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ABSTRACT. As a precursor of tetrathiatulvalene (TTF) derivative. 3.6-dimethyl-1.3-dithiolo[4.3-A][1.4]
dithiin-2-thione {compound 3) was svnthesized by the unusual Lawesson’s reaction. Depending upon the sub-
stifuents such as dimethyl and diphenvl groups. two dillerent products containing 1 4-dithiin and thiophene
moielies, respectively, were oblained and characlerized by “"C NMR and high-resolution electron impact
(1IREI) mass spectroscopy. The formation of' 3 was (urther characterized by X-ray structure analyvsis. Crvs-
lallographic data for 3: triclinic. space group PI. a—4.145()0A. b-10.600()A. c=12.27H A . a—71.440(10Y".
B—84.30(2)". y=B7.31(2)". /-2 and R(xR,)—.0339(11.1416). The formation mechanism of two products was
suggested and compared cach other.
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INTRODUCTION

one of which is the unusual reaction of Lawes-

Tetrathiafulvalene (1117 C1LS,) is one of the versa-

tile electron-donor molecules used for the svnthesis of

organic metals and new molecular building blocks in the
field of molecular engineering.'® With these purposes.
many TTF derivatives have been synthesized by several
ways~ among which phosphite-based coupling method
with 2-thioxo-1.3-ditluole denvatives 1s tairly common.

2-Thioxo-1.3-dithioles have been prepared by diverse

son's reagent (L.R) with 1.8-dikctones.® We previoushy
reported the synthesis of a thiophene fused 2-thioxo-1.3-
dithiole applving this method and its cross-coupled prod-
uets.™ In this paper. we report the svnthesis. character-
ization and X-ray structure analvsis of 5.6-dimethyl-1 3-
dithiolo[4.5-4]| 1 4|dithiin-2-thione (compound 3} and
compare them with those of 4.3-diphenylthieno[2.3-d]-
1.3-dithiole-2-thione (compound 4). We also suggest the
mechanism tor the formanon of two different products
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according to the variation of the substitucnts. phenyl and

L~ <L

TTF 2-thioxo-1,3-dithiole

methyl.

EXPERIMENTAL SECTION

"H and “C NMR spectra were recorded with a Bruker
AMX-300 NMR spectrometer at Korca Basic Scicnee
Institute (KBSI). Infrarcd spectra were obtained by the
KBr pellet method on a MIDAC FT-IR spectrometer and
UV-vis speetra in acctonitrile on HP 8452A diode array
spectrometer. High-resolution clectron impact (HREID)
mass spectra were obtained on a double focusing mass
spectrometer {IMS-SX-102A. JEGL.. Akishima) operai-
ing with a resolving power of 10000. The ionization
energy was sel al 70 eV, acceleration voltage 10 kV. and
the ion source temperature 200 °C.

Synthesis of compound 1. To a 30 ml. ¢thanol sus-
pension of BTTYT (1.01 g0 2.5 mmol) was added Na
lump (0.12 g. 3 mmol) under nitrogen. and the mixture
was stired for 30 min. 3-Chloro-2-butanone (0.51 mL. 3
mmel) was added to the mixture and stirred overnight at
room temperature. The red solution was evaporated under
reduced pressure. and the residuc was purificd by col-
umn chromatography on a silica gel support with chlo-
rolorm/z-hexane (1:2) as an eluent. The first band was
collected and recrystallized as a light yellow crystal.
Yield 58%.: TIR-EIMS(m:2) cale. for C11.,0.8: 337.9597
obs. 337.9614: 11 NMR (500 M1L.. CDCL) 8 3.84 (211
-CO-CH-. 4. =705 17) 2.35 (6. -CO-CH:. ). 1.53
(611, -CO-CH-CH:, d. J 7.16 Hz): C NMR (125.8
MHz. CDCl:) 6 210.0 ((=0) 203.2 ((=S) 137.1 ((=()
54.02 (-S-CH-) 26.83 (-CO-CHs) 16.61 (CH:-CH-). FT-
IR (KBr. cm™") 2982w (CH; sym. str.) 2930w (CH: sym.
str.) 1704s (C=0) 1449m (CH- asym. defl) 1354m (CH-
sym. def.y 1160m (C=C) 1038s (C=S). 1039m (C=S)
968m (C-S) 561m 32Im (ring oop): UV (CH:CN. nm)
196(st) 2700w} 376(st).

Synthesis of compound 3. A wluene solution (30 ml.)
containing Lawesson’s reagent {1.66 mmol. 670 mg) and
compound 1 (1.27 mmol. 430 mg) was refluxed for 24 h
under nitrogen. After filtration at room temperature. the

filtrate was decolorized with activated charcoal. Concen-
tratcd undcer reduced pressure. the orange product was
puriticd by column chromatography on a silica gel clut-
ing with chloroform/n-hexane (1:2). The fiest band was
collected and crystallized as an orange needle. Yield
10%: TIR-EIMS(m/z) cale. for C:11.S8: 2499066 obs.
2499073 11 NMR (500 Mllz CDRCL) §2.11 (611, I 1.,
) FC NMR (125.8 MIlz CDCL) 8 208.0 (€=8) 129.7
(-8:0=CS:-) 1285 (CH-C=C-CIT) 20,67 (-CHLY: FT-IR
(KBr. cm 'y 2923w (CI1 asym, str) 2832w (CH, sym,
str.) 1492w (CH: asym. det) 1434w (CH. sym. detf))
1070s (C=5) 909m (C-S) 306m (ring cop): UV (CH-.CN.
nm) 202(st) 222(sh) 314{w) 392(m).

Synthesis of compounds 2 and 4. Syntheses and
characterization of compound 2 and 4 were achicved by
following the same proccdurcs for compounds 1 and 3.
respectively, and described in the previous report in detail.™

X-ray structural analysis. X-ray crystallographic
data of compound 3 were collected on an Enral-Noius
CAD-4 awtomatic diffractometer with graphite-mono-
chromated Mo-K. radiation (A=0.71073A) at 293(2) K.

tible 1. Crystal data and structure refinement for compound 3

CEmpirical formula CILS.
Formula weight 250.42
Crystal system triclinic
Space group PT

Linit cell dimensions

a(A) 4.1452)
b(A) 10,6062}
c(A\) 12.279(2)
o) TL44
B 84.30(2)
W 87.531(2)
Volume {AY 308.8(3)
z 2

Calc. density (Mgim™ 1.634
Absorption coell, (mm ') 1.079
F(00M 256

Crystal size (mm™)

Index ranges

Reflections collected/unique
Complcteness to 20=24.96
Data‘restraints:parameters
Goodness-of-fit on #”

Final R |I=2sigma(/}|

R mdices (all data)

Largest dilf. peak and hole

0.13x0.13%0.30

0<h<d, 122412, 1414
137471201 [R{int=0.0278]
67.6%

120170109

1.085

Ri=0.0359, wR.—0.1416
Ri=0.0393, wR.—0.1449
0.495 and -0.460 ¢ A™
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Intensities o independent rellections within 8 range
1.76-24.96" were measured by @ 20 scan methods. All
caleulations were perfonned on an 1B3M PC using SHELXS-
86 and SHIELXS-93 programs. and atomic scaliering
tacters for all non-hvdrogen atoms were supplied by the
SHELXS-86 system.™
tion for data cellection are given in Table 1.

Crvstal parameters and intorma-

RESULTS AND DISCUSSION

The synihetic pathway 1o compounds 3 and 4 1s shown
in Scheme 1. Compounds 1 and 2 were obtained rom
BTIT according 1o the known procedure.™ The reaction
of the compounds 1 and 2 with a Lawesson’s reagent
(1..R) provides two dillerent iypes of products depending
on the nature of the substituent. Treatment of precursor
1 containing methyl groups with LR produces a six-
membered 1.4-dithin ring denvative 3. whereas the reac-
tion of precursor 2 with LR unexpectedly gives a thiop-
hene derivative 4. These results were confirmed by "HAC-
NMR and HREI mass spectroscopie measurements: HREI
mass speetroscopic data (m z—249.9073 for M') and the
equivalent chemical shill for the two sp” carbons linked
1o (he methy] group (8—128.5 ppm) indicate the lorma-
tion of a 1 4-dithiin ring in compound 3. which was [ur-

ther conlirmed by X-rav structure analyvsis as will be
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e ¢

2R O S S R

< —

a R R 0
R=CHs (1)
R=Ph (2)

R=Ph R=CH,
LR. LR.
S—-8§ S—_~S< _-CH,
s | s |
~ Qe =<SISICH3
Ph
4) 3

L.R. = Lawesson's Reagent

is
N
MeO P\S/E—Q—OMe

Schene 1. Svnthesis of compounds 3 and 4.
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with atomic
numbering scheme: Side (A) and op (B) views, Selected

Fig. |. Molccular structure of compound 3

bond lengths (A) and angles (*) $1-Cl 1.636(6). $2-C2
1.726(6). S2-C1 1.728(6). S3-Cl1 1.729(6). 83-C3 1.740(6).
Sd4-C3 1.738(6). S4-C4 1.777(6). 85-C2 1.746(6). 83-C5
1.777(6). C2-C3 1.342(8). C4-C5 1.339(9). Cd-CH 1 495(8).
C3-C7 1498(9). S1-C1-82 123.1(d). S1-C1-83 124.1(4). 52-
C1-83 112.8(3).

discussed below. On the contrany, the EI mass data (mez—
342 for M) and the different chemical shifts for the (wo
sp° carbons linked to the phenvl group (8-132.633 and

33.895 ppm)®
thiephene moicty in compound 4.

strongly indicate the tormation of a

Moleeular structure of compound 3 is demonstrated in
Fig. 1. All sultur atoms n compound 3 are almost in a
plane (plane A). The atoms (S4. S3. C4 and C3) also torm
a planc B. These two planes are tolded up with the dihe-
dral angle of 126.55". It is well-known from the molec-
ular orbital calculation of the 14-dithiin ring® that the
nonoxidized 1 4-dithiin ring has a folded-up conforma-
tion with a lolding angle of 137" whereas (he oxidized
ring is nearly planar. The bond lengths and angles of
compound 3 are very close (o those observed in the mol-
ceules of this nvpe such as 4.3-(1°2-diphenylethylene-
dithio} 1.3-dithiole-2-thione (dPhEDT-DTT).™ For example.
the distances of S1-C1 (1.636(6)A) and C2-C3 (1.342(8)A)
m compound 3 are very simlar to the corresponding
bond distances (1.634¢HA and 1.347(6)A. respectively)
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fabh: 2. Selected S++-S and S+ 1 bond distances{ A) tor com-
pound 3

Atoms Distance Atoms Distance
S(1y--S(3) 3.639 S(2)---8(3)F 3630
S(3)y--S(3)w 3.380 S(3)--S(3)F 3046

S(y-16C)E 2735 S(dy-HGA) 2622
S(5)-1(7A) 2616

svmnelry transfommations: %, 1-x. 2-y 1-z0 . -v. 2-9. 2-z: %,
xilowl.z

ol dPhEIYT-IDTT. The selected 8S and S+-<11 bond dis-
tances for compound 3 are collecled in fahfe 2. Inter-
molecular 8-+ 8 inleraction shorter than the sum ol van
der Waals radii of sulfur aloms (3.7A) has been regarded
as one of the requirements lor a facile electrical condue-
" Several intermolecular §+--
3.380-3.659A. Some inter-

and intra-melecular S--H bonds arc also obscrved and less

tion in this tvpe of molecules.

S inferactions hie in the range

than the sum of their van der Waals radii (3.04)."

The svnthetic results showed a similar trend  to
Oztwk's experimental data i his recent report. How-
ever. the mechanism for ring contraction and tollowing
desullurization of an intermediate was ambiguously des-
cribed in lerms of electroevelic reaction. Thereflore. we
suggesl the delailed formation mechanism of produets 3
and 4 in Schrenme 2. As Ozturk explained. it is expecled
that the starling matenals (compounds 1 and 2) are con-
verled inlo six-membered ring derivatives I by Lawes-
son’s rcachon through several transtornmantons. Interaction
of the mtermediate T (R—CH,} with LR gives product 3
resulting n loss of a side cham. The proposcd mecha-
nism for the ring contrachion of the mtermediate 1
(R=Ph) presumably begins with the migration of any
polarizable cleetron pair on the six-membered ring sul-
lide. generating (hree- and five-membered rings fused
dipolar inlc‘-rmcdialc IIT such as the lavorskii reaction
intermediate.”” This dipolar intermediate is stabilized by
the two phenvl groups and vacant d=orbital of the sulfur
atom. The anion of the intermediate moves Lo form car-
bon-carbon double bond. and it gives rise lo ring-open-
ing. The subscquent desulfurization w1 the mtenmediate
TV tollowed by thiophene formation leads to the product
4. The reason tor the exclusive forimation of product 4
from the reaction of LR with rcactant 2 docs not scem
to be so simple. It may attnbute production of compound

B - EEAEE - B0V - BEG

0
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Scheme 2. A proposed miechanism for the formation ot

compounds 3 and 4.

4 o combination of several factors. such as charge dis-
tribution of the dipolar intermediate IIT and thermody-
namic stability of compound 4 by electronic delocaliza-
tion between thiophene and two phenyl groups. We sup-
pose that these eNects in formation of compound 3 can
be much weaker than those in formation ol compound 4.

Supplementary material available. Tablcs of aniso-
tropic displacement parameters tor non-hydrogen atoms.
full bond lengths and angles. and hvdrogen coordinates
and isotropic displacement parameters are available on
request.

Acknowledgement. The author (1D.Y. Noh) wishes to
acknowledge the financial support of the Korea Research

Foundation made in the program vear of” 1998,

REFERENCES

L. Becher. I.: Schaumburg. K. ed. folecular Fngineering
Jor Advanced Materials, Kluwer: Dordrecht. Nether-
lands, 1995,

2. Schukat, G.. Richter, A. M. Suffur Reports 1987, 7.
155.

3.(a) Knet, A, Tetrahedron 1986, 42, 1209, (b) Narita.

Jowrnad of the Korean Chemicdd Soceiete



TIF ) B-2pe] ATl 24 F 7] V- 1.3-Dithiole-2-thione 213ha-2| &4 5l SAd3t 37

M.: Pittman Jr.. C. U, Swathesis 1976, 489 and refer- gram for Structure Refinement: University of G6
enues therein. itingen. Germuny. 1993,
4, Hasen. 'I. K. Besher. J. Adv Aaterr 1993, 5. 288. 8. Nahano. T.: Monhashi. K.: Kikuchi. O.J Aol Siruct.
3. () Noh. D.-Y.: Lee. H-J.. Hong. J.. Underhull. A. E. (Theochem ) 1991. 251, 283,
Tetrafiedron Lett. 1996, 37. 7603, (b) Lee. H-I. Noh. 9. Bondi. A, J. Phys. Chem 1964, 68, 441,
D.-Y. Bufl. Korcann Chem. Soc. 1998 19, 340, (¢) I.ec. 10. Wu. I.. P2 Dai. J: Munakata. M.: Kuroda-Sowa, T.:
I1-J: Kim. Y-Y: Noh. D.-Y. Budl. Korean Chem. Soc. Mackawa. M. Sucnaga. Y: Ohno. Y. J. C. 8., Dalton
1998. 19, 1011]. {rans. 1998. 3255,

6. (a) Ozturk, T. Fetrahedron Letf, 1996 37, 2821, (b) 1. Huheey. J. E. Keiter, T A Keiter. R. 1. fnorganic
Ozturk. T Wallis, 1. D. deta Crstallogr: 1996. C52. Chemistrv -Principles of Structure and - Reactivip-,
2552 Jth. ed.: Harper Collins: NY. 1993, pp 292.

7. (a) Sheldrick., G. M. SIIELXS-86: A Program tor Stru- 12. (a) Abad. A.: Ammo, M. Pedro. J: Scedanc. T fetrahe-
cture Determination: University of Géttingen, Ger- dromr L. 1981 22, 1733, (b) Sakai. T.: Katavama. T.:
many. 1986. (b) Sheldrick. G. M. SITELXS8-93: A Pro- Takeda. A. J. Org. Chem. 1981, 46 2924,

2000, I'of. 44, No. 6



