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Abstract: Efficient synthesis of anovel tetrathiafulvalene building
block, 2,3-bis(2-cyanoethylthio)-6,7-bis(thiocyanatomethyl)tetra-
thiafulvalene (7) useful for stepwise and asymmetrical bis-function-
alization is reported.
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Among sulfur-containing heterocycles the tetrathiaful-
valenes have been intensively studied during the past two
decades.! The tetrathiafulvalene moiety has been exten-
sively modified in the search of new donor molecul es suit-
ablefor the formation of low dimensional organic metals.?
Furthermore, there has been an increasing interest in in-
corporating tetrathiafulvalenes into macrocyclic and su-
pramolecular structures.®* From this point of view the
selective functionalization of tetrathiafulvalenesisaprob-
lem, because tetrathiafulvalene has a D,, symmetry with
four identical potential attachment sites (Figure 1, a).

Versatile tetrathi afulvalene building blocks have been de-
veloped in recent years, and many problems concerning
the selective functionalization of tetrathiafulvalene have
been solved.>® Tetrakis(2-cyanoethylthio)tetrathiaful-
valene® is a useful tetrafunctionalized tetrathiafulvalene
building block of typea (Figure 1). The four cyanoethyl
thiolate protecting groups are readily deprotected when
treated with 4.5 equivalents of cesium hydroxide monohy-
drate, and the resulting thiolates can subsequently be re-
alkylated. In addition it has been shown that selective and
stepwise deprotection of the cyanoethyl thiolate protect-
ing groupsis possible, by treatment with one equival ent of
cesium hydroxide monohydrate.*® When tetrakis(2-cya-
noethylthio)tetrathiafulvalene is treated with 2.0 equiva-
lents of cesium hydroxide monohydrate, symmetrical/
pseudo-symmetrical deprotection takes place exclusively
to produce acig/trans mixture of type b/cbis-thiolates, i.e.
no asymmetrical bis-deprotection (type d) is formed.*°

Although the discovery of the cyanoethy! thiolate protect-
ing group and the methodol ogy for sel ective deprotection/
realkylation have revolutionized the possibilities for in-
corporation of tetrathiafulvalene into macrocyclic and su-
pramolecul ar structures, no preformed tetraf unctionalized
tetrathiafulvalene building block of type d has so far been
presented. A perfect type d building block should possess
two orthogonal sets of protection groups.!® Each set
should contain two identical protection groups, henceitis
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Figure 1 Symmetry properties of substituted tetrathiafulvalenes

possible to functionalize the tetrathiafulvalene moiety re-
gioselectively in the 6- and 7-position (see Figure 1d) in
one synthetic step, followed by a functionalization of the
tetrathiafulvalene moiety in the 2- and 3-position in the
next step.

We report here the synthesis of aversatile tetrafunctional-
ized tetrathiafulvalene of typed, having two thiolate
groups in the 2- and 3-positions protected by the conven-
tional cyanoethyl group,>%° whereas the tetrathiaful-
valene is functionalized through two thiocyanato-
methyl groups in the 6- and 7-positions. The two thio-
cyanatomethyl groups can be deprotected with sodium
borohydride in a mixture of THF and ethanol to generate
the reactive 2,3-bis(2-cyanoethylthio)tetrathiaful valene-
6,7-bis(methylthiolate) (7b) (Figure 2), without inter-
fering with the cyanoethy! protected thiolate groups.

NC/—\S
S S SCN NaBHj (excess)
| >:< | E——
s s SCN
NC S 7a
__/

NC S S s <
=
NC s S - S S

Figure2 Reductive deprotection of thiocyanate protection groups
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Scheme 1

The key starting materia in our synthesis is the 4,5-
bis(hydroxymethyl)-1,3-dithiole-2-thione 2, which was
obtained by modification of the procedure reported by
Fox and coworkers.! The reported procedure for reduc-
tion of 4,5-bis(methoxycarbonyl)-1,3-dithiole-2-thione'?
(1) with sodium borohydride in the presence of lithium
chloride was not suitable for scale-up in our hands. How-
ever, by using sodium borohydride in the presence of lith-

CHS. s s SR
= s
cHs” S s
9a R = CHjg, 82%

9b R = CH,Ph, 78%
9¢ R = CH,CHy, 77%

tetrabromide and triphenyl phosphine yieldéwas orange
needles in good yield. It is important that the starting di-
alcohol5 is pure and the solvent is absolutely dry, other-
wise byproducts are formed. Compoudids a reactive
bis-electrophile, due to the pseudo-benzylic position of
the two bromine atoms, which makes unstable
under ambient conditions. Elemental
spectral data for compoun® were all consistent

ium bromide in a mixture of THF and ethanol at —10 °Gyith the assigned structure. The high reactivity6as

the reduction ofL proceeded smoothly in 85% yield toseen in the reaction with potassium thiocyanate, which

give the desired dialcoh@lin multigram quantities.

Next the two hydroxy groups in 4,5-bis(hydroxymethyl
1,3-dithiole-2-thiong2) was protected as thert-butyl-
diphenylsilyl ether® using tert-butyldiphenylchlorosi-
lane in DMF in the presence of imidazole, affordgim
almost quantitative yield.

converts 6 quantitatively to 2,3-bis(2-cyanoethylthio)-

)_6,7-bis(thio-cyanatomethyl)-tetrathiafulvalene(?) in

<5 minutes. Although bis(thiocyanatomethyl)aromatic/

heteroaromatic compounds are useful for the preparation

of the corresponding thiolatésno analog in the tetrathi-

afulvalene series has, to our knowledge, been described.

The bis-protected dialcohBlwas then cross-coupled with 10 Study the potential of as a typel building block, the

an excess (2.8 equiv) of 4,5-bis(2-cyanoethylthio)-1

dithiol-2-oné in neat triethyl phosphite to give the asym

4ollowing regioselective deprotection and realkylation re-

actions were carried out. Treatmen¥afith excess sodi-

metric tetrathiafulvalend in 41% yield. Deprotection of UM borohydride in THF/ethanol afforded the reactive 2,3-

the twotert-butyldiphenylsilyl protecting groups with tet-

bis(2-cyanoethylthio)tetrathiafulvalene-6,7-bis(methylth-

rabutylammonium fluoride (TBAF) in THF afforded 213_iolate) (7b) (Figure 2) which was trapped in situ with dif-

bis(2-cyanoethylthio)-6,7-bis(hydroxymethyl)tetrathia-
fulvalene(5) in 85% yield. Conversion of dialcohblto

ferent electrophiles to giv&alkylated tetrathiafulvalenes
8a—cin 76—80% yields. Subsequently the remaining two

the useful 2,3-bis(2-cyanoethylthio)-6,7-bis(bromometHEyanoethyl thiolate protecting groupsda—cwere depro-

yltetrathiafulvaleng(6) posed a challenging problefh.

tected using 2.2 equivalents of cesium hydroxide mono-

The bromination was carried out in THF using carbofydrate followed by addition of iodomethane affording
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the corresponding 2,3-bis(methylthio)tetrathiaful valenes
9a—cin 77-82% yields after column chromatograghy.

Furthermore, treatment @fwith 2 equivalents of sodium
borohydride and quenching the reaction mixture with sa;
urated ammonium chloride after 15 minutes, followed by
column chromatography gave 2,3-bis(2-cyanoethylthio)
6,7-bis(2,3-dithiabutane-1,4-diyl)tetrathiafulvalen@d)

in 61% vyield. This type of tetrathiafulvalene derivatives
are of considerable current interrest due to its peripher

S-position
valene!™%°

NaBH (2 eq.) NC S s s
. THF-EtOH, rt, 15 min__ | >7< | S
61% o s
s s
NC S sd
/

NaBH, (excess) NC S s s SCH
THF-EtOH, CHgl, rt, 75 min_ :[ >7 < | 3
91% S S SCH3
NC S sa
__/

Scheme 2

The disufide 8d could be further reduced with excess so-
dium borohydride to give 7b which was trapped in situ
with iodomethane affording 8a in 91% yield. These re-
sults strongly indicate that the disulfide 8d is an interme-
diate in the generation of the bis-thiolate 7b.2°

Single crystals of 9¢c were obtained by careful recrystalli-
zation from chloroform/methanol, and its structure was
determined by X-ray crystallography. As shown in Fig-
ures 3 and 4, the central tetrathiafulvalene framework of
9cisessentially planar. The asymmetric unit ishalf amol-
ecule asatwo-fold rotation axis passes through the central
C1-C2 bond.

Figure 3 Molecular structure of 9c. Displacement ellipsoids are
drawn at the 50% level
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isomerism with ethylenedithiotetrathiaful-

¥

Figure4 Stereo drawing of the molecular structure of 9c

In conclusion, we have developed an effective synthesis
of 2,3-bis(2-cyanoethylthio)-6,7-bis(thiocyanatomethyl)-
tetrathiafulvaleng7) possessing two orthogonal sets of
thiolate protecting groups and demonstrated that it fulfills
the requirement for an asymmetrical tetrafunctionalized
tetrathiafulvalene of typd. Thus7 is the first example of

a typed tetrathiafulvalene building block.

All reactions involving tetrathiafulvalenes were carried out under

an atmosphere of dry N,. THF was distilled from Na/benzophenone
immediately prior to use, MeOH and EtOH was distilled from Mg.

DMF was allowed to stand over molecular sieves (4 A) for at least
3 d before use, while acetone was dried over G&B@kerite). LiBr

was dried overnight at approx. 200 °C in vacuo. All reagents were
standard grade and used as received unless otherwise stated. Ana-
Iytical TLC was performed on Merck DC-Alufolien Kieselgel 60
F254 0.2 mm thickness precoated TLC plates, while column chro-
matography was performed using Merck Kieselgel 60 (0.040—
0.063 mm, 230-400 mesh ASTM). Melting points were determined
on a Bichi melting point apparatus and are uncorrected. Microanal-
yses were performed at the Microanalytical Laboratory, University
of Copenhagen, or the Atlantic Microlab, inc., Atlanta, Geofgla.
NMR spectra were recorded on a Gemini-300BB instrument at 300
MHz using the deuterated solvent as lock and TMS or the residual
solvent as internal standardC NMR spectra were recorded at
75 MHz using Broad Band Decoupling. Electron Impact lonisation
Mass Spectrometry (EIMS) was performed on a Varian MAT 311A
instrument and Plasma Desorption Mass Spectrometry (PDMS)
was performed on a Bio-lon 20K time of flight instrument from Ap-
plied Biosystem on the basis of 5.000.000 fission events. IR spectra
were recorded on a Perkin-Elmer 580 spectrophotometer. Cyclic
Voltammetry (CV) was carried out on an Autolab/PGSTAT 10 in-
strument using CCl, as the solvent employing BNPF; (0.10 M)

as supporting electrolyte, with a sweep rate of 100 mV/s. Counter
and working electrodes were made of Pt, and the reference electrode
was Ag/AgCl.

4,5-Bis(hydroxymethyl)-1,3-dithiole-2-thione (2)

To a well stirred solution of*? (15.0 g, 59.9 mmol) and dry LiBr
(10.4 g, 120 mmol) in anhyd THF (120 mL) and anhyd EtOH
(60 mL) at —-15to—-10 °C was slowly added powdered NgBH
(4.80 g, 127 mmol) in portions over 20 min. An exothermic reac-
tion took place and temperature should be kept under =10 °C for
further 30 min. Then kD (600 mL, 0 °C) was added and then dil
HCI (4 N) was carefully added until the evolution of¢s ceased.
The mixture was extracted with EtOAcX80 mL), and the extract
was dried (MgS@). Evaporation of the solvent gave an yellow oily
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residue which was redissolved in CH,Cl,/EtOAc (2:1,50 mL) and *C NMR (CDCK/TMS): § = 18.72, 19.04, 26.50, 31.14, 59.44,
filtered through a short column (6 cm silica gel, 10 cm @). The c089.97, 102.21, 117.53, 127.85, 128.19, 129.99, 130.35, 132.49,
umn was first eluted with C}I,/EtOAc (2:1, approx. 1 L). The 135.54.

first yellow fraction contained trace amount of the starting materi . on) —

and the mono alcohol. Next the desired dialc@(&f 0.2, CHCI,/ %S(EI)' m/z (%) = 910 (M, 2.5), 199 (100).

EtOAc, 1:1) was eluted with GBI/EtOAc (1:1) until the solution IR (KBr): v = 3069, 3046, 3014, 2953, 2929, 2250 (CN), 1471,
was colourless (approx. 2 L). The second fraction was concentraf#R7, 1263, 1113 crh

in vacuo to give yellow crystals @f yield: 9.93 g (85%). The prod- Anal. C,H:N,0,S.Si, (911.4): calcd C 60.62, H 5.53, N 3.07;
uct was sufficiently pure for further reactions, but can be recrystagbund C 60.45, H 5.51, N 3.01.

lized from EtOAc/petroleum ether (bp 60-80 °C) to give pal e
yellow crystals; mp 88—-89 °C (Litmp 87-88 °C). 2 (CHCl,, vs. AG/AQCI): E,, =054V, 0.96 V.

4,5-Bis(tert-butyldiphenylsiloxymethyl)-1,3-dithiole-2-thione \le'eiies%cyanoe‘hy“h‘°)'6’7‘b‘s(hydroxymethy')te"a‘hiaf“"
3) . .

. : Compound 4 (2.90g, 3.18 mmol) was dissolved in anhyd THF
To a solution o (3.20 g, 16.5 mmol) in anhyd DMF (200 mL) was .
first added tert-butyldiphenyichlorosilane (13.5mL, 14.3g, (5°.mLe)d“”f’tﬁ N in Z?SZT“L O“fj“”ec"etd roum‘:"j’gf”fgsﬂaf‘
52.0 mmol) in one portion followed by imidazole (24.0 g‘gqgl(ljpp \INI a%%ger; blc Irrer ar; asep umt. th (L. edm '
353 mmol). The yellow solution was stirred overnight at r.t., where= mmol) was Yy Means ol a syringe to the orange red so-

upon the yellow orange solution was diluted with,CH (400 mL). ution in one portion. TBAF (9:20 mL of a}.O M SOI!J“C’” n T.HF’

The combined organic phase were washed with 4 N H?{ZO mmd) was added dropW|se.t.o the mixture using a syringe
(3% 300 mL), HO (2x 300 mL), dried (MgSQ and the solvent 0 min). After stirring for an a_\ddltlonal 15 hothe colour darl_<ened

was evaporated. The resulting yellow residue was redissolved%d thesol_vent Wasg/aporatedlnvacuoat25 C. Th? resu_ltlng red
CH,CI, (15mL) and subjected to column chromatograph I was dissolved in Et0AG (300 mzlg)’ washed W'.th agld frg@H
(600 mL silica gel, 6 cm @, eluent: GEl,). The broad yellow band (X 150 ML), and dried (N&O,).* Concentration in vacuo
(Rf 0.8) was collected and evaporation of the solvent in vacuo a(F <30 °C) gave an orange SO“.d' which was recr.ystalllged from
fordedinitially 3 as an yellow oil. Leaving the product in vacuurnpm('?""rl'z'OI (85 mL) to 9'\/5 as thin orange needies; yield: 1.18 g
overnight afforded3 as an analytically pure yellow solid; yield: (85%); mp 139.5-140 °C.

10.7 g (97%); mp 104-105.5 °C. IH NMR (DMSO-d/TMS): § = 2.85 (t, 4 H, J = 6.7 Hz), 3.12 (t, 4

JH NMR (CDCLTMS): 6 = 1.00 (s, 18 H) , 427 (s, 4 H), HrJ=6.7H2),4.23(d, 4H,1=52Hz), 550 (t, 2H, J=5.2 H2).
7.34 (m, 12 H), 7.55 (m, 8 H). 3C NMR (DMSO4€/TMS): & = 18.22, 30.85, 56.62, 102.95,

15C NMR (CDCKTMS): 5 = 18.99, 26.45, 59.36, 128.00, 130.21 11°-25, 118.99,127.77, 131.72.
132.06, 135.49, 140.40, 213.18. MS(EI): miz (%) = 434 (M,1.1), 172 (21), 100 (27), 54 (100), 45

MS(EI): miz (%) = 670 (M, 9), 237 (75), 199 (45), 197 (55), 161 (43)-

(85), 135 (100). IR (KBr): v = 3435 (OH), 2923, 2254 cA(CN).
IR (KBr): v = 3071, 3050, 3015, 2958, 2931, 1727, 1428, 126@nal. C,,H,,N,0,S; (434.6): calcd C 38.69, H 3.25, N 6.45; found
1114, 1071 cnt. C 38.83, H 3.20, N 6.32.

Anal. C3;H,,0,S;Si, (671.1): caled C 66.22, H 6.31; found C65.85, CV (CH,Cl,, vs. Ag/AgCl): E;,=0.51V, 0.85V.
H 6.58.
2,3-Bis(2-cyanoethylthio)-6,7-bis(bromomethyl)tetr athiaful -

2,3-Bis(2-cyanoethylthio)-6,7-bis(tert-butyldiphenylsiloxymeth-
ytetrathiafulvalene (4)

Compound 3 (6.00 g, 8.94 mmol) and 4,5-bis(2-cyanoethylthio)-
1,3-dithiol-2-one® (7.20 g, 24.9 mmol) were suspended in distilled
P(OEt); (50 mL) under N, in a250 mL one-necked round-bottomed
flask equipped with a magnetic stirrer and a reflux condenser, and

valene (6)

Compound 5 (0.49 g, 1.13 mmol) was dissolved in anhyd THF
(15mL) in a 100 mL one-necked round-bottomed flask equipped
with amagnetic stirrer and a N, inlet. The orange solution was de-
gassed (N,, 5min) and cooled (0 °C) before CBy
(1.12 g, 3.38 mmol) was added. Thenz;®h0.89 g, 3.39 mmol)

the suspension was heated on an oil bath at 135 °C, causing disso- was added in one portion and the orange solution was stirred for 2 h
lution within 5 min, and leaving a red reaction mixture. Afterat O °C, during this time a white precipitate was formed. The sol-
10 min a orange precipitate of tetrakis(2-cyanoethylthio)tetrathirent was evaporated in vacuo at 25 °C and the orange oily residue
afulvalene was formed. The orange red suspension was stirred fovas redissolved in Cj€l,/(EtOAc/cyclohexane, 1:2) (10 mL, 7:3)

h, cooled to r.t. Addition of MeOH (50 mL) yielded an orange soland purified by column chromatography (200 mL silica gel,
id,?2 which was filtered and washed with MeOHx20 mL). The 4 cm @, eluent: EtOAc/cyclohexane, 1:2). The orange band (Rf 0.3)
combined filtrate was concentrated in vacuo and the resulting regs collected and concentrated (T <30 °C) to Gias analytical-

oil was purified by column chromatography (700 mL silica gelly pure orange needlé;yield: 0.49 g (77%). Recrystallization

6 cm @, eluent: CkCl/cyclohexane, 9:1). The broad red bandrom CH,Cl,/petroleum ether (bp 60-80 °C) gaves orange red

(Rf 0.4) was collected and concentrated to give cude a red oil plates; mp 106-106.5 °C (dec).

(3.699), which was redissolved in @H, (10mL) and 1 Ss = -

rechromatographed (500 mL silica gel, 6 cm @, eluent@fty- JHJ\;'\QF:_'S:ZCZI{F(?SXS) 2.75 (L 4H, J=71Hz), 3.09 (t 4H,
clohexane, 9:1). The broad red band was collected and the solvent ' '

evaporated to give a red semisolid, which was repeatedly dissoegMS: m/z (%) =

in CH,Cl, (3x 100 mL) and concentrated to give analytically pur&s61.8 (M + 4,69); calcé for C,,H,,8Br,N,S;, 561.8.

00 mL) anc ¢
fas a re? Semls'/s""d’)y'e'd' 3'37( g (41%). 559.8 (M + 2,93); calcé for C,H,™Br,BIN,S,, 559.8.
H NMR (CDCl/TMS): 8 = 1.00 (s, 18 H), 2.75 (t, 4 H, J = 7.1 Hz), , .

310 (4, 4 H. J=71Hz), 410 (s, 4 H), 7.35 (m, 12 H)>>7-8 (M, 38); caled® for C,iH,,"Br,N,S;, 557.8.
7.56 (m, 8 H). 400.0 (M — 2 Br, 100); calc# for C,H,N,S;, 399.9.
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IR (KBr): v =2954, 2927, 2251 (CN), 1636, 1590, 1417, 1205 cm™.

Anal. CH,,Br,N,S, (560.4): calcd C 30.00, H 2.16, Br 28.52, N
5.00, S 34.32; found C 30.16, H 2.15, Br 28.57, N 4.92, S 34.26.

CV (CH,Cl,, vs. A/AGCI): E,,=0.70V, 1.09 V.

2,3-Bis(2-cyanoethylthio)-6,7-bis(thiocyanatomethyl)tetr athia-
fulvalene (7)

Compound 6 (0.49 g, 0.87 mmol) wasdissolved in acetone (25 mL)
in a 250 mL one-necked round-bottomed flask equipped with a
magnetic stirrer and aN, inlet. KSCN (1.76 g, 18.1 mmol) was add-
ed in one portion to the orange solution. After stirring for 30 min at
r.t., the solvent was removed in vacuo. The orange solid residue was
dissolved in CH,CI, (250 mL), washed with H,O (4 x 150 mL) and
dried (MgSO,). Evaporation of the solvent gave 7 as an orange sol-
id; yield: 0.44 g (quant); mp 120-122 °C.

IH NMR (DMSO-dy/TMS): § = 2.89 (t, 4 H, J = 6.8 Hz), 3.16 (t,

4H,J=6.8Hz),4.46 (s, 4 H).

13C NMR (DMSOdy/TMS): § = 18.18, 30.47, 30.95, 107.45,

110.26, 112,54, 119.01, 128.02, 130.57.

PDMS: m/z (%) =

516.6 (M, 71); calcé® for C;gH,,N,S;, 516.8.

400.5 (M — 2 SCN, 100); caléfor C,,H,,N,S;, 400.6.
IR (KBr): v = 2928, 2250 (CN), 2153 (SCN), 1417dm

Anal. CigHp,N,S; (516.8): caled C 37.19, H 2.34, N 10.84; found C
37.56 H 2.38, N 10.45.

CV (CH,Cl,, vs. A/AQCI): E,,= 0.74V, 1.04 V.

2,3-Bis(2-cyanoethylthio)-6,7-bis(methylthiomethyl)tetr athia-
fulvalene (8a)

Method A: Compound 7 (0.29 g, 0.56 mmol) was dissolved in a
mixture of anhyd THF (20 mL) and anhyd EtOH (10 mL) in a
100 mL one-necked round-bottomed flask equipped with a magnet-

tracted with CHCI, (2 x 60 mL). The combined orange red extracts
were washed with }© (2x 75 mL) and dried (MgSg). The sol-

vent was evaporated in vacuo and the resulting orange solid purified
by column chromatography (150 mL silica gel, 3cm @, eluent:
CH,Cl,/cyclohexane, 9:1). The orange band (Rf 0.25) was collected
and concentrated to gia as a pure orange powder; yield: 0.097 g
(91%). Recrystallization from Cj&l,/petroleum ether (bp 60-80
°C) gave8a as fine orange needles. The analytical dat@aafb-
tained by both Methods A and B were identical.

IH NMR (CDCL/TMS): 8 = 2.15 (s, 6 H), 2.74 (t, 4 H, J = 7.2 Hz),
3.09 (t, 4H, J=7.2 Hz), 3.46 (s, 4 H).

13C NMR (CDCKTMS): 5 = 15.32, 18.77, 30.99, 31.16, 104.18,
115.62, 117.51, 128.15, 129.77.

MS(EI): m/z (%) = 494 (M, 48), 400 (45), 54 (83), 47 (58), 45
(100) .

IR (KBr): v = 2952, 2918, 2249 (CN), 1631, 1598, 1412cm

Anal. C;H1sN,S; (494.8): caled C 38.84, H 3.67, N 5.66, S 51.83;
found C 38.78, H 3.69, N 5.56, S51.77.

CV (CH.Cl,, vs. Ag/AgCl): E,,= 058V, 0.99V.

2,3-Bis(2-cyanoethylthio)-6,7-bis(benzylthiomethyl)tetr athia-
fulvalene (8b)

Compound 7 (0.19 g, 0.37 mmol) was dissolved in amixture of an-

hyd THF (10 mL) and anhyd EtOH (5 mL) in 2100 mL one-necked
round-bottomed flask equipped with a magnetic stirrer and aN, in-

let and cooled (0 °C) before benzyl bromide (0.10 mL, 0.14 g,
0.84 mmol) was added. Then powdered NgaBKD.056 g,
1.48 mmol) was added in one portion at 0 °C. The solution was al-
lowed to come to r.t. and stirred for 60 min. The mixture was then
poured into ice containing sat. ag MH solution (50 mL), and ex-
tracted with CHCI, (150 mL). The orange red extract was washed
with H,O (2% 100 mL) and dried (MgS§£). The solvent was evap-
orated in vacuo and the resulting orange solid purified by column
chromatography (150 mL silica gel, 3 cm @, eluent:,CH. The

ic stirrer and a N, inlet and cooled (0 °C) before Mel (1.0 ML, 5range band (Rf 0.25) was collected and concentrated t@lgiae

2.28 g, 16 mmol) was added. Then powdered NaBB#10 g,

an analytically pure orange powder; yield: 0.19 g (80%). Recrystal-

2.64 mmol) was added in one portion at 0 °C, causing gas evolutiqdation from CHCl,/petroleum ether (bp 60-80 °C) gdkeas fine
The mixture was stirred at 0 °C for further 10 min, causing the ik ange needles; mp 112.5-113 °C.

tially orange red reaction mixture to become orange. The solutlgn

was allowed to come to r.t. and stirred for 20 min followed by addif! NMR (CDCL/TMS): § = 2.75 (t, 4 H, J = 7.1 Hz), 3.09 (¢, 4 H,
tion of powdered NaBH (0.10g, 2.64 mmol) (gas evolution), 9 = 7-1H2z), 3.09 (s, 4 H), 3.70 (s, 4 H), 7.28 (m, 10 H).
whereupon the orange reaction mixture was stirred for 2 h atr.t. a&i¢ NMR (CDCL/TMS): & = 18.78, 28.18, 31.16, 36.13, 104.08,
then purged with Nfor 20 min (evaporating the excess of Mel).115.62, 117.50, 127.44, 128.15, 128.71, 128.95, 129.56, 137.02.
The mixture was then poured into ice containing aq sajCNsb- ) _

lution (70 mL), and extracted with GAI, (2 x 125 mL). The com- MS(EI): m/z (%) = 646 (M, 0.11), 91 (100).

bined orange red extracts were washed wifh 2x 125 mL) and IR (KBr): v = 3059, 3026, 2917, 2250 (CN), 1631, 1601, 1493,
dried (MgSQ). The solvent was evaporated in vacuo and the resu452, 1413 crit.

ing orange solid purified by column chromatography (200 mL silic@nal. C,gH,eN,S; (647.0): calcd C 51.98, H 4.05, N 4.33, S 39.64;
gel, 4cm @, eluent: Ci€l,/cyclohexane, 9:1). The orange bandroynd C 52.02, H 4.06, N 4.38, S 39.53.

(Rf 0.25) was collected and concentrated to §avas an analytical- o
ly pure orange powder; yield: 0.21 g (76%). Recrystallization frorft¥ (CHzClz, vs. AJ/AQCI): E,, = 0.55V, 0.94 V.

CH,Cl,/petroleum ether (bp 60-80 °C) geBeeas fine orange nee-
dles; mp 118-119 °C.
valene (8c)

Method B: Compoun@d (0.10 g, 0.22 mmol) was dissolved in acompound 7 (0.20 g. 0.39 mmol) was dissolved in amixture of an-
mixture of anhyd THF (10mL) and anhyd EtOH (5mL) in &, dTpHF(lo Enl_) and anhyd EtO)H (5mL) ina100 mL one-necked

_100 _mL one-necke_d round-bottomed flask equipped with a Magneli nd-bottomed flask equipped with a magnetic stirrer and aN,, in-

ic stirrer and a Minlet and cooled (0 °C) before Mel (0.4 ML, | and cooled (0 °C) before Etl (0.07 mL, 0.14 g, 0.88 mmol) was
0.91g, 6.4 mmol) was added. Then po!vdered N@B):DSS 9. added. Then powdered NaBK0.059 g, 1.56 mmol) was added in
0.87 mmol) was added in one portion at 0 °C, causing gas evolutigfye hortion at 0 °C. The solution was allowed to come to r.t. and

whereupon the reaction mixture was allowed to come to r.t. a@ﬂrred for 45 min. The mixture was then NONR -
. . " . poured into ice containing
stirred for 30 min followed by addition of powdered NaBH aq NHCI solution (50 mL), and extracted with GEi,

(0.033 g, 0.87 mmol) (gas evolution). The orange reaction mixtut%o mL). The orange red extract was washed withO H

was stirred for further 45 min at r.t. and then purged wiiHadx (3x 100 mL) and dried (MgSg. The solvent was evaporated in

20 min (evaporating the excess of Mel). The mixture was thepc o and the resulting orange solid purified by column chromatog-
poured into ice containing sat. aq N solution (50 mL), and ex-

2,3-Bis(2-cyanoethylthio)-6,7-bis(ethylthiomethyl)tetr athiaful-
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raphy (100 mL silica gel, 3 cm @, eluent: g3,). The orange band 'H NMR (CDCL/TMS): § = 2.14 (s, 6 H), 2.42 (s, 6 H), 3.45 (s, 4
(Rf 0.2) was collected and concentrated to was an analytically H).

pure orange powder; yield: 0.16 g (79%). Recrystallization fromy NMR (CDCLTMS): § = 15.22. 1 4 107.17. 111
CH,Cl,/petroleum ether (bp 60-80 °C) gaBe as fine orange ¢ (CDCYTMS): 8 = 1522, 19.03, 30.94, 107.17, 98,
127.51, 129.57.
needles; mp 103.5-104 °C. MS(EI): m/z (%) = 416 (100, k), 322 (92), 172 (29
IH NMR (CDCL/TMS): 5 = 1.29 (t, 6 H, J = 7.4 Hz), 2.59 (q, 4 H, M o(): M/2 (%) =416 (100, 19, 322 (92), 172 (29).
J=7.4Hz),2.74 (t, 4H, J= 7.0 Hz), 3.08 (t, 4 H, J = 7.0 Hz), 3.41R (KBr): v = 2952, 2918, 1630, 1599, 1421¢m
(s,4H). Anal. Cj,H,6S; (416.7): caled C 34.59, H 3.87, S 61.54; found C
3C NMR (CDCKTMS): § = 14.28, 18.76, 26.00, 28.87, 31.15,34.49, H 3.87, S61.58.
103.93, 115.80, 117.49, 128.12, 129.72. CV (CH,Cl,, vs. Ag/AgCl): E,, = 0.47 V, 0.88 V.
MS(EI): m/z (%) = 522 (M, 31), 400 (29), 172 (30), 87 (47), 76
(62), 54 (77), 45 (97), 32 (100). 2,3-Bis(methylthio)-6,7-bis(benzylthiomethy!)tetr athiaful-
- ene (9b)

ICFr\’Tr(fBr). v =2965, 2924, 2868, 2251 (CN), 1631, 1598, 1422, 13 ompound 8b (0.15 g, 0.23 mmol) was dissolved in anhyd DMF

’ (20 mL) in a 100 mL one-necked round-bottomed flask equipped
Anal. CigH,,N,S; (522.9): caled C 41.35, H 4.24, N 5.36, S49.05;  with amagnetic stirrer and purged with N, (20 min). A solution of

found C 41.34, H 4.13, N 5.27, S49.09. CsOH+H,0 (0.086 g, 0.51 mmol) in anhyd MeOH (5 mL) was add-
CV (CH,Cl,, vs. Ag/AGCI): E,, =054V, 0.95 V. ed over a period of 5 min. The mixture was stirred for 20 min., caus-
ing the initially orange solution to become redish brown. Mel
2,3-Bis(2-cyanoethylthio)-6,7-bis(2,3-dithiabutane-1,4-diyl)- (0.40mL, 0.91g, 6.4 mmol) was added in one portion, causing a
tetrathiafulvalene (8d) momentary colour change to orange. The mixture was stirred for

Compound 7 (0.24 g, 0.46 mmol) was dissolved in amixture of an- ,20 min and then purged V‘.'ithzlwo min). The SO'V?”t was rgmoved
hyd THF (10 mL) and anhyd EtOH (5 mL) ina100 mL one-necked 1N Vacuo and the resultlng orange residue dissolved |5(_:(;H
round-bottomed flask equipped with a magnetic stirrer and aN, in- (150 mL) and washgd with B (4x 100 mL). After drying

let. Powdered NaBH, (0.035 g, 0.092 mmol) was added in one por- (MgSQ,) and evaporation of the solvent, the resulting orange prod-
tion. The solution was stirred f(y)r 15 min whereupon addition of sat. uct was purified by column chromatography (150 mL silica gel,
a NH,Cl solution (50 mL) yielded an orange solid, which wasfil- ~ 3CM @, eluent: ChCl/cyclohexane, 1:.1). The orange band
tered and washed with H,0 (3 x 10 mL). The orange solid was (Rf 0.3) was collected and concentrated to §ves an orange oil;
dried in vacuo and purified by column chromatography (100mL  Yield: 0.10 g (78%).

silica gel, 3 cm @, eluent: CEl,). The orange band (Rf 0.3) was *H NMR (CDCL/TMS): § = 2.43 (s, 6 H), 3.08 (s, 4 H), 3.69 (s, 4
collected and concentrated to gi®e as analytically pure red or- H), 7.28 (m, 10 H).

angelneedlesr,]; ylell;:i: 0.13 g (061%) Rdecrysft_alllzatlon fI’OI’Tg(IZJ:ILI . 13C NMR (CDCL;/TMS) § = 19.08, 28.22, 36.07, 107.20, 112.16,
petroleum ether (bp 60-80 °C) ga@id as fine orange needles; 57 37 177,60, 128.67, 128.96, 129.44, 137.14.

mp 177-178 °C.
. 04) =
IH NMR (DMSO-d/TMS): 6 = 2.87 (t, 4H, J = 6.8 Hz), 3.15 (t, " o(ED: M2 (%) = 568 (M, 14), 354 (18), 322 (17), 91 (100).

4H,J=6.8Hz),3.72 (s, 4 H). IR (KBr): v = 3059, 3026, 2917, 1600, 1493, 1453, 1426'cm
13C NMR (DMSOdyTMS): & = 18.16, 29.75, 30.87, 105.92, Anal. CyjH,,Ss (568.9): caled C 50.67, H 4.25, S 45.08; found C
109.60, 118.97, 123.24, 127.89. 51.07, H 4.39, S44.59.

MS(EI): m/z (%) = 464 (5, M), 430 (9), 400 (13), 54 (100). CV (CH.Cl, vs. Ag/AQCI): E,,=0.44V,0.84 V.

IR (KBr): v = 2927, 2252 (CN), 1635, 1416, 1396 &m 23-Bis(methylthio)-6,7-bis(ethylthiomethyl)tetr athiafulvalene

Anal. C;H;,N,S; (464.7): caled C 36.18, H 2.60, N 6.03, S55.19;  (9c)

found C 36.23, H 2.48, N 5.99, S55.08. Compound 9b (0.11 g, 0.21 mmol) was dissolved in anhyd DMF

CV (CH,Cl,, vs. Ag/AQCI): E,,= 0.62V, 1.02 V. (20mL) in a 100 mL one-necked round-bottomed flask equipped
with amagnetic stirrer and purged with N, (20 min). A solution of

; ; : ; ; CsOH<HO (0.082 g, 0.49 mmol) in anhyd MeOH (5 mL) was add-
2,3-B hylthio)-6,7- hylth hyl hiaful-
vjenleS((gg yithio)-6,7-bis(methylthiomethyljtetrathiafu ed over a period of 5 min. The mixture was stirred for 20 min, caus-

Compound 8a (0.16 g, 0.32 mmol) was dissolved in anhyd DMF ing the initially orange solution to becqme redish. brown. Mel
(25mL) in a 100 mL one-necked round-bottomed flask equipped (0.40mL, 0.91g, 6.4 mmol) was added in one portion, causing a
with amagnetic stirrer and purged with N, (20 min.). A solution of momentary colour chanqe to orange. The mixture was stirred for
CsOH<HO (0.12 g, 0.71 mmol) in anhyd MeOH (5 mL) was adde&o min and then purged vylchI(\EO min). The solvgntwas rgmoved
over a period of 5 min. The mixture was stirred for 20 min, causirl acuo and the resulting orange residue dissolved isCGH

the initially orange solution to become redish brown. Mel (0.60 m 50mL) and Washe_d with @ (4x100 mL). After drying
cgk?gsog and evaporation of the solvent, the resulting orange prod-

1.37 g, 9.6 mmol) was added in one portion, causing a moment t was purified by column chromatography (100 mL silica gel
colour change to orange. The mixture was stirred for 20 min a '
g g cm @, eluent: CKCl/cyclohexane, 1:1). The orange band

then purged with N(20 min.). The solvent was removed in vacu R i d and 4
and the resulting orange residue dissolved ipGTH150 mL) and ( 0'5)_W"’.‘S C_O ected an %oncentrate to g?geas an orange
washed with KO (4x100 mL). After drying (MgSQ and evapora- powder; vyield: 0.072g (77%). Recrystallization from CHKCI
tion of the solvent, the resulting orange product was purified by cd1€OH gavedc as red needles; mp 103.5-104.5 °C.

umn chromatography (150 mL silica gel, 3 cm &, eluent;@#i H NMR (CDCL/TMS):§ =1.28 (t, 6 H, J= 7.4 Hz), 2.42 (s, 6 H),
cyclohexane, 1:1). The orange band (Rf 0.4) was collected and c@®58 (q, 4 H, J = 7.4 Hz), 3.48 (s, 4 H).

centrated to giv@a as an analytically pure yellow orange powder;lgc NMR (CDCL/TMS): § = 14.28. 19.05. 25.92. 28.88. 106.99
yield: 0.11 g (82%). Recrystallization from QEl,/petroleum ether ;15 53 12(7.56 5129_5)7'_ T e e R

(bp 60-80 °C) gavéa as yellow needles; mp 112-112.5 °C
MS(EI): m/z (%) = 444 (M, 100), 398 (37), 322 (95), 276 (39).
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IR (KBr): v = 2959, 2920, 2867, 1630, 1599, 1452, 1423, 1375
cm L

Anal. CyHy0S; (444.8): caled C 37.81, H 4.53, S 57.66; found C
37.60, H 4.42, S57.41.

CV (CH,Cl,, vs. A/AQCI): E,,= 044V, 0.85 V.

Crystallographic Data for Compound 9c

Ci14H0Ss, M = 444.8, Crystal size 0.30 x 0.16 x 0.10 mm, hexago-
nal,a=11.7402(2) Ab = 11.7402(2) Ac = 12.661(3) Au = 90°,
B=90°, y=120°, V=1511.3(5)A space group & Z=3,

coupling conditions, see:

Marshallsay, G. J; Bryce, M. R.; Cooke, G.; Jgrgensen, T.;
Becher, J.; Reynolds, C. D.; Wood,Tétrahedron 1993, 49,
6849.

Marshallsay, G. J, Hansen, T. K.; Moore, A. J.; Bryce, M. R;;
Becher, JSynthesis 1995, 926.

A tetrathiafulvalene bearing a secondary alcohol functionality
has been produced by a trialkyl phosphite coupling in
reasonable yield, see:

Ozturk, T.; Rice, C.R.; Walllis, J.0J. Mater Chem 1995, 5,
1553.

D, = 1.466 g cm—3F(000) = 696, Graphite monochromated MoK (14) 6,7-Bis(bromomethyl)-2,3-bis(methylthio)tetrathiafulvalene

radiation,A = 0.71073 A = 0.879 mm, T = 120 K. The intensi-

ties of 16224 reflections were measured on a Siemens SMART

CCD diffractometer to 0,,,,= 26.35°, and were merged to 2065
unique reflections (R = 0.026). Structure solution, refinement and
analysis of the structure, and production of crystallographic illustra-
tions were carried out using the programs SHELXS97,26
SHELXL97,27 PLATON28 and SHELXTL.29 The refinement us-
ing 103 parameters converged at R =0.0288 (fpr £(F0)).
Atomic coordinates and further crystallographic details have been
deposited with the Cambridge Crystallographic Data Centre, Uni-
versity Chemical Laboratory, Lensfield Road, Cambridge CB2

1EW, England. (15)
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