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Recent Advances in the Chemistry of
1,2-Dithiins”

ERIC BLOCK

Department of Chemistry, SUNY-Albany, Albany, NY 12222, USA

The natural occurrence, synthesis, reactions and properties of non-anellated 1,2-dithiins are
reviewed. Recent results from the author’s laboratories are presented.

Keywords: 1; 2-dithiins; thiarubrines; thiophenes; sulfur protecting groups; photochemistry

INTRODUCTION

In 1964-5 Mortensen(!] and Bohlmannl2] independently isolated a red,
light-sensitive 1,2-dithiin-containing pigment 1a (3-(5-hexen-1,3-diyn-
y1)-6-(1-propynyl)-1,2-dithiin), later(3] called thiarubrine A, from As-
teraceae species (see Figure 1 for known thiarubrines), along with the
colorless thiophene analog 2a. The unprecedented cyclic 1,2-dithiin
ring in 1a seemed questionable at the time and various alternative
structures were considered. However, also in 1965, Schroth synthesiz-
ed the parent 1,2-dithiin (3) from l,3-blitadiyne, unequivocally favor-
ing the cyclic structure.[4] The synthesis of 1,2-dithiin by Schroth was
an indirect result of his interest in (Z,Z)-1,4-butadiene-1,4-dithiol (4),
an isolable precursor in his synthesis of 3.5] The apparent simplicity
of the 1,2-dithiin ring belies its rich chemistry. The red color of the thi-

* Dedicated to Professor Werner Schroth on the occasion of his 70th birthday
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arubrines and 1,2-dithiin itself, the unusual sensitivity of these com-
pounds to visible light, which leads to thiophene formation, the ques-
tions of antiaromaticity, structure and valence tautomerism of the for-
mally 8n-electron 1,2-dithiin ring, the light-dependent biological activ-
ity of the thiarubrines, and the challenge of synthesizing the thiaru-
brines and variously substituted 1,2-dithiins make for a fascinating
chapter in organosulfur chemi'slry. This paper briefly reviews work
done on non anellated 1,2-dithiins by the author and by others.[6)
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Figure 1: Naturally Occurring Thiarubrines (1,2-Dithia-3,5-cyclohexadiene
Polyynes)
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Following the initial report on the natural occurrence of 1a, a variety
of other polyyne 1,2-dithiins 1b-11, called thiarubrines B-L (Figure 1),
have been found in plants from the species Asteraceael6b! such as Rud-
beckia hirta L., the black-eyed Susan, and Ambrosia trifida (ragweed)-
Thiarubrines, along with the corresponding thiophenes, such as 2a, are
formed from straight chain polyacetylenic compounds such as
3,5,7,9,1l-tridecapentayne-l-er;e by addition of sulfate-derived com-
pounds such as cysteine.[70] Studies involving 355042 show that dithi-
in 1a and thiophene 2a, are not synthesized sequentially but rather in a
parallel manner.[72] Thiarubrines possess potent in vitro antibiotic, an-
tifungal, antiviral, anti-HIV, and nematocidal activity[8.9] and are toxic
against mosquito larvael!0] both in the dark and under visible and
near-ultraviolet (UV) irradiation. It was initially postulated that the
swallowing of whole leaves of three Aspilia (Asteraceae) species by
chimpanzees was for the purpose, of self-medication associated with
nematocidal thiarubines contained in the leaves.[!'!] However more
recent work has established that in fact thiarubrines are not present in
leaves from these plants, rendering the hypothesis unsubstantiated.[12]

SYNTHESIS

Schroth’s pioneering synthesis of 1,2-dithiin 3 involves two-fold nu-
cleophilic addition of a-toluenethiolate ion to 1,3-butadiyne, Na/NH3
reductive cleavage of the adduct, and air oxidation.[4] Acidification of
the product from Na/NHj treatment gave the isolable (Z,Z)-1,4-dimer-
capto-1,3-butadiene (4) which afforded 3 on FeClj3 oxidation. Dithiol 4
could be stored as its diacetate derivative 5. Starting from 1,4-diaryl-
1,3-butadiynes various 3,6-diaryl-1,2-dithiins could be prepared.[5)

H-CSC-C=C-H 28nSNa__ </ ) Namts </ )

BnS SBn o NaS SNQ
2
¢ ~_FeCh
S-S 4
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Initial efforts in our laboratories directed toward synthesis of 1,2-
dithiins focussed on dithio-Claisen rearrangement of bis(1-alkenyl)
disulfides followed by double thioenolization and oxidation. When this
sequence was attempted with bis(1-propenyl) disulfide (6), isomers of
2-mercapto-3,4-dimethyl-2,3-dihydrothiophene (7) were isolated, like-
ly formed by mono-thioenoljzation'of the 1,4-dithial followed by intra-
molecular addition of the thiol to the thioaldehyde group.[!3] The
dithio-Claisen-double thioenolization approach has been successfully
employed by Schroth in synthesizing dibomeno dithiin 8.114]

\/\s By H X A sh 0] s
. -SH xS
SH
~
ﬁC ;
S

NaH,
§ B3 H S oOmE_ SNa (0] ?
S . SNa S
/g ~

With thiarubrine B (1b, 3-(3-bulen— -ynyl)-6-(l,3—pentad1ynyl)-
1,2-dithiin; see Figure 1) as a synthetic target, we considered methods

of constructing unsymmetrical 1,2-dithiins with different substituents
at the 3- and 6-positions.[!5) In view of the instability and reactivity of
the 1,2-dithiin ring, it seemed best to defer ring generation until the
final step. The key target molecule would then be a 1,3-butadiene with
1,4-(Z,Z)-bis(benzylthio) (or other protected sulfide sulfur) substitu-
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ents. An appealing synthetic strategy, shown in Scheme 1, involves
attachment of the acetylenic side chains using Stille-Heck chemistry. If
a symmetrical precursor is used, a method is required for differentia-
ting groups X and Y. A serendipitous solution to this challenging prob-
lem is given below.

Encouraged by Magriotis’ report{!6al that Bu3SnH cleanly under-
goes regio- and stereospecific addition to I-phenylthioalkynes to give
the corresponding (E)-1-(tributylstannyl)-1-(phenylthio)-1-alkenes, we
examined the reaction of 1,4-bis(benzylthio)-1,3-butadiyne (9) with
Ph3SnH.[15] Compound 9 was easily prepared in 93% overall yield as
shown in Scheme 2. In the key step, treatment of 9 with 2 equivalents
of Ph3SnH in the presence of (Ph3P)4Pd and Et3B gave crystalline
double addition product 10, whose structure was established by X-ray
crystatlography (Scheme 3).{15) Regiodifferentiation of 10 was readily -
achieved by replacement of one Ph3Sn group with iodine (1.1 equiva-
lent, 0 °C, 3 h), giving compound 11 in 97% yield. Replacement of the
remaining tin in 11 with iodine to give (E,E)-1,4-bis(benzylthio)-1,4-
diiodo-1,3-butadiene was considerably slower (16 h, 25 °C, 100%
yield). A possible explanation for the lesser reactivity of 11 compared
to 10 is given in Scheme 4: comparing the resonance forms for addi-
tion of I* to 10 and 11, iodine is less able than tin to stabilize an adja-

‘cent positive charge.

Scheme 1: Strategy for Thiarubrine Synthesis

MeC-CC:CﬂCzCCHchz == MeC=CC=C—(/_\>— C=CCH=CH,

-5 58
R R
“ Stille-Heck
coupling if X
orY is halogen
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The polyyne side chains were introduced by a series of three
Pd(Il)-mediated coupling reactions as seen in Scheme 3. Removal of
the benzyl groups was achieved by lithium 1-(N,N-dimethylamino)-
naphthalenide (LDMAN),[16b] which avoids Birch reduction seen
with Na/NH3,[16¢] followed by trapping with acetyl chloride to give
the corresponding bis-thioacetate. The latter compound could be
readily converted to thiarubrine B (1b) by brief treatment with KOH/
MeOH followed by iodine.[15] The bis-thioacetate could be more
readily purified than the sensitive 1b. Anellated 1,2-dithiins have been
synthesized employing addition of tin hydride to thioalkynes, as in our
conversion of 9 to 10, as a key step.[16c]

Scheme 2: Synthesis of 1,4-Bis(benzylthio)-1,3-butadiyne

. a
MezSiC=CH —— Me;SiC=CSBn b, HC=CSBn ——m
BnSC=CC=CSBn
9

(a) n-BuLi; Sg; PhCHzBr; (b)n-BuyN*F; (c) CuzCly, TMEDA, 02, Me,CO

Scheme 3: Total Synthesis of Thiarubrine 8

BnSC-—CC-—CSBn 2 an)__/——( L B"S}_/‘(
PhaSri

PhgSn

C=CTMS C=CTMS C=CTMS
8nS == b BnS = d 8nS = e,f
= SBn — = SBh —™ == SBn —™
PhsSn 12 | 13 MeCaCC=C ¢4

C=CCH=
s HeCHy |\ cnG0ec ﬂ C=CCH=CH,
Y g.hij S-S

MeC=CCsC 15 1b

(a) 2Ph3SnH, (Ph3P)4Pd, Et3B, toluene, -30 to 0 °C, 56%; (b) I, CH,Cl, 0
°C, 2 h, 95-97%; (c) TMSC=CH, Cul-(Ph3P),PdCl,, EtoNH, C¢Hg, 86%; (d)
MeC=CC=CH, Cul-(Ph3P),PdCl,, Et,NH, CgHg, 57%; (e) n-BusyNF, 86%;
(f) CHp=CHBr, Cul-(Ph3P),PdClp, EtzNH, CgHg, 70%; (g) LDMAN, THF,
-80 °C,1.5 h; (h) AcCl; (i) KOHMeOH; (j) Iz, -30 °C, 17% for four steps.
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In the course of these studies, a simple synthesis of 1,2-dithiin (3)
was discovered which entails refluxing 1,4-bis(trimethylsilyl)-1,4-bu-
tadiyne with BnSNa, giving (Z,Z)-1,4-bis(benzylthio)-1,3-butadiene,
followed by reductive cleavage and oxidation’ (Scheme 5).[15] A simi-
lar synthesis of 3 was independently developed by Koreeda,[!7] who
also reported a total synthesis of thiarubrine A (1a; Scheme 6).[18]
Koreeda’s synthesis involves dbuble nucleophilic addition of thiolate

“to 2,4-hexadiyne-1,6-diol, protection of sulfur with the p-trimethylsi-

lylethyl group (readily removed with fluoride ion), and symmetrical
generation of terminal ethynyl groups by a double Corey-Fuchs se-
quence. The desired unsymmetrical compound was obtained along
with symmetrical products. A related approach to 1,2-dithiins uses the
base-labile 2-cyanoethyl group for protection of sulfur.[19] Koreeda
reports that (Z,Z)-1,4-bis(tert-butylthio)-1,3-butadiene (16), prepared
by nucleophilic addition of 2-methyl-2-propanethiol to 1,3-diynes, can
be deprotonated, alkylated and then converted to 1,2-dithiins by treat-
ment with jodine, NBS or NIS (Scheme 7).[20]

Scheme 4: Explanation for Differential Rates of lodinolysis of 10 and 11

SnPh3 SnPh, + SnPhy
B"S>_/—< ,__>_/‘7!
SBn 'ES( SBn SBn
PhySn PhsSn
more stable
“ﬁ W — st
s8n Sow G s8n sén
PhSn PhsSn
less stable

Scheme 5: Simple Synthesis of 1,2-Dithiin

' BnS == AcS —
Me;SiC=CC=CSiMe; =+ \=/__\SBn be, \=/_\SAc 2.3

(a) PhCH,SNa, MeOH, reflux, 48 h, 78%; (b) LDMAN, THF, -80 °C,1.5 h;
(c) AcCl, 96% ( two steps); (d) KOH/MeOH; (e) Iz, -30 °C, 73% ( two steps).
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DMF; (f) CH2=CHBr, Pd(0); (g} F; Iz

Scheme 7: Synthesis of 3,6-Disubstituted 1,2-Dithiins

Li E
tBuS, /= Ali__ tBuS, = | +BuS )_/=<
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i E

—- e Ve

S-S

The fact that titanacyclopentadienes (17, Scheme 8), readily availa-

ble from terminal alkynes, afford (Z,Z)-1,4-diiodobutadienes (18)

when treated with iodine, suggested to us a possible new, simple 1,2-
dithiin synthesis. Thus, 18 itself might be directly converted into 1,2-
dithiin precursor 19 with the necessary stereochemistry, by replacing
the metal with iodine, followed by lithiation and treatment with a sul-
fur electrophile. Alternatively, this goal might be realized by replacing
iodine in the above approach with thiocyanogen, giving 20. The imple-
mentation of these ideas are shown in Scheme 8.[21]
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Scheme 8: Titanacyclopentadiene Approach to 1,2-Dithiins
RC=CH

‘a
eyt

NCS SCN
tP0 O-iPr

‘(b RN

R/\R_C_..R/\R———>R/\R

U BnS SBn AcS SAc
18 19

R=tBuor TMS
a) Ti(0-i-Pr)4, -PrMgCI. b) I, ¢) n-BuLi; (BnS),. d) Na/NHg; AcCl.
@) KoCO3, MeOH. f) (SCN),, CH,Cla. g) LIAIH,; AcCl. h) Smip, THF.

SUMMARY OF SYNTHETIC APPROACHES
Four ge:neral synthetic routes to 1,2-dithiins can be identified from the
above discussion and are summarized in Scheme 9:

1) Two-fold (anti) nucleophilic addition of thiolate to 1,3-diynes;

'2) Two-fold (syn) tin hydride addition to 1,4-dithio-1,3-butadiyne;

" 3) Dithio-Claisen rearrangement of bis(1-alkenyl) disulfides, then
double thioenolization;

14) Dimerization of alkynes to metallocyclopentadienes; retention of
double bond stereochemistry by directly replacing metal with
sulfur electrophile or by iodine, followed by lithiation/sulfur
electrophile or other routes.

A subcategory of procedure 1 involves application to 1,4-bissilyl-1,3-

diynes to give (Z,Z)-1,4-bis(t-butylthio)-1,3-butadiene followed by

double a-lithiation and treatment with electrophiles. While 1,3-diynes
are readily available via Glaser-type oxidative coupling of alkynes,
only a limited number of 1,3-diynes react twice with thiolate nucleo-
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Scheme 9: Summary of Synthetic Approaches to 1,2-Dithiins
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philes. The reaction may stop with mono-addition or byproducts may
form, 22} limiting the possibilities for double thiolate addition to un-
symmetrically substituted 1,3-butadiynes of type RC=CC=CR’. Proce-
dure 1 has only been used to prepare precursors to 3,6-disubstituted
1,2-dithiins. Procedure 2 (tin hydride) offers the advantage of regio-
differentiation of substituents introduced into the 3- and 6-positions of
1,2-dithiins. Procedure 3 (thioc;nolization) is limited to a few special
cases, mostly cyclic structures, since the stereochemistry of thioenoli-
zation can’t be controlled. Procedure 4 offers the prospect of substitut-
ing all four ring carbon positions of 1,2-dithiins in a controlled manner
utilizing known chemistry of zircona- and titanacyclopentadienes.
While some simple side chain reactions are possible for substituted
monocyclic 1,2-dithiins (e.g., acetylation, Williamson ether formation,

Dess-Martin oxidation of alcohols to aldehydes),[17] protection of sul-
fur is required in most syntheses of 1,2-dithiin. Protecting groups must
be removable without altering reactive substituents, which is a prob-
lem with unsaturated side chains when reductive (e.g. Li/NH3) depro-

tection methods are employed.[17.18] Sulfur protecting groups used in-
clude benzyl (removed with LDMAN or Li/NH3),[4.5.14.15.23] carbo-
ethoxy (base),[14¢] p-trimethylsilylethyl (F- or NBS),[18.20] p-cyano-
ethyl (base),[19] s-butyl (I, NBS, NIS, ArSCl),[20.23¢] arylthio (reduc-
tive cleavage of one S-S bond),[23¢] and cyano (Sml; or reductive
methods).[21] Various other more serendipitous syntheses of 1,2-dithi-
ins have been reported by routes that cannot be easily generalized.[24]
In some of these latter casesl24d.€] jt has been established that 1,2-di-
thiins are in fact not formed(23¢] while in other cases the harsh condi-

tions make 1,2-dithiin formation unlikely.[24.¢]
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STRUCTURE AND SPECTRA
Microwave and X-ray Structures

The structure of the 1,2-dithiin (3; see Scheme 12) in the gas phase
was determined by microwave spectroscopy.{251 The molecule has C;
symmetry corresponding to a twisted conformation about the S-S
bond, with dihedral angles (CSSC) = 53.9° and ¢(CCCC) = 29.0°
bonds length r(S-S) = 2.051(3) A, r(C-S) = 1.759(4) A, r(C=C) =
1.353(3) A, and r(C-C) = 1.451(1) A, and an electric dipole moment
o = 1.850(1) D. The experimental gas phase structure of 3 is simi-
lar to the 1,2-dithiin ring structure found(7.14d.23,26} in anellated 1,2-
dithiins and 3,6-(bishydroxymethyl)-1,2-dithiin by X-ray crystallogra-
phy. For example in the X-ray structures the S-S bond lengths (aver-
age value 2.06 A) are close to the microwave value of 2.05 A; all the
1,2-dithiin rings have a twisted configuration with $(CSSC) varying
from 50.8° to 54.4°, compared to the microwave value of 53.9°. There
are larger structural differences in the diene portion of the ring com-
paring 3 and 3,6-(bishydroxymethyl)-1,2-dithiin (¢(CCCC) = 29.0°
and 29.9°, respectively) with the annulated 1,2-dithiins (¢(CCCC)
ranges from 21.45° to 20.2°). The decrease in $(CCCC) makes the the
diene portion of the ring more planar, enhancing conjugation with the
fl;sed aromatic rings. In the diborneno 1,2-dithiin, $(CSSC) = 46.6°
and ¢(CCCC) = 23.9° and H(S-S) = 2.065 A.[7} The structure calculat-
ed for 3 [27] is in reasonable agreement with experimental results.

NMR and UV Spectra

1,2-Dithiin has 'H and 13C NMR peaks at & 6.07 (c) and 6.29 (B)
(Jap=93,Jpp=35.5, Jaa = 1.6 and Jop' = -0.1 Hz) and at 119.43 (a)
and 129.74 (B), respectively. Thiarubrine A (la; see numbered struc-

- ture above) has ring protons at & 6.66 (d, Jg9 = 7.0 Hz; H8) and 6.51

(dq, H9) and ring carbons at 118 (C7). 136.1 (C8), 132.3 (C9) and 111
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(C10). Thiophene has 'H and 13C NMR peaks at § 7.20 () and 6.96
(B) Jop=4.8,1p=3.5, Jae = 2.8 and Jop' = 1.0 Hz), at 124.9 (o)) and
126.4 (B), respectively, while thiophene A (2a) has ring protons at &
7.27 (Jg,9 = 4.0 Hz; H8) and 7.05 (H9). The deshielding experienced
by thiophene protons compared to those in 3 reflect the aromatic ring
current present in the former but absent in the latter. The larger value
of Jop in 1a and 3 compared to the value in the analogous thiophenes
reflects the twisted six-membered ring conformation [for 3, $(CCCC)
=29°] present in the former and absent in the planar thiophenes

The UV spectra of 3 (457 nm; log € 1.98) and 3,6-diphenyl-1,2-di-
thiin (465 nm, log € 3.51) can be compared to those of 3,4-benzo-1,2-
dithiin (407 nm, log £ 2.48) and colorless dibenzo[c,e][1,2]dithiin
(305 nm, log £ 3.46); thiarubrines show UV Apax at 490 (log € 3.48).
The 13C NMR and UV data for 1a and 3 rule out (Z)-2-butenedithione
structures since the thiocarbonyl carbon typically shows 8¢ 275 ppm
and UV Aqax at ca. 640 nm.

PHOTOCHEMISTRY

A notable property of 1,2-dithiins is their light sensitivity, with brief
exposure to visible or UV light giving the corresponding thiophenes
(e.g. 1a - 2a).13) The quantum yield for conversion of 3,6-diphenyl-
1,2-dithiin to 2,5-diphenylthiophene is 0.91.128] Ring opening of 1,2-
dithiins to (Z)-butenedithione derivatives has been postulated,[2,3.25]
and involvement of various valence isomers of 1,2-dithiin in the de-
sulfurization process has been suggested.123d] As well, direct extrusion
of singlet sulfur from 3 is calculated to be disfavored by ca. 80 kcal
mol-1.[25) Exposure of 1a to visible light, leading to desulfurization,
results in enhanced biological activity.(]

Brief irradiation of 1,2-dithiins with visible light at -60 to -75 °C
affords in excellent yields 2,6-dithiabicyclo[3.1.0Jhex-3-enes (24,
Scheme 10), a previously unknown class of compounds, identified by



14: 04 28 January 2011

Downl oaded At:

186 ERIC BLOCK

low temperature NMR methods, by LC with a photodiode array detec-
tor and by LC-MS. [29] On warming, or on further exposure to light,
24 affords thiophenes 22 and sulfur, while with catalytic acid 24b and
24c rearranges to 2- and 3-mercaptothiophenes (27 and 28), respec-
tively (Scheme 11). Matrix isolation and flash photolysis techniques
were used to identify and determine the lifetime in solution of s-cis-s-
trans-(Z)-2-butenedithial (c2t~23b), a presumed intermediate in the
formnation of 24, and to define alternative low temperature photochem-
ical pathways available to c¢Zt-23b, such as rearrangement to thioke-
tene 29 (Scheme 12). We propose that the 2,6-dithiabicyclo[3.1.0]hex-
3-ene photoproducts are formed by a thermal 4, + 52, rearrangement
of the initally photochemically formed (Z)-2-butenedithials (23). Rear-
rangement of photoproducts 24b and ¢ to mercaptothiophenes 27 and
28 presumably involves acid catalyzed ring opening giving the most
stable carbocation, 25 and respectively.[29]

It is noteworthy that irradiation of unsymmetrically substituted 1,2-
dithiins leads to regioselective formation of photoproducts, e.g. 30 —
31a and not 31b, 1a — 32a favored over 32b, 1b — 33a favored over
33b, and 1d = 34a favored over 34b (Scheme 13).130] These obser-

Scheme 10: Photochemical Rearrangement of 1,2-Dithiins

H H
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21 22
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Scheme 11: Acid Catalyzed Rearrangement of 1,2-Dithiin Photoproduct
H
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Scheme 12: Matrix Photochemistry of 1,2-Dithiins
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vations can be rationalized if it is assumed that in the thermal 4, + 2,
cyclization of the light-produced (Z)-1,4-but-2-enedithiones, like anal-
ogous intermolecular g4+ 2 cyclizations of thioketones where the
HOMO of the diene overlaps with the LUMO of the thioketone, elec-
tronic effects on the LUMO of the thioketone are greater than analo-
gous effects on the diene HOMO, and that substituents that lower the
LUMO of the thioketone make it a better dieneophile (e.g. HOCH;
better than Me, RC=CC=C better than MeC=C, etc.).[31] It is interest-
ing that deeply colored diborneno dithiin 8 (Amax 490), which on ring
opening cannot achieve the cZt-23 geometry, is stable to light.[}4a]
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Scheme 13: Regioselective Formation of 1,2-Dithiin Photoproducts
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ONE- AND TWO-ELECTRON OXIDATION

Electrochemical oxidation of 1,2-dithiins was studied using cyclic vol-
tammetry.[32] Reversible oxidation occurs at 0.67-0.745 V in CH3CN
and 0.81-0.85 V in CH;Cl; followed by irreversible oxidation at high-

er potential. For comparison, electrochemical oxidation potentials of
2,5-diphenylthiophene and PhSSPh are 1.13 and 1.34 V, respectively.
The lowest gas phase ionization potential of 1,2-dithiin determined by
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Hel photoelectron spectroscopy (PES) is 8.16 eV, which is comparable
to that of PhSSPh (8.3 eV). The electrochemical oxidation potential of
1,2-dithiin is anomalously low based on its ionization potential (which
is only slightly lower than that of PhSSPh). Theoretical calculations
suggest that this effect is primarily due to a conformational difference
between 1,2-dithiin and its cation radical and dication (the latter two
being planar). The time scale of electrolysis allows for flattening of the
ring on oxidation while the much shorter time scale of the PES mea-

surement does not.32] The prominence of M* ions in mass spectra of
1,2-dithiins is also consistent with especially stable cation radicals.

Two—elcctrbn oxidation of 1,2-dithiins is relatively straightforward
using m-CPBA or other oxidants. The resulting 1,2-dithiin 1-oxides
and 1,1-dioxides are pale yellow compounds which can be reduced
back to the 1,2-dithiins using acetic anhydride with DMAP and activa-
ted zinc in CH,Cl3 at 25° (Scheme 14).[142.d,27¢,33-35] A stable 1,2-
dithiin 1,1-dioxide has been prepared by a Diels-Alder route.[36]
Oxidation of 3,6-diphenyl-1,2-dithiin with H202/HOAc gives 1,4-
diphenylbutadiene-1,4-disulfonic acid.[4b] Oxidation of unsymmetrical
1,2-dithiins affords pairs of 1,2-dithiin 1-oxides or 1,1-dioxides. Thia-
rubrine J (1§, Figure 1), an S-oxide, occurs naturally.

Scheme 14: Oxidation of 1,2-Dithiins
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PATENTS

1,2-Dithiin structures and syntheses have been patented because of
their potential pharmaceutical applications. Patents include methods
for preparing 1,2-dithiins and their precursors,[372] for synthesizing
water-soluble glycosylated 1,2-dithiins,[37b}! 1 2-dithiins as antifungal
agents,[37¢.d], and natural 1,2-dithiins for treatment of candidiasis.[37¢]
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