces composés serait bien expliquée par une
déprotonation—élimination des sulfinates de méthyle 3 ou 6 conduisant auz S-oxydes de thioaldéhydes qui subissent ensuite
une addition carbophile d’anion méthanolate ou de méthanol. Les anions ca-méthoxysulfénates IX ainsi formés peuvent suivre
plusieurs voies réactionnelles qui sont discutées.

ester sulfinique insaturé / élimination / S-oxyde de thioaldéhyde / imine / aldéhyde / disulfure o ,a’-diméthoxylé /
thionoester / a-méthoxysulfinate de méthyle

In a previous communication [1], we reported a novel
preparation of indoles VI by heating the N-arylalk-
1-ene sulfinamides I in various solvents between 85 and
135 °C. The transformation probably occurs via sever-
al intermediates. First, a hetero-Cope-like [3.3]-sigma-
tropic rearrangement gives iminosulfines 1I and then
the corresponding aminosulfines III, which cyclize by
a carbophilic addition to give the indolinesulfenic acids
IV whose aromatization yields the corresponding indole
derivatives VI. In the course of the numerous examples
investigated for our study, we have never obtained the
sulfinamides V from the thiophilic addition of the amine
on the neighboring thioaldehyde-S-oxides (fig 1).

We could not prove the formation of intermediates 11
or ITT because of their great intramolecular reactivity.
We have therefore examined the poorly known reactiv-

* Correspondence and reprints

ity of amines towards some authentic samples of sulfines
or samples generated in situ. We now report the re-
sults of this study, which demonstrates that primary or
secondary aliphatic amines can react with thioaldehyde-
S-oxides in a carbophilic manner. During this work,
we have also observed a novel carbophilic reaction
of methanol or methoxide anions with thioaldehyde-
S-oxides.

Reaction of thioaldehyde-S-oxides with amines

Recent reviews [2] on the chemistry of sulfines indi-
cated that the reactivity of simple sulfines with amines
was virtually unknown; however, our literature search,
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which was as thorough as possible, gave us the follow-
ing information. Some thiophilic additions were estab-
lished after reaction of lithium diisopropylamide with
9-fluorenethione- or substituted thiobenzophenone-
S-oxides [3, 4]. Meanwhile, some carbophilic addi-
tions of amines to sulfines should be mentioned.
Two publications from the 1960s [5, 6] reported the
transformation of two arenecarbothioaldehyde-S-oxides
by an acidic solution of 2,4-dinitrophenylhydrazine
into 2,4-dinitrophenylhydrazones of the corresponding
aldehydes. The Metzner group recorded the efficient
transformation of 1,1,7-trimethylbicyclo[2.2.1]heptane-
2-thione-S-oxide by primary aliphatic amines into the
corresponding imines [7].

We started our study by using authentic samples of
~v-ethylenic thioaldehyde-S-oxides prepared via a con-
vergent synthesis from vinylmagnesium bromide and
methyl sulfinates bearing a 3,v-ethylenic chain on the
sulfur atom (8] (see fig 11 below).

A preliminary attempt was conducted according to
the conditions of the transformation III — IV — VI, ie,
the sulfine 1a was refluxed with 4-methoxybenzenamine
in toluene including an azeotropic distillation of the sol-
vent for 2 h. The crude product analysis (*H NMR) dis-
played the absence of both the starting sulfine and the
corresponding imine while the 4-methoxybenzenamine
(76%) was obtained after flash chromatography. Two
other reactions involving primary aliphatic amines and
sulfines 1a,b, according to Metzner and coworkers’ mild
conditions for imination of a thioketone-S-oxide [7],
yielded the corresponding imines 2a,b, which were fully
characterized by proton NMR spectroscopy (fig 2).

Generally, thioaldehyde-S-oxides must be reacted
rapidly after their preparation and are not practical
starting materials for an exhaustive study of their reac-
tivity. We have therefore investigated their preparation
in situ, from stable and accessible materials and in the
presence of an appropriate nucleophile. Among the dif-
ferent routes developed for the preparation of sulfines,
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some eliminations recorded . in figure 3 have been re-
ported.

— Using triethylamine, the elimination of hydrogen
chloride from sulfinyl chlorides (VIIa) bearing an
a-hydrogen atom was one of the first methods used to
prepare some thioaldehyde-S-oxides [5, 6, 9].

- The elimination of trimethylsilanolate from a-silyl-
sulfinate anions (VIIb) was a route to various sulfines
but not thioaldehyde-S-oxides [2].

— The amine-induced S-elimination of chloroform from
allylic or benzylic trichloromethylsulfoxides (VIIc) has
recently been reported to afford smoothly the corres-
ponding a,f-unsaturated thioaldehyde-S-oxides [10].

- When treated with methoxide anion in CD3OD,
the methyl diarylmethanesulfinates (VIId) can un-
dergo elimination to yield the corresponding thioketone-
S-oxides [11]. Moreover, the rates of elimination of some
methyl substituted 1-naphthylmethanesulfinates (VIIe)
have been determined [12].

The next substrates that came to our attention
were the methyl arenemethanesulfinates 3 on account
of their stability and easy access. They were conve-
niently prepared from the corresponding disulfides [13]
and methanol using N-bromosuccinimide [14]. When
treated with dry sodium methoxide and a slight excess
of a primary aliphatic amine in the conditions summa-
rized in figure 4, the methyl sulfinates 3a—e afforded
smoothly the imines 4a—e isolated by filtration of the
reaction mixture on a short path of basic alumina. The
experiment starting with the para-chloro derivative 3e
also gave a small amount of the thioamide 5a (7%).

The same imination procedure has been carried out
with allylic methyl sulfinates 6a,b, sufficiently substi-
tuted, in order to keep the a,f-conjugated intermedi-
ate sulfines untouched by the alkaline medium (fig 5).
Attempts with the sulfinates 6c,d did not give good
results. Finally, we note that this imination procedure
is not appropriate by using the saturated sulfinate 8,
probably due to the low acidity of the protons next to
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4e 4.CICgHy n.CaHz 41
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the sulfinate group or the instability of the octanethial-
S-oxide intermediate in basic conditions.

These results led us to investigate the study of the re-
activity of arenecarbothioaldehyde-S-oxides prepared in
situ with secondary aliphatic amines. Treatment of sulfi-
nates 3a,c with 1 equiv of anhydrous sodium methoxide
in THF in the presence of 5 equiv of dimethylamine at
0 °C for 4.5 h followed by basic aqueous work-up yielded
the predominant aldehydes 9a,c. Starting from the sul-
finate 3¢, a small amount of thioamide 5b was also
obtained. The similar reaction of sulfinates 3c,d with
sodium methoxide and morpholine (3 equiv) gave com-
parable results (fig 6; table I). In proton NMR spectra
of crude products from entries 1 and 4 we observed very
small amounts of compounds 10-12 generated by car-
bophilic addition of methanol on intermediate sulfines
(see the following section).
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Figure 7 displays some intermediates which appear
to explain the formation of every compound mentioned
above. Similarly to what Kice and coworkers [11, 12]
pointed out for compounds VIId,e, the methyl arene-
methanesulfinates 3 and the allylic methyl sulfinates
6a,b have a labile benzylic (or allylic) proton, which
may be removed easily using sodium methoxide leading
in situ to methanol and the corresponding thioaldehyde-
S-oxides VIlIIa. In the presence of 1 equiv of methoxide
anion and methanol or excess amine compound VIIla
would undergo a carbophilic addition of these nucleo-
philes to give the minor a-methoxysulfenic acid inter-
mediates IX and the predominent a-aminosulfenic acid
intermediates X which probably exist as their sodium
salts [15].

The next section will deal with the results obtained
for the reaction of sulfinates 3 with sodium methoxide
yielding the compounds 9-12, 14 and 15, whose for-
mation from a-methoxysulfenates IX will be discussed
later.

The a-aminosulfenates X possess two apparently
weak bonds: one binds the carbon to the sulfur atom
and the other lies between the sulfur and the oxygen
atom [16]. When R! = alkyl and R? = H, the cleav-
age of the first fragile bond can occur by the loss of
the species NaOSH [17] to yield imines 4 and when
R' = R? = alkyl, by the participation of the nitrogen
lone pair which affords immonium salts XI. It is worth
pointing out that no compound XII was formed by ad-
dition of methanol or amine. The cleavage of the S-O
bond of compound X via a deprotonation in sequence
with an elimination step [18] yielding the thicamides
5 seems to be unlikely on account of the hypothetical
leaving group NaoO.

Similar to the known dimerization of sulfenic acids
or their salts [19], the a-aminosulfenate X could lead to
the a,o’-diaminothiosulfinate intermediates XIII. The
carbophilic reaction of a sulfenic acid to propanethial-
S-oxide has been proposed to explain the formation of
cepaenes in onion homogenates [20]. It is likely that
a similar reaction involving the a-aminosulfenate X
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Table I. Reactions of compounds 3.
Entry 3 Substrate Ar Conditions Molar ratios of crude products®®
9 10 5 11 12
1 3a 1-Naphthyl (CHs)2NH (5 equiv); 0°C; 4.5 h 95 (73) 5
2 3c 4-ClCsH4 (CHs)2NH (5 equiv); 0 °C; 4.5 h 72 (60) 5b: 28 (7)
3 3c 4-ClCeHy Morpholine (3 equiv); 0 °C; 2.5 h; +18 °C; 2 h® 77 (50) 5c: 23 (10)
4 3d  2,4(Cl)2C¢Hs  Morpholine (3 equiv); 0 °C; 2.5 h; +18 °C; 2 h® 70 (45) 5d: 17 (6) 9 4

® The ratios of compounds were determined by comparison of the integrations in the 1H NMR spectra; P the yields (%) of compounds

isolated after flash chromatography are in parentheses; ¢
dichloromethane.

the reaction mixture was treated with dilute aqueous sulfuric acid and
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and thioaldehyde-S-oxide VIIIa could give the addition
compounds XIV (fig 7).

The «,0'-diaminothiosulfinate intermediates XIII
can then undergo a fragmentation [XIII'] to yield
thioamides 5 and a-aminosulfenic acid either free or in
the alkaline form X (fig 8). This transformation can be
induced thermally, similar to some known cases [21], or
can be caused by a deprotonation by methoxide anions
present in the reaction mixture. The departure of sulfe-
nate anion shown in formula XIII" is known to occur
easily for other compounds [22].

The addition compound XIV should, as shown in the
formula XIV’, easily lead to the a-aminosulfenates X
and the oxathiiranes XV followed by sulfur extrusion

[23] yielding finally the aldehydes 9 (fig 9). It should be
noted that the intermediates XIV experience a double
instability factor due to the neighborhood of the sulf-
oxide group with the sulfur atom from the NaOS group
[24] and the amino group [25].

Reactivity of thioaldehyde-S-oxides
with methanol or methoxide anions

At the beginning of this study we reacted the sulfine 1a
with excess methanol at RT for 4 h to obtain a mix-
ture of products whose proton NMR. spectrum reveals
the entire consumption of the starting sulfine and at
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about 3.3 ppm the presence of ten peaks assigned to the
methoxy groups. Unfortunately, attempts to separate
the reaction products by flash chromatography failed.
The treatment of the sulfine 1b by methanol in the pres-
ence of 0.5 equiv of pyridinium pare-toluenesulfonate at
—18 °C for 2 days then at +5 °C for 2 days and finally at
+18 °C for 12 h yielded, after column chromatography,
a mixture of two isomers (30%) whose stucture can rea-
sonably be 13 (fig 10). We have not continued with
the study of the reactivity of y-ethylenic thioaldehyde-
S-oxides towards methanol in neutral or acidic condi-
tions because of the numerous possibilities for evolution
of é-ethylenic-a-methoxysulfenic acids generated by a
carbophilic addition of methanol to the sulfine group
and yielding finally unstable products.
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It is worth mentioning the experimental details of the
reaction of vinylmagnesium bromide with methyl sulfin-
ates bearing a [3,y-ethylenic .chain on the sulfur atom
[8] (fig 11). After 30 min of stirring at —78 °C, the re-
action mixture (allyl vinylsulfoxide XVIII and methoxy
magnesium bromide) was hydrolyzed at around —70 °C
by addition of an aqueous solution of ammonium chlo-
ride. After ethereal dilution, the cooling bath was taken
away and the reaction mixture allowed to rise to RT
before regular work-up. It is reasonable to assume that
the [3.3]-sigmatropic rearrangement occurred while the
temperature rose from —70 °C to RT, and so the final
sulfine was not in the presence of methoxy magnesium
bromide; this point is essential for the success of the
experiment.

0 BrMg 0
il 11 O
S...CH; S 1
O “yiE 7sec \” THCIRT _S
A A
ﬂ.CsHﬂ
n.CgH,, CHzOMgBr Ln.CgH,,
6c Xvii 1a
Fig 11

In a modified experimental procedure, the cooling
bath was removed after 30 min of reaction at —78 °C
of the sulfinate 6¢ with the vinylmagnesium bromide
thus allowing the temperature to rise to RT. Following
the reaction by TLC, we could detect the presence of
the sulfoxide XVIII near to the peak for sulfine 1a.
Finally, after 2.5 h of reaction at RT, hydrolysis and
usual work-up procedure gave a very viscous residue
in which proton NMR analysis indicated the absence of
the sulfine 1a, whose reaction with methoxy magnesium
bromide had given a complex mixture of unidentifiable
compounds.

As regards the reactivity of thioaldehyde-S-oxides
with methoxide anions, we have recorded Kice and
Lotey’s [12] remark concerning the transformation il-
lustrated in figure 12 from which yield and mechanistic
details were not considered. It is noteworthy that the
authors [12] indicated that the reaction did not yield the
methyl (2-methoxy-1-naphthyl)methanesulfinate which
could have resulted from thiophilic addition of methanol
or methoxide anion on the sulfine.

+ -
H /SNO H /O
OCH;, OCH;
OO 1 eq CH3O ; CH3OH OO
+18°C, 1h
principal product
QCHS
Ss
~0
! l OCHj;
Fig 12
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Kice and Lotey [12] also reported the methanol
elimination rate by reaction of methoxide anions with
methyl (1-naphthyl)methanesulfinates variously sub-
stituted on the aromatic ring and established that
the sulfine transformation occurred via an irreversible
E;CB-type mechanism. This leads us to believe that
methyl arenemethanesulfinates 3a—e treated solely with
methoxide anions in a solvent should also give in situ
the corresponding thioaldehyde-S-oxides, which can un-
dergo some interesting transformations to yield a se-
ries of characterizable final products. The structural
determination of these compounds would indeed help
obtain information on the reactivity of arenecarbothio-
aldehyde-S-oxides towards methoxide anions.

Working on the system of parameters base/solvent/
temperature, we have obtained the results summarized
in figure 13 and table II. Thus, the methyl arene-
methanesulfinates 3a—e reacted with lithium or sodium
methoxide in THF or methanol to yield the mixtures of
products 9-12, 14 and 15, whose ratios depend on the
reaction conditions and on the nature of the aryl group.
The structures of some chromatographed non-separ-
ated products have been established by the presence of
characteristic signals in the proton NMR spectra. The
new «,o’-dimethoxydisulfides 10b,d are obtained as a
mixture of inseparable isomers dl and meso and have
been fully characterized by their spectroscopic data,
which match those of compound XIX (fig 13) prepared
by another route [26]. The newly formed methyl
a-methoxysulfinate 15d (entries 22 and 23), isolated
by column chromatography, was also a mixture of two
inseparable isomers. Concerning the influence of the re-
action conditions on the ratios of final products, the
examination of the results exposed in table IT leads to
the following remarks.

— The aldehydes 9 are not always predominantly formed
and the dimethylacetals 14 remain a minor component.
— Substantial amounts of a,a’-dimethoxydisulfides 10
are obtained after treatment at 0 °C (entries 12, 13,
19, 22, 23 and 25) or at RT (entries 5-7, 10, 11, 17
and 21). The comparison of entries 9 and 10 shows that
the presence of 3 equiv of LiOMe lowers the yield in
aldehyde 9 in favor of the acetal 14b and disulfide 10b.
— Increasing the temperature of the reaction causes
the disappearance of the disulfide 10b along with
a greater proportion in the thionoester 12b (entries
13-15). The same effect has been observed for exper-
iments 19, 20 and 23, 24. We have checked that reflux-
ing the pure «,o’-dimethoxydisulfides 10c or 10d with
sodium or lithium methoxide in methanol indeed gave
the thionoesters 12c or 12d.

- The methyl a-methoxysulfinates 15b—d have been
obtained in fair yields when the reactions were carried
out in methanol at 0 °C (entries 13, 19, 22 and 23).
The a-methoxysulfinate 15d was found to be unstable
(decomposition after a few hours at RT') and this insta-
bility is analogous to that already established for some
a-methoxysulfoxides [27].

In order to explain the formation of this series
of products, it was reasonable to suppose as above
that the reaction of the sulfinates 3 proceeds firstly
by an elimination giving in situ the corresponding
arenecarbothioaldehyde-S-oxides VIIIa and secondly by
the carbophilic addition of methoxide anion affording
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the a-methoxysulfenate anions IXa. Species IXa, and
especially their lithium salts, could exist in a chelated
form analogous to that of compounds XX [28] and be re-
sponsible for the following reactions (fig 14). The cleav-
age of the weak S-O bond of compound IXa via a de-
protonation in sequence with an elimination step [29]
vielding the thionoesters 12 seems to be unlikely on
account of the hypothetical leaving group NagO. The
a-methoxysulfenate intermediates 1Xa, on departure of
~SOM (IX'a), can give the carbocations XXI doubly
stabilized by the neighboring aromatic ring and the
ether group. These carbocations XXI would finally yield
the dimethylacetals 14 in the presence of anhydrous
methanol and methoxide anions [30].
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Dimethylacetals 14

Fig 14

Sulfenic acids or their salts in aqueous solution are
known to readily dimerize with the loss of water to
form thiosulfinates [19]. Thus it seemed likely that the
a-methoxysulfenate anions IX could similarly lead
to the a,o’-dimethoxythiosulfinate intermediates XXII
which can then undergo the following reactions (fig 15).
~ The thiosulfinate XXII can undergo a fragmenta-
tion [XXII'] to yield thionoesters 12 and o-methoxy-
arenesulfenic acid either free or in the alkaline salt
form IX. This transformation could be caused by a
deprotonation by methoxide anions present in the re-
action mixture or can be induced thermally similar to
some known cases [21]. In our case, this reaction should
be very easy due to the weakness of the thiosulfinate
S-S bond together with the enhanced benzylic hydro-
gen acidity.

— A disproportionation reaction known to occur in basic
conditions [31] yielding the a,o’-dimethoxydisulfides 10
and the a-methoxysulfinate anions, which were not
isolated in our case.

- A base-catalyzed fragmentation [54] of the disulfides
10 affording the thionoesters 12 and the a-methoxy-
thiolate anions XXIII. The disulfides 10 can be formed
again by the reactions of XXIII with XXII or with IXa
(32).

A rearrangement of thiosulfinate XXII into XXIV is
possible, analogous to that already observed for other
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unstable a-methoxysulfoxides [27]. The base-catalyzed
elimination shown in formula XXIV’ could then lead to
aldehyde 9, thionoester 12 and sulfur. The formation of
methyl a-methoxysulfinates 15 may be explained by a
nucleophilic attack of methoxide anions on the sulfinyl
group of the thiosulfinate species XXII (fig 16).
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Fig 16

To the best of our knowledge, no literature data is
available concerning the reactivity of thiosulfinates with
methoxide anions. We have attempted this reaction in
the case of two authentic thiosulfinates 16a,b. The cor-
responding methyl arenesulfinates 17a,b were obtained
in modest yields due perhaps to the facile reaction of
liberated thiolate anions Ar’-S~ with the starting thio-
sulfinates yielding the disulfides 18 (fig 17).

Similarly to the reaction of a-aminosulfenates X with
sulfines VIIIa postulated above, it is likely that com-
bination of a-methoxysulfenates IXa with VIIIa could

Q Q
H
S\ Ar' NaOCH3 S
ArTNE” —_— Ar” “OCH3 Ar,,sa—z-
CH30H
Ar Ar'
16a 4.CH3CeHy 4.CH3-CeHa 17a (16%) 18 (54%)
16b 4.CH30-naphthyl 4.CHg-CgHa 17b (32%) (28%)
Fig 17

lead to the intermediates XXV. The substitution step
exposed in formula XXV’ would still give the oxathi-
iranes XV and then the aldehydes 9. It must be under-
stood that intermediates XXV are doubly unstable due
to the neighboring sulfoxide group with the sulfur atom
from the NaOS group [24] and the methoxy group [27].
This instability could be the source of aldehydes 9 for-
mation (fig 18). On the subject of the sulfur extrusion
proposed for the above-mentioned reactions, we must
report that in the course of the experiments summa-
rized in table II, we have indeed observed the formation
of yellow-red coloration before aqueous work-up, as well
as heterogeneous colloidal-like suspensions.

Ar S.
CHaw . M ® Q
1
Arj\s’o AreS- o CH30 SQO M
Ar
IXa + Vlla ——» XXV
I
e B %
H CH30\T,S\ M@
Ar
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MOCH3

Aldehydes 9 — Methyl esters 11
Cannizzaro
Fig 18

The formation of methyl esters 11 comes from
a Cannizzaro-type reaction [33] of aldehydes with
methoxide anions. In order to check, we reacted
the authentic 4-chlorobenzaldehyde with a solution
of sodium methoxide (1 equiv) in refluxing methanol
for 2 h and found a mixture aldehyde 9c/methyl
4-chlorobenzoate/4-chlorobenzyl alcohol in the ratio
80:9:11 (proton NMR titration).

We have examined the reactivity of some methyl al-
lylic sulfinates, which could resemble that of benzylic
sulfinates. The sulfinate 6b treated with 1 equiv of
sodium methoxide in methanol yielded the correspond-
ing a,3-ethylenic aldehyde (34%). The poor yield ob-
tained did not encourage us to go any further in that
direction because of the aptitude of these conjugated
aldehydes to give side reactions in a basic medium.



Conclusion

The results reported herein concerns the formation of
imines by the reaction of primary aliphatic amines
with some authentic y-ethylenic thiocaldehyde-S-oxides
and several examples for the in situ formation of
a-aromatic or o,f8-ethylenic thioaldehyde-S-oxides
starting from methyl arenemethanesulfinates or methyl
alk-2-enesulfinates together with some new information
about the reactivity of these sulfines towards amines or
methoxide anion.

We must also underline the extreme complexity of
the reactions given by the various intermediates that
we have proposed and, in the present state of our
work, it is difficult to specify the mechanism for the
evolution of the a-amino- or a-methoxysulfenates X and
IX intermediates. In any case, the intermediates IX and
X seem to be, without any doubt, responsible for the
formation of the final products [55].

Experimental section

The general experimental conditions have been described
previously [34].

N-(3-Ethenyloctylidene Jbenzenemethanamine 2a

Benzylamine (0.531 g; 0.54 mL; 4.96 mmol) was slowly
added to a stirred solution of freshly prepared (8] sulfine
1a (0.462 g; 2.48 mmol) in anhydrous THF (7.5 mL) under
nitrogen at 0 °C. The yellow color of the solution deepened
and the cooling bath was removed. The solution rapidly be-
came turbid and a precipitate slowly appeared. The reaction
mixture was stirred at room temperature for 3 h and then
filtered on a short column of basic alumina. After evapo-
ration of the solvent, the crude product was dissolved in
pentane and purified by repeated filtrations on a column of
basic alumina, affording the imine 2a (0.300 g; 50% yield).

IR (film): 1660, 1450, 915 cm™?.

'H NMR (CDCls, 250 MHz): § 7.78-7.74 (m, 1H); 7.4-7.2
(m, 5H); 5.68-5.49 (m, 1H); 5.15-4.97 (m, 2H); 4.57 (s,
2H); 3.03-2.59 (m, 2H); 2.31-2.08 (m, 1H); 1.54-1.12 (m,
8H); 0.9 (t, J = 6.4 Hz, 3H) (35].

3C NMR (CDCls, 62 MHz): § 165.5 (d); 141.9 (d); 139.2
(s); 130.7 (s); 128.4 (d); 127.9 (d); 114.8 (t); 65.1 (t); 41.7
(d); 40.9 (t); 34.7 (t); 31.8 (t); 26.5 (t); 22.5 (t); 14.0 (q).

MS (CI, NH3): m/z 244 (M* + 1, 100); 216 (2); 100 (12).

Imine 2b

Prepared by the same procedure as above, using 3 equiv of
isopropylamine and purified by a single filtration on basic
alumina (64%).

IR (film): 1650 cm™!.

'H NMR (CDCls, 250 MHz): § 7.60 (t, J = 5.5 Hz, 1H); 5.73
(dd, J = 17.5 Hz and 11 Hz, 1H); 5.12 (dd, J = 11 Hz and
1.1 Hz, 1H); 4.98 (dd, J = 17.5 Hz and 1.1 Hz, 1H); 3.23
(h, J = 6.5 Hz, 1H); 2.24 (d, J = 5.5 Hz, 2H); 1.75-1.20
(m, 10H); 1.13 (d, J = 6.5 Hz, 6H).

Methyl 1-naphthylmethanesulfinate 3a

1-Naphthylmethanethiol [12] was converted by bromine and
aqueous potassium hydrogen carbonate [36] into the corre-
sponding disulfide (89%).
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'H NMR (CDCls, 250 MHz): § 8.0-7.92 (m, 2H); 7.86-7.74
(m, 4H); 7.57-7.44 (m, 4H); 7.38-7.28 (m, 2H); 7.11-7.07
(m, 2H); 3.93 (s, 4H).

Following a slightly modified procedure [14], the above
disulfide was dissolved in dichloromethane and treated with
N-bromosuccinimide (3 equiv) and methanol at 0 °C for
20 min, then at room temperature for 1 h. The crude product
was purified by flash chromatography on silica gel affording
the pure sulfinate 3a (81% yield). Mp 110 °C (lit {12]: mp
106-108 °C).

'H NMR (CDCl3, 250 MHz): § 8.09-8.03 (m, 1H); 7.92-7.82
(m, 2H); 7.53-7.45 (m, 4H); 4.55 (d, J = 12.5 Hz, 1H);
442 (d, J = 12.5 Hz, 1H); 3.73 (s, 3H).

13C NMR (CDCls, 62 MHz): § 133.8 (s); 132.1 (s); 129.6
(d); 129.2 (d); 128.8 (d); 126.7 (d); 126.1 (d); 125.5 (d);
125.4 (s); 123.5 (d); 62.0 (q); 54.7 (t).

Methyl (4-methylphenyl)methanesulfinate 3b

Following a previously described procedure [14], bis-
[(4-methylphenyl)methyl]disulfide was converted into the ti-
tle sulfinate (78%); bpo.1 = 175 °C.

IR (film): 2920, 1510, 1450, 1405, 1115, 995, 880, 820,
700 cm ™.

'H NMR (CDCls, 250 MHz): 6 7.22-7.18 (m, 4H); 4.02 (d,
J = 132 Hz, 1H); 3.92 (d, J = 13.2 Hz, 1H); 3.74 (s,
3H); 2.35 (s, 3H).

13C NMR (CDCls, 62 MHz): 6 138.2 (s); 132.0 (d); 129.5
(d); 125.4 (s); 63.5 (q); 54.8 (t); 21.6 (q).

MS (CI, NHa): m/z 202 (MT + 18, 25); 185 (M* + 1, 11);
110 (100).

Anal calc for CoH12028: C, 58.66; H, 6.56. Found: C, 58.52;
H, 6.64.

1,1-Dimethylethyl ({-methylphenyl)methanesulfinate

Similarly to a previously described procedure [37], the

reaction of (4-methylphenyl)methyl magnesium bromide

with morpholine-4-sulfinyl chloride in THF/toluene at

—60 °C then slowly warming to room temperature for

1 h, afforded 4-[(4-methylphenyl)methylsulfinyllmorpholine

(71%); mp 93 °C.

'H NMR (CDCls, 250 MHz): 6§ 7.2-7.1 (m, 4H); 4.07-3.92
(m, 2H); 3.75-3.65 (m, 4H); 3.25-3.12 (m, 2H); 3.12-3.0
(m, 2H); 2.35 (s, 3H).

130 NMR (CDClg, 62 MHz): § 137.8 (s); 129.8 (d); 129.5
(d); 1274 (s); 66.8 (t); 58.5 (t); 45.6 (t); 21.1 (q).

MS (CI, NH3): m/z 240 (MT + 1, 12); 239 (M™, 51); 191
(39); 134 (100).

Anal calc for C12H17NO,S: C, 60.21; H, 7.16; N, 5.84. Found:
C, 60.06; H, 7.03; N, 5.78.

When treated in dichloromethane with 2-methylpropan-
2-ol (5 equiv) and boron trifluoride etherate (1.5 equiv)
at 0 °C for 3 h and then at room temperature for 20 h,
the above sulfinamide was converted into the corresponding
1,1-dimethylethyl sulfinate (74%).

'H NMR (CDCls, 250 MHz): é 7.20-7.10 (m, 4H); 3.96 (d,
J = 12.5 Hz, 1H); 3.88 (d, J = 12.5 Hz, 1H); 2.33 (s,
3H); 1.26 (s, 9H).

13C NMR (CDCls, 62 MHz): § 137.8 (s); 130.3 (d); 129.2
(d); 126.4 (s); 82.2 (s); 64.6 (t); 29.4 (q); 21.1 (a).

MS (CI, NH3): m/z 244 (MT + 18, 65); 227 (M* + 1, 30);
216 (8); 188 (57); 127 (100).

Anal calc for C12H158028: C, 63.68; H, 8.02. Found: C, 63.55;
H, 8.12.
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Methyl ({-chlorophenyl)methanesulfinate 3c

Obtained (82%) from bis[(4-chlorophenyl)methyl]disulfide;

bp 0.02 = 100 °C.

'H NMR (CDCls, 250 MHz): § 7.40-7.32 (m, 2H); 7.29-7.21
(m, 2H); 4.02 (d, J = 13.2 Hz, 1H); 3.93 (d, J = 13.2 Hz,
1H); 3.76 (s, 3H).

3¢ NMR (CDCls, 62 MHz): § 134.4 (s); 131.8 (d); 129.0
(d); 127.1 (s); 63.0 (q); 54.8 (t).

MS (CI, NHs): m/z 244 (M* + 18, 40); 222 (M* + 18, 10);
207 (Mt + 1, 2); 205 (MT + 1, 19); 125 (11).

Anal calc for CgHoClO2S: C, 46.95; H, 4.43. Found: C, 47.03;
H, 4.39.

Methyl (2,4-dichlorophenyl)methanesulfinate 3d

Obtained (91%) from bis[(2,4-dichlorophenyl)methyl]disul-

fide.

'H NMR (CDCls, 250 MHz): § 7.46-7.42 (m, 1H); 7.33-7.24
(m, 2H); 4.20 (d, J = 13.2 Hz, 1H); 4.08 (d, J = 13.2 Hz,
1H); 3.77 (s, 3H).

13C NMR (CDCl3, 62 MHz): § 135.5 (s); 135.1 (s); 133.5
(d); 129.4 (d); 127.5 (d); 126.1 (s); 61.1 (q); 54.8 (t).

MS (CI, NH3): m/z 258 (MT + 18, 52); 256 (M™ + 18, 100);
241 (M7T + 1, 27); 239 (M* + 1, 45); 178 (22); 176 (35);
161 (34); 159 (53).

Anal calc for CgHgCl202S: C, 40.18; H, 3.37. Found: C,
40.09; H, 3.41.

Methyl (4-bromophenyl)methanesulfinate 3e

Obtained (73%) from bis|(4-bromophenyl)methyl]disulfide;

bp 0.03 = 145 °C.

IR (film): 2930, 1705, 1585, 1480, 1400, 1115, 1070, 990,
880, 840, 810, 695 cm ™.

'H NMR (CDCl3;, 250 MHz): é 7.55-7.45 (m, 2H); 7.29-7.21
(m, 2H); 3.99 (d, J = 13.1 Hz, 1H); 3.90 (d, J = 13.1 Hz,
1H); 3.75 (s, 3H).

13C NMR (CDCls, 62 MHz): § 132.1 (d); 131.9 (d); 127.6
(s); 122.6 (s); 63.1 (q); 54.8 (t).

MS (CI, NH3): m/z 268 (M* + 18, 68); 266 (M* + 18, 72);
251 (MT + 1, 64); 249 (M* + 1, 67); 188 (19); 186 (20);
171 (100); 169 (98).

Anal calc for CgHgBrO,S: C, 38.57; H, 3.64. Found: C, 38.65;
H, 3.59.

N-(1-Naphthylmethylidene )propanamine 4a

e General procedure

A solution of methyl 1-naphthylmethanesulfinate 3a (0.22 g;

1 mmol) in anhydrous THF (2 mL) was added to a so-

lution of dry sodium methoxide (0.06 g; 1.1 equiv) and

n-propylamine (0.177 g; 0.245 mL; 3 equiv) in THF (3 mL)

at 0 °C. The yellow solution was stirred at 0 °C for 30 min

then at room temperature for 2 h. The resulting yellow red-

dish heterogeneous mixture thus obtained was poured on a

short column of basic alumina and the column was washed

with anhydrous ether (50 mL). The combined filtrates were
evaporated under reduced pressure affording a mixture of
imine 4a and naphthalene-1-carbaldehyde (91:9) (124 mg;

63%).

IR (film): 1689, 1643 cm™ .

'H NMR (CDCls, 250 MHz): § 8.94 (s, 1H); 8.87 (d,
J = 8.75 Hz, 1H); 7.93-7.85 (m, 3H); 7.62-7.47 (m, 3H);
3.71 (t, J = 7.5 Hz, 2H); 1.82 (tt, J = 7.5 Hz and 7.5 Hz,
2H); 1.02 (t, J = 7.5 Hz, 3H).

13C NMR (CDClg, 62 MHz): § 160.4 (d); 134.0 (s); 132.0
(s); 1314 (s); 130.8 (d); 128.7 (d); 128.5 (d); 127.1 (d);
126.1 (d); 125.4 (d); 124.4 (d); 64.6 (t); 24.4 (t); 12.1 (q).

MS (CI, NHs): m/z 199 (M™* + 2, 40); 198 (M* + 1, 100);
173 (27); 171 (29).

o N-/(4-Methylphenyl)methylidene/benzene-
methanamine 4b

Following the above general procedure with 2 equiv of

benzenemethanamine and stirring at room temperature for

3 h, the crude product could not be separated from benzene-

methanamine by chromatography on a column of basic

alumina, eluting with pentane. The two first fractions were

mixtures of imine/amine in the ratio 84:16, and gave a

'H NMR spectrum from which the following characteristic

signals of the imine 4b were extracted.

'H NMR (CDCls, 250 MHz): & 8.35 (s, 1H); 7.67 (d,
J = 8 Hz, 2H); 7.37-7.16 (m, 7H); 4.8 (s, 2H); 2.37 (s,
3H).

30 NMR (CDCl3, 62 MHz): § 161.9 (d); 141.0 (s); 139.4
(s); 133.5 (s); 129.3 (d); 128.4 (d); 128.2 (d); 127.9 (d);
126.9 (d); 65.0 (t); 215 (q).

o N-/(4-Methylphenyl)methylidene]/propanamine 4c

IR (film): 1640 cm™*.

"H NMR (CDCls, 250 MHz): § 8.25 (s, 1H); 7.62 (d,
J =8 Hz, 2H); 7.22 (d, J = 8 Hz, 2H); 3.57 (td, J = 7 Hz
and 1.5 Hz, 2H); 2.37 (s, 3H); 1.72 (tq, J = 7.5 Hz and
7.5 Hz, 2H); 0.95 (t, J = 7.5 Hz, 3H).

o N-[({-Methylphenyl)methylidene/-1-methyl-
ethanamine 4d

IR (film): 1635 cm™".

'H NMR (CDCls, 250 MHz): 6 8.27 (s, 1H); 7.62 (d,
J = 8.2 Hz, 2H); 7.26 (d, J = 8.2 Hz, 2H); 3.51 (h,
J = 6.3 He, 1H); 2.37 (s, 3H); 1.25 (d, J = 6.3 Hz, 6H).

o N-/(4-Chlorophenyl)methylidene/propanamine 4e
The general procedure was slightly modified. A solution of
methyl sulfinate 3¢ and n-propylamine (3 equiv) in THF
was added to a suspension of dry sodium methoxide in THF
at 0 °C. After 15 min at 0 °C, the mixture was stirred at
room temperature for 43 min. Filtration on a short column
of basic alumina with ether as eluent afforded a mixture
(85:15) of imine 4e and thicamide 5a.

'H NMR (CDCls, 250 MHz): & 8.23 (s, 1H); 7.67 (d,

J = 85 Hz, 2H); 7.38 (d, J = 8.5 Hz, 2H); 3.57 (td,

J = 7 Hz and 1.2 Hz, 2H); 1.72 (tq, J = 7.5 Hz and

7.5 Hz, 2H); 0.95 (t, J = 7.5 Hz, 3H).

The thicamide 5a showed the following characteristic
signals: 7.66 (d, J = 8.75 Hz, 2H); 3.77 (td, J = 7.5 Hz
and 5 Hz, 2H); 1.78 (tq, J = 7.5 Hz and 7.5 Hz, 2H); 1.05
(t, J = 7.5 Hz, 3H) identical to that of an authentic sample
prepared following a described procedure [38].

e /-Chloro-N-propylbenzenecarbothioamide ba

'H NMR (CDCls, 250 MHz): 6 7.66 (d, J = 8.75 Hz, 2H);
7.34 (d, J = 8.75 Hz, 2H); 3.77 (td, J = 7.5 Hz and
5 Hz, 2H); 1.78 (tq, J = 7.5 Hz and 7.5 Hz, 2H); 1.05 (t,
J = 7.5 Hz, 3H).

13 NMR (CDCls, 62 MHz): § 197.6 (s); 140.2 (s); 137.1 (s);
128.5 (d); 128.0 (d); 48.6 (t); 21.4 (t); 11.5 (q).

o /-Chloro-N,N-dimethylbenzenecarbothioamide 5b
Mp 78 °C; lit [39): mp 79-80 °C.
'H NMR (CDCls, 250 MHz): § 7.39-7.21 (m, 4H); 3.59 (s,
3H); 3.17 (s, 3H).



13C NMR (CDCls, 62 MHz): 6 199.9 (s); 141.7 (s); 134.6 (s);
128.6 (d); 127.3 (d); 44.1 (q); 43.3 (q).

o 4-[(4-Chlorophenyl)thiozomethyl/morpholine 5¢ [40]

'H NMR (CDCls, 250 MHz): & 7.42~7.17 (m, 4H); 4.47-4.36
(m, 2H); 3.96-3.84 (m, 2H); 3.72-3.56 (m, 4H).

13C NMR (CDCl3, 62 MHz): 6 199.4 (s); 140.6 (s); 134.8 (s);
128.7 (d); 127.3 (d); 66.5 (t); 66.4 (t); 52.5 (t); 49.5 (t).

MS (CI, NH3): m/z 244 (M* + 1, 47); 242 (M* + 1, 100);
140 (24).

e {-[(2,4-Dichlorophenyl)thiozomethylJmorpholine 5d
41

'H NMR (CDCls, 250 MHz): 6 7.43-7.36 (m, LH); 7.43-7.20
(m, 2H); 4.53-4.32 (m, 2H); 3.98-3.80 (m, 2H); 3.83-3.35
(m, 4H).

130 NMR (CDCls, 62 MHz): 6 194.8 (s); 139.5 (s); 134.8 (s);
129.5 (d); 129.0 (s); 128.8 (d); 127.8 (d); 66.4 (t); 66.3 (t);
51.7 (t); 49.0 (t).

N-/8,7-Dimethylocta-2, 6-dienylidene/propanamine Ta

The starting material methyl 3,7-dimethylocta-2,6-diene-
1-sulfinate was prepared following a described procedure
[42].

'"H NMR (CDCls, 250 MHz): 6 8.19 and 8.13 (dt, J = 9.3 Hz
and 1.2 Hz, 2H); 6.0 (broad d, J = 6 Hz, 2H);
5.17-5.02 (m, 2H); 3.47-3.33 (m, 4H); 2.39-2.28 (m,
2H Z); 2.23-2.06 (m, 2H Z + 4H E); 1.92 (d, J = 1.2 Hz,
3H E); 1.87 (d, J = 1.2 Hz, 3H Z); 1.73-1.54 (m, 16H);
0.92 (t, J = 7.4 Hz, 3H); 0.90 (t, J = 7.4 Hz, 3H).
The spectrum is comparable to that described for N-
(3,7-dimethylocta~2,6-dienylidene) prop-2-enamine [43].

o N-/3,7-Dimethylocta-2, 6-dienylidene]-1-methyl-
cthanamine Tb

'H NMR (CDCls, 250 MHz): 6 8.23 and 8.17 (d, J = 9.3 Hz,
2H); 6.0 (broad d, J = 9.3 Hz, 2H); 5.17-5.02 (m, 2H);
3.32 (h, J = 6.5 Hz, 2H); 2.38-2.28 (m, 2H Z); 2.24-2.09
(m, 40 E + 2H 2); 1.92 (d, J = 1 Hz, 3H); 1.88 (d,
J = 1.2 Hz, 3H); 1.69 (broad s, 6H); 1.60 (broad s, 6H);
1.20 (d, J = 6.5 Hz, 6H); 1.18 (d, J = 6.5 Hz, 6H).

o N-(2-Cyclohexylideneethylidene Jpropanamine Tc

'H NMR (CDCl3, 250 MHz): § 8.21 (broad d, J = 9.3 Hz,
1H); 5.94 (broad d, J = 9.3 Hz, 1H); 3.40 (td, J = 7.5 Hz,
9H): 2.50-2.38 (m, 2H); 2.30-2.16 (m, 2H); 1.73-1.52 (m,
8H); 0.92 (t, J = 7.5 Hz, 3H).

Methyl octane-1-sulfinate 8

Following a slightly modified procedure [44], an ethereal

solution of n-octylmagnesium bromide was slowly added to

an ethereal solution of methyl chlorosulfinate (1.2 equiv) at

—60 °C. After stirring at —60 °C for 2.5 h, the mixture

was slowly allowed to warm to room temperature. The

usual work-up afforded a crude product, which was distilled.

Bp = 92-93 °C.

'H NMR (CDCls, 250 MHz): 6 3.78 (s, 3H); 2.85-2.60 (m,
9H); 1.75-1.60 (m, 2H); 1.46-1.20 (m, 12H); 0.93-0.84
(m, 3H).

MS (CI, NH3): m/z 210 (M* + 18, 100); 193 (M* + 1, 97);
178 (5); 161 (10).
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Representative procedure for the treatment of sulfinates
3 with methozide anions

To a mixture of dry sodium (or lithium) methoxide
(1.1 mmol) in anhydrous THF (3 mL) (or methanol, see
table II) cooled at 0 °C was added a solution of sulfinate 3
(1 mmol) in THF (2 mL) (or methanol). The yellow suspen-
sion was stirred at the temperatures and for the number of
times indicated in table II. The final work up were done ei-
ther with aqueous NH4Cl and ether (procedure A) or brine
and ether (procedure B).

o Naphthalene-1-carbaldehyde 9a

'H NMR (CDCl;, 250 MHz): 6 10.4 (s, 1H); 9.26 (d,
J = 8.75 Hz, 1H); 8.11 (d, J = 8.25 Hz, 1H); 8.03-7.90
(m, 2H); 7.93 (broad d, J = 8.75 Hz, 1H); 7.74-7.55 (m,
3H).

o /-Methylbenzaldehyde 9b
'H NMR (CDCls, 250 MHz): § 9.97 (s, 1H); 7.78 (d,
J = 7.8 Hz, 2H); 7.33 (d, J = 7.8 Hz, 2H); 2.44 (s, 3H).

o /-Chlorobenzaldehyde 9c
'H NMR (CDCls, 250 MHz): & 9.99 (s, 1H); 7.83 (d,
J = 8.4 Hz, 2H); 7.52 (d, J = 8.4 Hz, 2H).

o 2 4-Dichlorobenzaldehyde 9d

' NMR (CDCls, 250 MHz): 6 10.42 (s, 1H); 7.87 (d,
J = 8.4 Hz, 1H); 749 (d, J = 2 Hz, 1H); 7.42-7.35 (m,
1H).

o j-Bromobenzaldehyde 9e
The following characteristic signals were extracted from the
NMR spectrum of a chromatography fraction containing
both 9e and 10e.
'H NMR (CDCl3, 250 MHz): 6 10.0 (s, 1H); 7.77 (d,
J = 8.5 Hz, 2H).

o 3,6-Di(1-naphthyl)-2,7-dioxa-4,5-dithiaoctane 10a

'H NMR (CDCl3, 250 MHz): § 8.19-8.08 (m, 2H),
7.91-7.77 (m, 4H); 7.58-7.34 (m, 8H); 5.89 (s, 2H); 5.81
(s, 2H); 3.56 (s, CH30); 3.44 (s, CH30).

e 3,6-Bis(4{-methylphenyl)-2,7-dioza-4,5-dithiaoctane
10b

Mixture of dl and meso isomers, mp 69-70 °C (pentane).

'H NMR (CDCls, 250 MHz): 6 7.34-7.12 (m, 16H); 5.28 (s,
2H); 5.25 (s, 2H); 3.53 (s, 6H); 3.46 (s, 6H); 2.37 (s, 6H);
2.36 (s, 6H).

13C NMR (CDCl3, 62 MHz): 6 the italicized signals are that
of the major isomer 138.0 (s); 136.2 (s); 135.3 (s); 129.0
(d); 128.9 (d); 126.41 (d); 126.88 (d); 94.0 (d); 93.6 (d);
57.6 (a); 57.4 (¢); 21.2 (q).

MS (CI, NHs): m/z 352 (MT + 18, 2); 335 (M* + 1, 2);
320 (12); 303 (100); 167 (46).

Anal calc for CigH22028,: C, 64.47; H, 6.59. Found: C,
64.66; H, 6.72.

e 3,6-Bis({-chlorophenyl)-2, 7-dioza-4,5-dithiaoctane
10c
The following characteristic signals were taken from the
NMR spectrum of a chromatography fraction containing
both 9¢ and 10c.
'H NMR (CDCl3, 250 MHz): § 7.37-7.23 (m, 8H); 5.31 (s,
2H); 5.21 (s, 2H); 3.54 (s, 6H); 3.45 (s, 6H).
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o 3,6-Bis(2,4-dichlorophenyl)-2, T-dioza-4,5- dithia-
octane 10d

'H NMR (CDCls, 250 MHz): § 7.50-730 (m, 4H); 7.30-7.20
(m, 2H); 5.74 (s, 2H); 5.56 (s, 2H); 3.53 (s, 6H); 3.44 (s,
6H).

13C NMR (CDCls, 62 MHz): § 134.8 (s); 134.7 (s); 134.6 (s);
134.5 (s); 132.3 (s); 132.0 (s); 129.4 (d); 129.2 (d); 129.1
(d): 127.2 (d); 127.1 (d); 89.7 (d); 89.2 (d); 57.7 (q); 57.6
(a)-

MS (CI, NHs): m/z 464 (M* + 18, 4); 462 (M* + 18, 6);
460 (M™T + 18, 4); 432 (29); 431 (17); 430 (55); 429 (23);
428 (37); 415 (59); 414 (48); 413 (100); 412 (44); 411 (69).

e 3,6-Bis(4-bromophenyl)-2, 7-dioza-4,5-dithiaoctane
10e

The following characteristic signals were taken from the

NMR, spectrum of a chromatography fraction.

1H NMR. (CDCls, 250 MHz): 6 7.54-7.40 (m, 8H); 7.30-7.12
(m, 8H); 5.30 (s, 2H); 5.20 (s, 2H); 3.55 (s, 6H); 3.45 (s,
6H).

o Methyl naphthalene-1-carbozylate 11a

'H NMR (CDCls, 250 MHz): 6 8.92 (d, J = 8.75 Hz, 1H);
8.22-8.17 (m, 1H); 8.03 (broad d, J = 8.75 Hz, 1H);
7.92-7.87 (m, 1H); 7.65-7.47 (m, 4H); 4.02 (s, 3H).

e Methyl 4-methylbenzoate 11b
The following characteristic signals were taken from the
NMR spectrum of a crude mixture (entry 9) and were
identical to that of an authentic sample.
'H NMR (CDCl3, 250 MHz): 6 7.95 (d, J = 8.2 Hz, 2H);
3.90 (s, 3H).

e Methyl 4-chlorobenzoate 11c

'H NMR (CDCls, 250 MHz): § 8.01-7.95 (m, 2H); 7.45-7.39
(m, 2H); 3.92 (s, 3H).

o Methyl 2,4-dichlorobenzoate 11d

'H NMR (CDCls, 250 MHz): § 7.81 (d, J = 8.75 Hz, 1H);
7.48 (d, J = 2.25 Hz, 1H); 7.33-7.27 (m, 1H); 3.93 (s,
3H).

o Methyl 4-bromobenzoate 11e
The following characteristic signals were taken from the
NMR spectrum of a chromatography fraction.

'H NMR (CDCls, 250 MHz): 6 7.94-7.88 (m, 2H); 3.92 (s,
3H).

o O-Methyl naphthalene-1-carbothioate 12a
The following characteristic signal was taken from the NMR
spectrum of a crude reaction mixture of products (entry 5).

'H NMR (CDCls, 250 MHz): § 4.40 (s, 3H).

o O-Methyl 4-methylbenzenecarbothioate 12b [45]

IR (KBr): 1600, 1440, 1280, 1225, 1180, 1155, 1125,
820 cm™ .

'H NMR (CDCl3, 250 MHz): § 8.16-8.10 (m, 2H); 7.24-7.16
(m, 2H); 4.3 (s, 3H); 2.4 (s, 3H).

13C NMR (CDCl3, 62 MHz): 6 212.2 (s); 134.6 (s); 135.8 (s);
129.0 (d); 128.8 (d); 59.1 (q); 21.5 (q).

MS (CI, NH3): m/z 184 (M* + 18, 4); 167 (M™ + 1, 100);
150 (2); 135 (9).

o O-Methyl {-chlorobenzenecarbothioate 12¢ [45a]

Mp 47 °C.

'H NMR (CDCls, 250 MHz): & 8.18-8.12 (m, 2H); 7.4-7.32
(m, 2H); 4.28 (s, 3H).

130 NMR (CDCls, 62 MHz): § 210.6 (s); 139.3 (s); 136.5 (s);
130.0 (d); 128.3 (d); 59.4 (q).

MS (CI, NHz): m/z 189 (M* + 1, 30); 188 (29); 187 (100);
186 (38); 155 (38).

o O-Methyl 2,4-dichlorobenzenecarbothioate 12d [{6]

' NMR (CDCls, 250 MHz): § 7.61 (d, J = 8.25 Hz, 1H);
7.40 (d, J = 2.25 Hz, 1H); 7.25 (dd, J = 8.25 Hz and
2.25 Hz, 1H); 4.27 (s, 3H).

13 NMR (CDCls, 62 MHz): § 211.8 (s); 139.1 (s); 136.5 (s);
132.0 (d); 131.0 (s); 130.0 (d); 126.8 (d); 59.5 (q).

MS (CI, NHj): m/z 225 (M* + 1, 12); 224 (M*, 25); 223
(M™T + 1, 64); 222 (M™*, 74); 221 (M7 + 1, 94); 220 (M,
88); 191 (92); 189 (100).

o O-Methyl 4-bromobenzenecarbothioate 12e [47]

'H NMR. (CDClz, 250 MHz): § 8.08-8.0 (m, 2H); 7.55-7.48
(m, 2H); 4.30 (s, 3H).

13C NMR (CDCls, 62 MHz): § 210.6 (s); 136.9 (s); 131.3
(d); 130.1 (d); 128.1 (s); 59.4 (q)-

MS (CI, NH3): m/z 250 (M™ + 18, 66); 248 (M™ -+ 18, 70);
232 (M 4 1, 60); 230 (M™ + 1, 63); 152 (100); 150 (98).

e 2,5-Dimethozy-3-thiaspiro[5.5[undecane 13

m Isomer A

'H NMR. (CDCl3, 250 MHz): § 5.08 (dd, J = 3.6 Hz and
6.1 Hz, 1H); 3.72 (dd, J = 5.2 Hz and 9.2 Hz, 1H);
3.48-3.22 (m, 2H); 3.38 (s, 3H); 3.28 (s, 3H), 2.36 (dd,
J = 3.6 Hz and 13.6 Hz, 1H); 1.98 (dd, J = 13.6 Hz and
6.1 Hz, 1H); 1.75-1.20 (m, 10H).

¥C NMR (CDCls, 62 MHz): § 90.2 (d); 74.6 (t); 58.8 (q);
57.2 (q); 56.5 (d); 47.6 (s); 46.1 (t); 37.4 (t); 30.7 (t); 26.2
(t); 23.6 (t); 22.9 (t).

a Isomer B

'H NMR (CDCls, 250 MHz): 6 5.12 (dd, J = 3.7 Hz and
6.2 Hz, 1H); 3.62 (dd, J = 3.8 Hz and 8.6 Hz, 1H);
3.48-3.22 (m, 2H); 3.36 (s, 3H), 3.2 (s, 3H), 2.39 (dd,
J = 6.2 Hz and 13.6 Hz, 1H); 1.94 (dd, J = 13.6 Hz and
3.7 Hz, 1H); 1.75-1.70 (m, 10H).

13C NMR (CDCl3, 62 MHz): 6 90.0 (d); 73.8 (t); 58.8 (q);
57.1 (q); 55.9 (d); 47.6 (s); 46.5 (t); 36.9 (t); 31.0 (t); 26.2
(t); 23.5 (t); 23.0 (t).

MS (EI): m/z on the mixture of the isomers 230 (M, 10);
193 (4); 185 (82); 172 (28); 153 (100).

o I-(Dimethoxymethyl)-4-methylbenzene 14b
The following characteristic signals were taken from the
NMR spectrum of a crude reaction mixture (entries 12 and
14) and were identical to that of an authentic sample.
'H NMR (CDCls, 250 MHz): § 5.36 (s, 1H); 3.32 (s, 6H).

e 4-Chloro-1-(dimethozymethyl)benzene 14c
The following characteristic signals were taken from the
NMR spectrum of a crude mixture of products (entry 19).
1H NMR (CDCls, 250 MHz): 6 5.37 (s, 1H); 3.31 (s, 6H).

o 2,4-Dichloro-1-(dimethoxymethyl)benzene 14d
The following characteristic signals were taken from the
NMR spectrum of a chromatography fraction (entry 23).
'H NMR (CDCls, 250 MHz): 6 5.58 (s, 1H); 3.37 (s, 6H).



o /-Bromo-1-(dimethorymethyl)benzene 14e
The following characteristic signals were taken from the
NMR spectrum of a crude mixture of products (entry 26).

'H NMR (CDCls, 250 MHz): 6 5.36 (s, 1H); 3.31 (s, 6H).

o Methyl methozy-({-methylphenyl)methanesulfinate
15b
The following characteristic signals were taken from the
NMR spectrum of a crude mixture of products (entry 10).
'H NMR (CDCl3, 250 MHz): § 4.83 and 4.76 (2s, 1H); 3.82,
3.68, 3.63 and 3.60 (4s, 6H).

o Methyl methozy-(4-chlorophenyl)methanesulfinate
15¢
The following characteristic signals were taken from the
NMR spectrum of a crude reaction mixture of products
(entry 19).
'H NMR. (CDCl3, 250 MHz): 6 4.85 and 4.78 (2s, 1H); 3.82,
3.70, 3.67 and 3.62 (4s, 6H).

e Methyl methozy-(2,4-dichlorophenyl)methane-
sulfinate 15d

Isolated after flash chromatography on silica gel (last frac-

tions) of the crude products (entries 22, 23) (two stereo-

mers).

'H NMR. (CDCls, 250 MHz): & 7.50-7.41 (m, 2H); 7.37-7.28
(m, 1H); 5.52 (s, 1H); 5.40 (s, 1H); 3.78, 3.74, 3.73 and
3.65 (4s, 6H).

183G NMR (CDCls, 62 MHz): 6 135.8 (s); 135.7 (s); 134.8 (s);
134.4 (s); 130.7 (d); 130.0 (d); 129.7 (s); 129.5 (d); 129.3
(d); 128.6 (s); 127.6 (d); 127.4 (d); 97.1 (d); 96.0 (d); 60.7
(@); 60.1 (q); 55.8 (); 55.3 ().

MS (CIL, NH3): m/z 290 (MT + 18, 13); 288 (M* + 18, 54);
286 (M* + 18, 83); 273 (M™* + 1, 11); 271 (Mt + 1, 65);
269 (M* + 1, 100); 208 (20); 206 (37).

o j-Methylphenyl 4-methylbenzenethiosulfinate 16a
Prepared following a described procedure [49]; mp
101-102 °C (ether/pentane); lit [49]: mp 87 °C; [50]: mp
102 °C.

'H NMR (CDCls, 250 MHz): & 7.60~7.52 (m, 2H); 7.46-7.40
(m, 2H); 7.32-7.27 (m, 2H); 7.21-7.15 (m, 2H); 2.42 (s,
3H); 2.38 (s, 3H).

13C NMR. (CDCls, 62 MHz): § 142.1 (s); 141.1 (s); 140.8 (s);
135.4 (d); 130.1 (d); 129.6 (d); 126.3 (s); 124.3 (d); 21.5
(a); 21.4 (q).

o 4-Methylphenyl {-methozynaphthalene-1-thio-
sulfinate 16b

Following a described procedure [51], the reaction of

4-methoxynaphthalene-1-sulfinyl chloride [52] with tributyl

(4-methylphenylthio)stannane afforded a crude product

which was purified by flash chromatography (22%).

'H NMR (CDCl;, 250 MHz): 6 8.39-8.32 (m, 1H);
8.12-8.03 (m, 1H); 7.91 (d, J = 8.2 Hz, 1H); 7.78-7.52
(m, 2H); 7.42-7.37 (m, 2H); 7.21-7.16 (m, 2H); 6.8 (d,
J = 8.2 Hz, 1H); 4.06 (s, 3H); 2.39 (s, 3H).

13C NMR (CDClg, 62 MHz): § 158.7 (s); 140.6 (s); 136.3 (s);
135.3 (d); 120.9 (d); 120.8 (s); 128.8 (s); 127.6 (d); 126.6
(s); 125.9 (d); 125.4 (d); 122.9 (d); 122.2 (d); 103.2 (d);
55.8 (q); 21.3 (q).

Methyl 4-methylbenzenesulfinate 17a

To a cooled solution of the thiosulfinate 16a (0.400 g;
1.52 mmol) in THF (5 mL) and methanol (2 mL) was added
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a solution of sodium methoxide in methanol (1 N; 1.5 mL;

1.5 'mmol) and the mixture was stirred at 0 °C for 2 h.

The usual work-up and flash chromatography gave firstly

the disulfide 18 (0.2 g) and then the known sulfinate 17a

(52] (0.04 g; 16%).

'H NMR (CDCls, 250 MHz): § 7.62-7.57 (m, 2H); 7.38-7.31
(m, 2H); 3.47 (s, 3H); 2.43 (s, 3H).

13C NMR (CDCls, 62 MHz): § 142.7 (s); 140.8 (s); 129.6
(d); 125.2 (d); 49.2 (q); 21.4 (q).

MS (EI): m/z 170 (M*, 50); 139 (100); 91 (66); 84 (30).

o Methyl 4-methozynaphthalene-1-sulfinate 17b [53]
When similarly treated with sodium methoxide, the thiosul-
finate 16b (0.39 g; 1.19 mmol) afforded a mixture of sulfinate
17b, disulfide 18 and some unsymmetrical disulfides. Flash
chromatography yielded the pure compound 17b (0.09 g;
32%).

'H NMR (CDCl3, 250 MHz): § 8.39-8.32 (m, 1H); 8.25-8.19
(m, 1H); 8.09 (d, J = 8.2 Hz, 1H); 7.69-7.52 (m, 2H); 6.95
(d, J = 8.2 Hz, 1H); 4.08 (s, 3H); 3.42 (s, 3H).

13C NMR (CDCl3, 62 MHz): 6 159.3 (s); 130.6 (s); 129.5 (s);
128.2 (d); 126.6 (d); 126.2 (d); 125.8 (s); 122.2 (d); 122.1
(d); 102.7 (d); 56.0 (q); 49.2 (q).

o Cyclohezylideneacetaldehyde
When treated with sodium methoxide (1 equiv) in methanol
at 0 °C for 4 h then at 18 °C for 1 h, the methyl 2-cyclohexyl-
ideneethanesulfinate 6b [42] afforded after usual work-up
and chromatography the pure cyclohexylideneacetaldehyde
(34%) with a 'H NMR spectrum identical to that of an
authentic sample [48].

References and notes

1 a) Baudin JB, Julia SA, Tetrahedron Lett (1986) 27, 837
b) Baudin JB, Commenil MG, Julia SA, Lorne R,
Mauclaire L, Bull Soc Chim Fr (1996) 133, 329

2 a) Zwanenburg B, Recl Trav Chim Pays Bas (1982) 101,
1
b) Zwanenburg B, Lenz BG, Methoden der Organischen
Chemie, 4th Ed, (Houben HJ, Weyl T, Miiller E, ed),
Thieme, Stuttgart, 1985, E11, 911

3 Kice JL, Kupczyk-Subotkowska L, J Org Chem (1990)
55, 1523

4 Inoue Y, Tanimoto S, Oida T, Bull Chem Soc Jpn
(1986) 59, 3897

5 Strating J, Thijs L, Zwanenburg B, Recl Trav Chim
Pays Bas (1964) 83, 631

6 Hamid AM, Trippett S, J Chem Soc (C) (1968) 1612

7 Cerreta F, Leriverend C, Metzner P, Tetrahedron Lett
(1993) 34, 6741

8 a) Baudin JB, Commenil MG, Julia SA, Wang Y,
Synlett (1992) 909
b) Bull Soc Chim Fr (1996) 133, 515

9 Block E, Revelle LK, Bazzi AA, Tetrahedron Lett (1980)
21, 1277

10 Braverman S, Grinstein D, Gottlieb HE, ibid (1994) 35,
953

11 Kice JL, Rudzinski JJ, J Am Chem Soc (1987) 109, 2414

12 Kice JL, Lotey H, J Org Chem (1989) 54, 3596

13 For a facile preparation of dialkyl disulfides from sulfur
and alkyl halides under phase transfer conditions, see:
Wang JX, Cui W, Hu Y, Synth Commun (1995) 25,
3573

14 Brownbridge P, Jowett IC, Synthesis (1988) 252. See a
recent improved procedure using bromine and sodium
carbonate in methanol: Resek JE, Meyers Al, Tetrahe-
dron Lett (1995) 36, 7051



1140

15

16

17

18

19

20
21

22

While no pK, data have been determined, circumstan-
tial evidence suggests that arenesulfenic acids ArSOH
are at least as acidic as phenols, Barrett GC, in: The
Chemistry of Sulphenic Acids and their Derivatives,
(Patai S, ed), Wiley, Chichester (1990) 1. The pKa. of
2-methylpropane-2-sulfenic acid is estimated as 10.47:
Yoshimura T, Hamada K, Yamazaki S, Shimasaki C,
Ono S, Tsukurimichi E, Bull Chem Soc Jpn (1995) 68,
211

For some examples of acid- or nucleophile-catalyzed
cleavage of the S-O bond of sulfenic acid derivatives,
see:

a) Morin RB, Jackson BG, Mueller RA, Lavagnino ER,
Scanlon WB, Andrews SL, J Am Chem Soc (1963) 85,
1896

b) Barton DHR, Comer F, Greig DGT, Lucente G,
Sammes PG, Underwood WGE, J Chem Soc Chem
Commun (1970) 1059

¢) Armitage DA, Clark MJ, Kinsey AC, J Chem Soc C
(1971) 3867

d) Gutowski GE, Foster BJ, Daniels CJ, Tetrahedron
Lett (1971) 3433 :

e) Makisumi Y, Takada S, Matsukura Y, J Chem Soc,
Chem Commun (1974) 850

f) Lee WS, Hahn HG, Nam KD, J Org Chem (1986) 51,
2789

g) Block E, Wall A, J Org Chem (1987) 52, 809

h) Okuyama T, Nakamura T, Fueno T, J Am Chem Soc
(1990) 112, 9345

Due to the lack of information concerning the salts
NaSOH and NaSONa, they are probably unstable. See
however scheme 22 in Block E, Angew Chem Int Ed Engl
(1992) 31, 1135; the hydrolysis of propanethial-S-oxide
(onion lachrymatory factor) occurs via a carbophilic
addition of water and leaves behind propanal which
readily undergoes aldol condensation and sulfur is split
off, perhaps initially as HSOH:

3 [HSOH] — 7 2 H2S + SOz + Hy0 — 3/8 Sg 4+ 3 H20
Some a-oxothicamides RC(O)C(S)NR'R? have been
prepared by reaction of RC(O)CH(CI)SCI with amines
R!NHR?: Adividjaja G, Giinther H, Voss J, Liebigs
Ann Chem (1983) 1116. It is likely that this transfor-
mation occurred through the intermediate compounds
RC(O)CH(NR'R?)SX, X = Cl or NR'R? by deproto-
nation in sequence with an elimination step

It was reported that the self condensation of 2-methyl-
propane-2-sulfenic acid under alkaline conditions was
much faster than under acidic conditions (ref 15):

a) Vinkler E, Klivenyi F, Int J Sulfur Chem (1973) 8,
111

b) Hogg DR, The Chemistry of Sulphenic Acids and
their Derivatives, Ed Patai S, Wiley, Chichester, 1990,
p 361

See scheme 50A in ref [17)

a) Block E, J Am Chem Soc (1972) 94, 642; 644

b) Bachi MD, Vaya J, ibid (1976) 98, 7825

¢) Chou TS, Koppel GA, Dorman DE, Paschal JW, ibid
(1976) 98, 7864

d) Bachi MD, Goldberg O, Gross A, Vaya J, J Org
Chem (1980) 45, 1477

e) Hahn HG, Lee WS, J Chem Res (S) (1995) 86

The elimination of benzene- or methane-sulfenate an-
ions from [-(arenesulfinyl)carbonyl compounds or from
other sulfinylated substrates are easy in mild conditions:
a) Russell GA, Becker HD, J Am Chem Soc (1963), 85,
3406

b) James BG, Pattenden G, J Chem Soc Perkin Trans
1(1974) 1195 and references cited therein

c) Huynh C, Ratovelomanana V, Julia S, CR Acad Sci,

23

24

26

27

28

29

30

31

32

33

34

35

Paris (1975) 280C, 1231

d) Bartlett PA, J Am Chem Soc (1976) 98 3305

e) Reich HJ, Rusek JJ, Olson RE, ibid (1979) 101, 2225
f) Dunkerton LV, Ahmed RM, Tetrahedron Lett (1980)
21, 1803.

See also similar vinylogous eliminations affording con-
jugated dienones: Guittet E, Julia S, Synth Commun
(1981) 11, 709 and 723

Similar oxathiiranes have been proposed for explain-
ing the formation of ketones from thioketones-S-oxides
upon standing at room temperature: Le Nocher AM,
Metzner P, Tetrahedron Lett (1991) 32, 747

For the instability of some dithioacetal S-oxides, see:
a) Newkome GR, Robinson JM, Sauer JD, J Chem Soc,
Chem Commun (1974) 410

b) Huynh C, Julia S, Synth Commun (1977) 7, 103

¢) Ogura K, Itoh S, Takahashi K, Iida H, Tetrahedron
Lett (1986) 27, 6381

d) Alayrac C, Cerreta F, Chapron I, Corbin F, Metzner
P, Tetrahedron Lett (1996) 37, 4507

a) Venier CG, Barager HJ III, Chem Abstr (1976) 84,
3859

b) Herchen SR, Tetrahedron Lett (1989) 30, 425

Aida T, Chan TH, Harpp DN, Angew Chem Int Ed Engl
(1981) 20, 691

a) Maricich TJ, Harrington CK, J Am Chem Soc (1972)
94, 5115

b) Yoshimura T, Tsukurimichi E, Yamazaki S, Soga S,
Shimasaki C, Hasegawa K, J Chem Soc, Chem Commun
(1992), 1337

Hoffmann RW, Miinster I, Tetrahedron Lett (1995) 36,
1431

Some a-oxothionoesters RC(O)C(S)OCH3 have been
efficiently prepared by reaction of RC(O)CH(C1)SCl
with methanol and pyridine: Adividjaja G, Ginther H,
Voss J, Angew Chem Int Ed Engl (1980) 19, 563; see
also a review: Oka K, Synthesis (1981), 661. It is likely
that this transformation occurred through intermedi-
ate compounds RC(O)CH(OCH3)SX, X = Clor OCH3z
which are similar to the a-methoxysulfenic acid deriva-
tives [Xa

A referee has suggested the possibility of the intermedi-
ate IXa being transformed via one or two steps, into a
new unstable species ArCH(OCH3)OSM which finally
should give easily the aldehydes 9

a) Hogg DR, Vipond PW, J Chem Soc B (1970) 1242
b) Kice JL, Rogers TE, J Am Chem Soc (1974) 96, 8009
c) Oae S, Takata T, Kim YH, Tetrahedron Lett (1977)
4219

d) Braun M, Hild W, Chem Ber (1986) 119, 2377

e) Beerli R, Borschberg HJ, Helv Chim Acta (1992) 75,
190

f) Davis FA, Reddy GV, Liu H, J Am Chem Soc (1995)
117, 3651

It has been previously shown that the treatment of a
cold solution of 2,2-dimethyl-1-(methylthio)but-3-ene-
1-thiol lithium salt in THF /H,O with an ethereal sus-
pension of lithium methanesulfenate smoothly afforded
the corresponding 2,2-dimethyl-1-(methylthio)but-3-
enyl methyl disulfide (60%): Ratovelomanana V, Huynh
C, Julia S, CR Acad Sci, Paris (1975) 280C, 1327
Geissman T, Organic Reactions, John Wiley and Sons,
London, 1944, 2, 95

Baudin JB, Julia SA, Wang Y, Bull Soc Chim Fr (1995)
132, 739

For 'H NMR data for other imines derivatives of ben-
zylamine, see:

a) Texier-Boullet F, Synthesis (1985) 679

b) Solladié-Cavallo A, Benchegroun M, Boune F, Synth
Commun (1993) 23, 1683



36
37

38
39
40
41

42

43

44

46

47

48

Drabowicz J, Mikolajezyk, Synthesis (1980) 32

a) Baudin JB, Julia SA, Wang Y, Synlett (1992) 911
b) Bull Soc Chim Fr (1995) 132, 952

Moreau RC, Loiseau P, Ann Pharm Fr (1978) 36, 269
Amupitan JO, Synthests (1983) 730

Chiacchio U, Corsaro A, Bottino FA, Org Magn Reson
(1984) 22, 724

Willems JF, Jaeken J, Jansseune RL, Chem Abstr
(1964) 61, P12130a

a) Baudin JB, Julia SA, Tetrahedron Lett (1989) 30,
1963

b) Bull Soc Chim Fr (1995) 132, 196

Dauphin G, Jamilloux B, Kergomard A, Planat D,
Tetrahedron (1977) 33, 1129

Carré P, Libermann D, CR Acad Sci Paris (1935) 200,
2086

a) Fischer EO, Riedmiiller S, Chem Ber (1974) 107, 915
b) Katada T, Kato S, Mizuta M, Chem Lett (1975) 1037
¢) Kato S, Shibahashi H, Katada T, Takagi T, Noda I,
Mizuta M, Goto M, Liebigs Ann Chem (1982) 1229
Gassner W, Imhof R, Kyburz E, Chem Abstr (1990)
113, P40671c

Alper H, Einstein FWB, Nagai R, Petrignani JF, Willis
AC, Organometallics (1983) 2, 1291

Ruel O, Bibang Bi Ekogha, Lorne R, Julia SA, Bull Soc
Chim Fr (1985) 1250

49

50
51

52
53

ot
-

55

1141

a) Backer HJ, Kloosterziel H, Recl Trav Chim Pays Bas
(1954) 73, 129

b) Oae S, Takata T, Kim YH, Tetrahedron (1981) 37,
37

Carson JF, Wong FF, J Org Chem (1961) 26, 1467

Harpp DN, Aida T, Chan TH, Tetrahedron Lett (1983)
24, 5173

Takata T, Oae S, Bull Chem Soc Jpn (1982) 55, 3937
Bell KH, Aust J Chem (1985) 38, 1209

Several cases of base-catalyzed fragmentation of some
disulfides affording thioaldehydes in situ have been de-
scribed:

a) Danehy JP, Parameswaran KN, J Org Chem (1968)
33, 568

b) Wolfe S, Shirlin D, Tetrahedron Lett (1980) 21, 827
¢) Ikehira H, Tanimoto S, Bull Chem Soc Jpn (1984)
57, 1423

d) Krafft GA, Meinke PT, Tetrahedron Lett (1985) 26,
1947

A very recent paper appeared recording a new trans-
formation of some lithium or sodium arenemethanesul-
finates in boiling water into the corresponding arene-
carbaldehydes: Yoon SC, Kim K, J Org Chem (1996)
61, 793



