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Photoswitched and Functionalized Oligothiophenes : 
Synthesis and Photochemical and Electrochemical Properties 

Gerasimos M. Tsivgoulis and Jean-Marie Lehn* 

Abstract: The extended dithienylethene compounds 1-3 have been synthesized. They 
undergo photochromic and electrochemical changes by photoinduced interconversion 
between open and closed forms of type A and B. In addition, both forms of the N- 
methylated derivatives 1 b and 2b have absorption bands in which excitation results in 
very large differences in fluorescence between the two forms with very little effect on the 
opening/closing state, a feature of interest for optical memory data systems. The com- 
pounds 2 and 3 contain six and eight conjugated thiophene units in the closed forms, 
respectively, and thus represent oligothiophenes endowed with a photoactivated switch; 
they are of special interest in this respect in view of the potential use of switched 
oligothiophenes in molecular electronic devices. 

Introduction 

Switching units represent basic components of molecular and 
supramolecular devices, since they allow the modulation of the 
function of such devices by external physical or chemical trig- 
gers.[” Light-driven molecular switches”] have been the subject 
of a considerable amount of work, since they may be of interest 
for optical data memory systems.131 Numerous other uses have 
also been explored, such as photoresponsive macro cycle^,[^^ 
photoactivated enzymesI51 or switching of optical and electrical 
properties.I6I Diarylethenes, notably bisthien-3-yl systems of 
type A (Scheme l ) ,  have been shown to exhibit such desirable 
properties as thermal and chemical stability. as well as remark- 
able fatigue re~istance.‘~. ’] 

A (open form) B (closed form) 

Scheme 1. Open and closed forms of the perfluorocyclopentenehisthien-3-yl sys- 
tem. 

Conjugated oligomers provide insight into the more complex 
properties of the corresponding polymers. Investigations of the 
chemical stability and conductivity of modified or nonmodified 

oligothiophenes show that their properties have the potential 
for use as electronic materials as well as for the development of 
conducting polymers.181 Recently, oligothiophenes containing 
up to 16 thiophene units have been synthesized and studied.18-91 

An important line of research aimed at the eventual construc- 
tion of an advanced, multifunctional, high-density molecular 
electronic device is the attempt to build highly integrated inter- 
conversion modes into a single molecule.1101 The insertion into 
a polyenic path of a switching unit that interrupts or establishes 
electronic conjugation may be used to turn properties dependent 
on this conjugation “ON” or “OFF”. Some models have al- 
ready been described.I6* - ’ 31 Su ch systems possessing both 
photochromism and molecular wire type properties16. ’ - I 3 ]  

could achieve higher information storage density and multiple 
operations than molecules exhibiting each response individu- 
ally. 

11-131  ha ve described several 
switching devices based on the dithienylethene group, which 
undergoes the A/B photoinduced interconversion. They exhibit 
remarkable photochromism and can usually interconvert from 
one form to another in nearly quantitative yields (>98%). We 
describe in the present article the synthesis and some physico- 
chemical properties of the functionalized oligothiophenes 1-3 
incorporating a dithienylethene molecular switch unit. These 
systems represent a combination within the same entity of both 
the switching and the oligothiophene features and display a total 
conjugation corresponding to about eight connected thiophenes 
in the closed state B. 

Reports from our 

Results and Discussion 

Synthesis: Attempts to condense the precursor 4 a  with octa- 
fluorocyclopentene (C,F8) in hexane, THF, HMPT or their mix- 
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Irie et al.[14] failed because of solubility problems (hexane, 
THF) or side reactions (HMPT). These were overcome by re- 
placing the two methyl groups of the bisthien-3-yl system A by 
longer n-hexyl chains. The corresponding compound 4 b  was 
soluble enough (about 30 times more soluble than 4 a  in THF) 
to permit the reaction with BuLi; however, the product was not 
that expected from halogen -lithium interchange. At least one 
of the side reactions was hydrogen-lithium exchange of the 
condensed thiophene protons. This result can be explained : 
a) the pyridine group increases the acidity of the thiophene 
protons and b) the condensed thiophenes show higher reactivi- 
ty[151 than thiophene. 

Finally, the synthesis of the target compounds 1-3 was car- 
ried out by a new synthetic approach,[131 shown in Scheme 2. 
This approach is a variation of a procedure that was reported 
after completion of the present synthesis.['2] It is of general 
application and has certain advantages over the previous 

Firstly, the key compound 9 gives access to more com- 
plicated switch molecules with fewer steps and simultaneously 
allows the use of a well-known, usually high-yield reaction as 
final step, namely palladium-catalyzed carbon -carbon bond 
formation. This coupling reaction has already been applied with 
success in the synthesis of oligothiophenes.[161 Secondly, it is not 
necessary for the end groups that are to be attached to the 

l b  : X = CH3, counterion = CF3S03 

2b : X = CH3, counterion = CFjSOj 

F F  

Abstract in French: Lrs produits 1-3, derives du systeme 
dithienylethenr. ont PIP svnthetisks. Leurs propriktks pho- 
tochromiques et electrochimiques peuvent &re modifikes par inter- 
conversion sous lhction de la IumiPre entre une forme ouverte ( A )  
et une forme fermke ( B )  . De plus, les deux formes N-methylees 
I b et 2 b prhsentent des handes dhbsorption qui n'affecten t pra- 
tiquement pas le processus dbrrverture- fermeture. L hxcitation 
de ces bandes met en evidence une tres grande dvfbrence 
d'kmission de .fluorescence en tre les deux formes. proprit? t i  inter- 
essante pour les s.vstPmes de memoire optique. Les produits 2 et 3 
sous forme fermke contiennent respectivement si.x et h i t  thio- 
phPnes conjuguis et representen t ainsi des oligothiophenes asso- 
ciis a un interruptertr photoactivable. De tels oligothiophPnes 
commutables sont Ires protnetteurs en vue de I'daboration de 
systimes molhculaires Plectroniques. 

central "switch" unit to be inert against carbanions or to bear the 
unstable boronic acid group (as in the case of refs. [12] and [14]); 
they need only to bear a halogen at the position of connection. 

Another problem was the instability of some of the intermedi- 
ate boronic acids. It is known that some boronic acids show a 
tendency to lose boron["* or to form anhydrides['*] on isola- 
tion; dithieno[3,2-b: 2',3'-d]thiophene-2-boronic acid 13 could 
thus only be isolated as a wet solid. Also, the bisboronic acid 9 
could only be used in solution; any attempt to isolate it led to 
loss of the boronic acid group. 

Physical properties: Although unsubstituted oligothiophenes 
generally have very low s~lubili ty,[~'~ I s *  compounds 1 a-3a 
were soluble in many common organic solvents such as CHCI,, 
CH,CI,, acetone, THF, higher alcohols and even, to some ex- 
tent, in hexane. The solubility decreases in the order 
2 a >  1 a 9 3 a .  On the other hand, compounds 1 b and 2 b, carry- 
ing two positive charges, were insoluble in solvents of low or 
medium polarity like hexane, CHCI,, CHJI, and acetone, but 
moderately soluble in high polarity solvents like CH,CN, DM- 
SO, DMF and MeOH. Water was not a good solvent since a 
long hydrophobic group is present in the molecule. The counter- 
ion also plays an important role in solubility, iodides being less 
soluble than triflates. 

In the 'H NMR (200 MHz) spectrum the signals of the two 
methylene groups of the hexyl chains next to the diarylethene 
system appeared as one triplet at 6 s 2 . 3  in the open forms and 
as two double triplets at 6 = 2.44 and 2.91 (ABX, system) in the 
closed forms (Fig. 1).  This reflects the significant structural 
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changes that take place between the two forms. Re- 
garding the rest of the molecule, considerable differ- 
ences were also observed related to the changes in the 
conjugation between the two forms (Figs. 1 and 2). 

X 

I .  , 
X 

Le 

12 : X,Y = H 

‘613 : X = H. Y = B(O& 

I 
X = H, Y = Py 

I 9  : X =  Br, Y = Py 1 6 : X =  Br, Y = Py 

R = 6H13 

I 0  : X = H  
f 

: X = E(0Hh I I I I 1 , I I I  

1 0 9 8 7 6  

1 0 9 8 7 6  

Fig. 2. Part of the aromatic region of the 200 MHz ‘H NMR spectra 
([DJDMSO, 25°C) of the open (top) and closed (bottom) forms of 
compound 1 b. 9 +15&la “lb 

9 + l S m - 2 a ” - Z b  

11+ ism-3a Photochromic properties: The replacement of the two 
methyl groups in the bisthien-3-yl system A by the 
longer n-hexyl chains not only improved the solubil- - - -  

Scheme 2. Pathways for the synthesis ofcompounds la -b .  2.-b. 3a. Reagents and conditions: 
a) BrL (CHCIJAcOH): b) 1 .  BuLi (Et,O); 2. MeOH; c) 1 .  BuLi (pentane/THF); 2. C,F,; 
d) I .  BuLilrMEDA (Et,O); 2. B(nOBu),; e) 2-bromothiophene/Pd(PPh3). (THF/aq. Na,CO,); 
f) 1. BuLipMEDA (Et,O); 2. E ( v ~ B u ) , ;  g) 1 .  B ~ L ~  (Et,o); 2. B(&BU),; h) 4-bromo- 

i ty  greatly but also enhanced the switching proper- 
ties. In particular, i) the absorption maxima were 
shifted to longer wavelengths (24-30 nm red shift for 

pyridine: HCI/Pd(PPh,), (THFjaq. Na,CO,); i) NBS (CHCIJAcOH); j) I .  BuLi (Et,O); 
2. B(nOBu),; k) 4-bromopyridine:HCl/Pd(PPh3), (THF/aq. Na,CO,); 1) NBS (CHCl,/AcOH); 
m) Pd(PPh,), (THFjaq. Na,CO,); n) CF,SO,CH, (CHLCI,). 

the closed form), ii) the separation between the 
peaks of own  and closed forms was 
Also, the photostationary state for all compounds 
tested was not affected by this replacement. 

Tables 1 and 2 list the most important absorption bands of the 
UV/vis spectra of the open and closed forms of compounds 

Table I .  UV/vis electronic absorption A,, values (nm) of compounds 1 a, 2a  and 3s 
in benzene. Concentration of solution zl x W ’ M .  

Open forms 
l a  2 a  3 a  

Closed forms 
l a  2 a  3n 

L 395 398 420 426 417 440 
701 692 701 

10 9 8 7 6 5 4 3 2 1 0  

10 9 8 7 6 5 4 3 2 1 0  

S = solvent 
= H20 

Fig. I .  200 MHz ‘HNMR spectra (CDCI,. 25°C) of the open (top) and closed 
(bottom) forms of compound 1 a. 

Table 2. UV/vis electronic absorption A,,, (nm) and E ( ~ - ‘ c m - ’ .  in parenthesis) 
values of the open and closed forms of compounds 1 band 2 bin methanol. Conccn- 
tration of solution z 1 x 10- ’ M. 

Open forms Closed forms . 
l b  2b l b  2b 

261 (25400) 261 (32700) 
329 (21700) 333 (2l500) 
459 (92800) 451 (80500) 

246 (23250) 253 (23000) 
454 (78900) 440 (67600) 

698 (37500) 704 (41 OOO) 

1 a-3a and 1 b-2 b respectively; the complete UV/vis spectra of 
the compounds 2 a  and 2 b  are shown in Figures 3-4. 

The photochromic properties of compounds 2 a  and 3 a  were 
similar to 1 a and those of 2 b  were similar to 1 b.[13] Notably, in 
the case of compounds la-3a UV light was not necessary to 
obtain the closed forms: photoswitching between the two forms, 
open (A) and closed (B), could be achieved by irradiation with 
two different wavelengths of the visible region. In particular, the 
open forms could be generated by irradiation of the closed 
forms at a wavelength > 600 nmrZ ‘I while subsequent irradia- 
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398 nm 

Open tom 1 
I 1  
I I  

0.4 I I  
I I  

200 300 400 500 800 700 800 9 o o l o o o  
A /  nm 

Fig. 3. UV/vis electronic absorption spectrum of the open and closed forms of 
compound 2a in benzene solution. 

451 nm 

0.5 1 Open form I 
0.4 

1 0.3 
w 
2 0.2 

0.1 

0 
200 300 400 500 600 700 800 900 loo0 

LI nm 

Fig. 4. UV/vis electronic absorption spectrum of the open and closed forms of  
compound 2b in methanol solution. 

tion of the open forms at a wavelength <450-500 nm returned 
the compounds quantitatively (according to 'H NMR at 
200 MHz) to the closed forms. 

On the other hand, the methylated compounds 1 b and 2b 
displayed remarkably different behaviour. Methylation affected 
mainly the absorption bands of the open forms. causing a 50- 
65 nm red shift of A,,,. while the A,,, of the closed forms were 
red-shifted only 4-6 nm (Tables 1 and 2). When the closed 
forms were irradiated at A>600 nmIZ'l they opened quantita- 
tively, but even prolonged irradiation of the intense absorption 
bands of the open forms (A,,, = 459 nm, c = 9 2 8 0 0 ~ -  ' cm-' 
for lbandI , , ,=451 nm,&=80500~-'cm-'for2b)at400- 
500 nmIZZl did not result in the closed forms. Conversion to the 
closed forms (in ~ 9 2 %  yield in both cases) could only be 
achieved by irradiation of the relatively small absorption bands 
at I,,, = 329 nm and 333 nm for 1 b and 2 b respectively. To 
confirm that these correspond to photostationary states, solu- 
tions of the closed forms of 1 b and 2 b were irradiated at 365 nm 
and 31 2 nm respectively, resulting in a maximum conversion to 
the open forms of around 8 YO. 

Compounds 1 a-3a exist in the closed form in the daylight 
while 1 b-2b are in the open form. The A,,, of the absorption 
bands of the closed forms of compounds 1 a-3a and 1 b-2 b are 
in the range of 690-705 nm; this is important from the view- 
point of practical applications, since photochromic compounds 
should be sensitive in the range between 650-830 nm.I3I 

Comparison between the rates of conversion to the closed 
forms for 1 b and 2b by means of three commercial UV 
lamps1z31 at 254 nm, 312 nm and 365 nm demonstrated that 

irradiation at 365 nm and 312 nm always gives significantly 
faster closing than irradiation at 254 nm. This shows that the 
absorption bands at A,,, = 329 nm and 333 nm for 1 b and 2b, 
respectively, are the most (if not the only) active bands for 
conversion to the closed forms. In general, 1 b appeared to un- 
dergo somewhat faster opening-closing interconversions than 
2b, irradiated under similar conditions, at 312 nm, 365 nm, 
400-500 nml**l or >600 nml"l (Table 3). while for the non- 
methylated compounds l a -3a  the order is 1 a>2a>3a. 

Table 3. Interconversion between the open and closed forms. Proportion of final 
form (%) after 30 min of irradiation in MeOH. 

Irradiation Open +Closed Closed -.Open 
wavelength I b  2b I b  2b 
~~~~~~~~~~~~ 

312 nm UV [a] 91.5 91 lbl 7 

400-500 nm [a] <0.5 0 5 3 
>610 nm [a] 0 0 98 95 [cl 
459 nm (2.5 [d.e]) <0.5 2 - 
459 nm ( I  .O [d,e]) - - t0.5 - 
451 nm (2.5 [d,e]) - 0 - 1.6 

- 

365 nm UV [a] 92 85 7-8 - 

[a] Concentration of solution z 1 x ~ O - ' M .  [b] At r = 35 min. conversion = 92- 
93%. [c] At I = 40min. conversion >98%.  [d] Irradiation width in nm. 
[el Concentration of solution z1 x ~ O - " M .  

The closed forms B of 1 b and 2 b also present strong absorp- 
tion bands in the 400-500 nm domain. As in the case of the 
open forms these bands gave little conversion, so that after 
30 min of irradiation at 400-500 nm1221 only 3-5 % opening is 
observed (Table 3). Such absorption bands that affect the state 
of conversion only little or not at all are of great interest in 
optical data memory systems.". 13] Quantum yield measure- 
ments on opening and closing reactions are necessary for de- 
scribing the present processes more quantitatively. 

Fluorescence properties: The open and closed forms of com- 
pound 1 b were found to display a very large change in fluores- 
cence when excited at 400-500 nm.1t31 In particular, when the 
absorption bands of both forms were excited at about 455 nm. 
only the open form was strongly fluorescent, while the closed 
form emitted very weakly. The same behaviour is shown by 
compound 2b (Fig. 5). The luminescence I.,,, of the open and 
closed forms of 2 b are at 61 1 nm and 604 nm, respectively, while 
for 1 b they are at 589 nm and 586 nm. The non-methylated 
compounds seem to behave in a similar way, since at least in case 

Open,form 

500 550 600 850 700 750 
A /  nm 

Fig. 5. Fluorescence spectra of the open and closed forms of compound 2b in 
methanol solution (excitation at 451 nm). 
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of compound l a  a large change in fluorescence was observed 
between open and closed f0 rms .1~~~  This fluorescence difference 
between the two forms by excitation of the inactive absorption 
bands (with respect to the opening-closing photoreactions) 
around 450 nm (Table 3) presents much potential for the sensi- 
tive nonde~tructive[~~ 3* 251 “reading” of optically stored data. 

With respect to photostability, compounds 1 a-2a and 1 b- 
2 b showed no signs of decomposition when exposed to daylight 
or oxygen for 2-3 days, but an inert atmosphere (N2) was al- 
ways used during irradiation experiments. After 10 opening- 
closing photocycles no significant change was found in the UV 
spectra.1261 The open and closed forms were thermally stable at 
room temperature for periods of more than 10 days. 

Electrochemical properties: Compounds 1 b and 2b present the 
features of molecular wires, namely an extended conjugated 
polyenic chain for electron conduction (closed forms), fitted 
with terminal electroactive pyridinium groups for reversible 
electron exchange. It has already been demonstrated that a 
caroviologen composed of nine double bonds separating two 
pyridinium units facilitated electron transport across a phos- 
pholipid vesicle membrane.1271 

We performed cyclic voltammetry experiments in DMSO 
(0.1 M Bu,N+PPh;) in order to study the electrochemical p r o p  
erties of these compounds. Both 1 b and 2 b gave similar voltam- 
mograms, which were different from those of the molecule 
20 b)6bl in which the two pyridinium units are directly connected 

to the diarylethene 
unit.[61 The results 
are summarized in 
Table4 and the 
voltammograms of 
the open and closed 
form of l b  and the 
closed form of l a  are 
shown in Figures6 
and 7, respectively. 

X’ AkX 
Zoa :X=lonepair, 
a : X = CH3, counterion = CF3sO3- 

Table 4. Cyclic voltammetry data: redox potentials (vs SCE) for compounds 1 b. 
2b. l a ,  #)a and 2Ob in DMSO (0.1 M nBu,NtPPh;). 

Compound Form E.. I E,, I Ed2 

- -1.78(b] 

- -1.01 b] - 1.47 @] 
closed - - 0.27 -1.41 [b] 

- -0.98 - 1.43 [b] 
closed 0.79 [cl -0.68 b] -0.83 [b] 

- -1.01 - 1.43 [b] 
closed 1.03 [c] -0.68 [b] -0.81 [b] 

I a la1 closed 0.78 -0.99 [b] - 1.34 [b] 

[a] In CH2CI, (0.1 M nBu,NfC1O;). [b] Irreversible. [c] Quasireversible. 

20. tal open 

2Ob open 

I b  open 

2b Ope” 

~ 

closed 1.13 b] -0.90 [b] - 1.25 [b] 

Whereas the open form of compound 20 b was reduced irre- 
versibly at - 1.01 V, those of 1 b and 2b were reduced reversibly 
at -0.98 and - 1.01 V, respectively, probably owing to the sta- 
bilizing effect of the additional thiophene units on the radical 
formed. For the closed form of 20 b a reversible reduction wave 
at -0.27 V was observed,’61 whereas compounds 1 b and 2b 
(closed forms) were irreversibly reduced at a potential 
around -0.68 V. The more negative value can be attributed to 
the donor properties of the additional thiophene groups. A pos- 
sible explanation for the irreversibility is that in the closed forms 
the pertluorodithienylethene is reduced first and irreversibly, 

-1.2 -1 .o -0.8 -0.6 -0.4 -0.2 0 

E /V(vsSCE)  

A 

-2.0 -1.8 -1.6 -1.4 -1.2 -1.0 -0.8 4.6 -0.4 -0.2 0 

E /V (vsSCE)  

Fig. 6. Cyclic voltammograms for the reduction of the closed (top) and the open 
form (bottom) of compound 1 b; scanning rate = 1 0 0  mVs-I. 

I . . . . . . . . . . .  
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 

E IV(vsSCE)  

Fig. 7. Cyclic voltammogram for the oxidation of the closed form ofcompound 1 a; 
scanning rate =100mVs-’. 

although it is apparently stable at even more negative potentials 
in the corresponding open forms. Replacement of the condensed 
thiophene rings in the closed form of compound 1 b by linearly 
connected ones in compound 2b did not improve the electro- 
chemical behaviour. This is also consistent with the irreversible 
reduction of theclosed form ofcompound 20a[6blat -0.90 V in 
CH,Cl, and at -0.78 V in MeCN. Finally, the closed form of 
the non-methylated compound 1 a could be reversibly oxidized 
at 0.78 V.1241 
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Conclusion 

The large differences between the voltammograms of the open 
and closed forms represent the different level of conjugation. 
Similar observations have been made in previous work.16. 1* 'I 
Such changes represent photocontrol of electrochemical proper- 
ties in the fashion of a photoswitched molecular wire. They are 
of special significance in the case of the elongated compounds 2 
and 3, whose closed forms correspond respectively to about six 
and eight conjugated thiophene units, in view of the interest in 
oligothiophenes as materials for molecular electronic devices. 

Experimental Procedure 
General: nBuLi ( 1 0 ~ .  1 . 6 ~ )  hexane solutions, 3-bromothiophene 97%. sodium 
sulfinate 98%, Cbromopyridine hydrochloride salt. tributyl borate 99%. 2.2' 
bisthiophene 97 YO and methyl trifluoromethane sulfonate (Aldrich), 2-n-hexylthio- 
phene 98 %. 2-bromothiophene and 2-methylthiophene (Lancaster), sulfur dichlo- 
ride (Fluka) and octafluorocyclopentene (PCR) were used as obtained. 

UV/vis spectra were recorded on a Beckman DU-640 spectrophotometer with spec- 
trograde solvents. 'H NMR spectra were determined with a Bruker AM 200SY 
spectrometer at 200.13 MHz. The chemical shifts are given with respect to the 
CDCI,. [DJDMSO. CD,OD. CDJOCD, or CD,CN signals assigned values of 
6 =7.26, 2.49, 3.30. 2.05 and 2.00. respectively. Microanalyses (for C. H and N) 
were performed by the Centre Nationale de le Recherche Scientifique a Vernaison. 
Mass spectra were supplied by the Centre Nationale de le Recherche Scientifique a 
Vernaison as well as the Universite de Paris VI Centre de Spectrophotomitrie. 

Cyclic voltammetry was performed by means of a standard three-electrode config- 
uration employing a glassy carbon working electrode (3 mm diameter disk) and a 
platinum-wire counterelectrode. the reference electrode being a saturated calomel 
electrode (SCE). A Princeton 362 scanning potentiostat was used and the results 
were recorded on an lfalec 1 F-3802 recorder. All experiments were performed under 
nitrogen at 20 'C with solvents previously saturated with nitrogen. The surface of 
the working electrode was polished before each measurement. The electrolytes used 
were nBu,NPPh, for experiments carried out in DMSO and nBu,NCIO, for exper- 
iments carried out in CH,CI,. Solutions of 3 or 5 mL containing compounds 1 or 
2 at lO-'M concentration and 0.1 M in electrolyte were employed. 

All reactions involving organolithium reagents were carried out under dry. oxy- 
gen-free nitrogen. and reagents and solvents were dried by standard procedures. 
Reagents were transferred with syringes through a rubber septum fitted to the 
reaction vessel. In some cases reactions with BuLi were performed in the presence 
of indicator. Particularly in the case of small-scale experiments or with compounds 
of low solubility. 1.10-phenanthroline was added prior to the solvent ( %  1 mg per 
IOmLforEl,Oand THF) then followed byaddition of 1 .6~nBuLi  untilapink-red 
colour was formed. The persistence of a constant pink-red colour for about a minute 
was taken as an indication that there were no more traces of water or compounds 
that can react with nBuLi in the system. 1 ,lo-phenanthroline and 2.2'-biquinoline 
have already been used as indicators in titrations of metal alkyls [28]. It must be 
emphasized that even when no more nBuLi-sensitive compounds exist the pink 
colour turns yellow after a few minutes (at room temperature), since alkyllithium 
compounds react slowly af room temperature with THF or even Et,O 1291. 

Ditbieno~3,2-b:2',3'djthiophene (12): This compound was synthesized according to 
the literature method [30] from commercially available  OM nBuLi solution in hex- 
ane instead of ethereal solution. The intermediate bis(phenylsulfony1) sulfide was 
prepared in CHICI, as solvent instead of benzene. It was found that in CH,CI, the 
reaction proceeded faster and gave better yields. 

DiLieno~3,2-b:2',3'dlthiophene-2-boronie acid (13): Under nitrogen, n-butyllithium 
(1.05 mmol. 0.66 mL of 1.58 M solution in hexane) was added dropwise over 35 min 
to dithieno[3,2-b:2'.3'-djthiophene (0.196 g. 1 mmol) dissolved in freshly distilled 
(over LiAIH,) Et,O (12 mL). The yellow-orange suspension was stirred for an 
additional 1 h and then cooled in an acetone/dry-ice bath (-78°C). B(nOBu), 
(0.38 mL. 1.41 mmol) was added in one portion and the stirring at -78°C contin- 
ued for 3 h while the suspension turned clear orange. Then the solution was allowed 
to reach room temperature slowly and stirring was continued overnight. To the 
gray-black solution was added HCI (2.0 mL. 1 N). A light green-gray solid formed, 
which dissolved on stirring. The two phases were separated and the aqueous phase 
was extracted again with Et,O (12 mL). The combined Et,O phases were extracted 
with aqueous NaOH (3 x 12 mL. 1 pi) while some product separated as a solid 
suspended in the aqueous phase. The combined aqueous phases were healed to 
360 "C (to dissolve the solid product) and filtered (G4) to remove coloured impu- 
rities. Addition of concentrated HCI up to pH = 1-2 and cooling to 0 "C gives a 
dirty white susDension. Filtration ('34) of the solid gives wet product 13[31] (> 75 % 

yield based on the dry material). 'H NMR (200 MHz, [DJDMSO): 6 = 8.44 (s, 
2H; HO). 7.93 (s, 1 H; 3-CH). 7.72 (d, 'J(H6,HS) = 5.2 Hz. 1 H; 6-CH). 7.52 (d. 
'J(H 5.H6) = 5.2 Hz. 1 H; 5-CH). 

Dithieool3,2-b:2',3'dJthio~~2~yndi~'-yl) (14): The wet dithienop.2-b: 7.3'- 
dlthiophene-2-boronic acid (13) of the previous reaction was dissolved in THF 
(14mL). A clear. dark brown solution was formed, and Cbromopyridine hy- 
drochloride (0.270 g. 1.41 mmol), Pd(PPh,), (0.067 g, 0.06 mmol) and aqueous 
Na,CO, (14 mL, 1.9 M) were added. The two-phase system was refluxed for 22 h. 
After cooling to room temperature and addition of CHCI, (37 mL) the phases were 
separated and the aqueous phase was extracted with CHCI, (2 x 18 mL). The com- 
bined organic phases were dried (Na,SO,), filtered (paper) and concentrated to 
about 3 mL. Chromatography through silica with CH,CI,/MeOH (80:2 P.v.) 
gives 0.139g (60%) of product. 'HNMR (200MHz. CDCI,): 6 =  8.63 (A of 
AABB, J(app) = 6.2 Hz, 2H; 2',6'-CH), 7.52 (B of AA'BB, J(app) = 6.2 Hz, 

7.32 (d, 'J(H6.HS) = 5.3 Hz, 1 H; 6H); MS (CI, NH,): m/z (%): 273 (100) 
[M i l ;  C,,H,NS, (273.4): calcd C 57.12, H 2.58. N 5.12; found C 57.42, H 2.82, 
N 4.72. 

2'-Bromodithieno(3,2-b:2',3'dlthiopheoe-6-(pyridd'-yl) (IS): Dithienol3.2-b: 2',3'- 
d]thiophene-2-(pyridin-4'-yl) (14) (0.227 g, 0.831 mmol) was dissolved in CHCI,/ 
AcOH (30 mL, 1 : 1 P.v.). The opalescent yellow-orange solution was cooled to 0 "C 
and a clear colourless solution of NBS (0.148 g, 0.831 mmol in 13 mL CHCI,/ 
AcOH, 1 : 1 P.v.) was added dropwise over 35 min, during which a yellow solid 
appeared. Stirring was continued for 2 h at 0°C and then for an additional 1.5 h at 
room temperature. The yellow suspension was evaporated (12 mmHg/60"C) and 
then CH,CI, (20mL). H,O (15 mL) and aqueous Na,CO, (1.9 M) were added to 
achieve a pH>8. Evaporation of the CH,CI, gave a yellow solid suspended in 
the aqueous phase. Filtration (G4) and washing with H,O and then Et,O 
gave 0.235 g (80%) of product. 'H NMR (200 MHz. CDCI,): 6 = 8.63 (A of 
AABB', J(app) = 6.2 Hz. 2H; 2'.6'-CH). 7.49 (B of AA'BB. J(app) = 6.2 Hz. 
2H; 3'.S'-CH), 7.71 (s, 1H; 3-CH). 7.32 (s, 1H; 5-CH); MS (CI, NH,): m/z (%): 
351/353 (87/100) [ M ' ] ,  352/354 (52/55) [MH']. 273 (50) [M' - Br]. 274 (33) 
[MH' - Br]; C,,H,NS,Br(352.3): calcd C 44.32, H 1.72. N 3.98; found C 44.00, 
H 1.71. N 3.81. 

2H; 3'5'-CH), 7.72 (s, 1H;  3-CH). 7.45 (d. 'J(H5.H6) = 5.3 Hz, 1H;  5-CH), 

A second batch of product can be isolated from the filtrate as follows. The organic 
phase from the filtrate was evaporated on a rotary evaporator and the remaining 
aqueous phase was extracted with CH,CI,. Separation and evaporation of the 
CH,CI, phase gave a yellow solid that, on treatment with H,O/Et,O (1 :1 P.v.) and 
filtration (G4). gave another 0.03 g (10%) of product. 

2,Z'-Bstbiophene-Sborooie acid (17): 2.2-Bisthiophene (16) (3.783 g, 22.7 mmol) 
was dissolved in freshly distilled (over LiAlH,) Et,O (80 mL). n-Butyllithium 
(22.7 mmol, 14.5 mL of 1 . 6 0 ~  solution in hexane) was added under nitrogen, drop- 
wise. over 35 min. The orange-brown suspension was  stirred for an additional 1 h 
and then cooled in an acetone/dry-ice bath (-78 'C). B(nOBu), (8.63 mL, 
31.2 mmol) was added in one portion and the stirring at - 78 "C continued for 3 h 
while the suspension turned to a viscous clear orange solution. The cooling bath was 
removed and stirring was continued overnight. To the gray-black solution HCI 
(25 mL. 1 N) and Et,O (160 mL) were added. The two phases were separated and the 
Et,O phase was extracted with NaOH (3 x 160 mL. 1 N). Addition of concentrated 
HCI to attain pH = 1 - 2 and cooling to 0 "C gave a gray-white precipitate. Filtration 
(G 4) of the solid gave the wet product 17 as a light green solid ( > 70% yield based 
onthedrymaterial). 'HNMR(200 MHz,CD,COCD,):6 =7.41 (~,2H;OH).7.29 
(m. 2H: 3.3'-CH). 7.59 (d, 'J(H4.H3')= 3.6Hz. I H ;  4-CH). 7.06 (dd, 
'J(H4.H3') = 3.6 Hz. 'J(H4,HS) = 5.2 Hz. 1 H; 4-CH), 7.42 (dd. 'J(H 5'.H4) 
= 5.2 Hz. *J(H 5'.H3') =1.1 Hz. 1 H;  5'-CH). 

23'-Bisthiophew-~yridin-4'-yl) (18) : The wet 2.2'-bisthiophene-S-boronic acid 
(17) of the previous reaction ( 2 2 3  mmol) was dissolved in THF (350 mL). A clear 
blue-green solution was obtained and 4-bromopyridine hydrochloride (5.4 g. 
27.7 mmol). Pd(PPh,), (0.375 g. 0.325 mmol), aqueous Na,CO, (135 mL, 1.9 M) 
and ethylene glycol (1.2 mL) were added. The two-phase system was refluxed in the 
dark for 12 h. The organic phase was evaporated on the rotary evaporator and then 
CH,CI, (370 mL) and H,O (100 mL) were added. The phases were separated and 
the aqueous phase was extracted with CH,CI, (2 x 120 mL). Thecombined organic 
phases were dried (Na,SO,). filtered (paper) and concentrated to about 15 mL. 
Chromatography through silica with CH,CI,/AcOEt(2: 1 P.v.) gave 3.563 g (64%) 
of product. 'H NMR (200 MHz. CDCI,): 6 = 8.59 (A ofAABB, J(app) = 6.2 Hz, 
2H; 2,6"-CH). 7.46 (B of AA'BB. J(app) = 6.2 Hz, 2H; 3",5-CH). 7.43 (d, 
'J(H4,H3) = 4.0 Hz, 1 H;  4-CH), 7.19 (d, 'J(H3.H4) = 4.0 Hz, 1 H; 3-CH). 7.23- 
7.29 (m. 2H;  3'3-CH). 7.06 (dd, 'J(H4'.H3') = 3.7Hz. 3J(H4,H5') = 5.0Hz. 

(243.3): calcd C 64.17, H 3.73. N 5.76; found C 64.01. H 3.97, N 5.57. 
1 H;4'-CH); MS(C1. NH,):nl/z(%): 244(100)[MH'l. 243(72)[M'];C,,H9NSz 

S'-Bromo-2,2'-bstbiopbeae-5-@yridib4'-yI) (19): 2,2-Bisthiophene-5-(pyridin-4'- 
yl), (18, 1.113 g. 4.57 mmol) was dissolved in CHCIJAcOH (75 mL 1:l P.v.). The 
clear orange solution was cooled to 0 "C. A solution of NBS (0.855 g, 4.8 mmol in 
55 mL CHCIJAcOH 1 : 1 P.v.) was added dropwise over 35 min. Stirring at 0°C was 
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continued for 2 h and then for an additional 1.5 ha t  room temperature, followed by 
evaporation of the yellow, opalescent and strongly fluorescent s.olution (12 mmHg/ 
6O0C).CH,CI,(300mL). H,O(lSOmL)andaqueousNa,C0,(1.9  weread added 
to achieve pH>8. Evaporation of the CH,CI, phase gave a yellow solid suspended 
in the aqueous phase. Filtration ((34) and washing with H,O then Et,O/hexane (1 : 1 
P.v.) yielded 1.298 g (88%) of pure product. 'H NMR (200 MHz, CDCI,): 6 = 8.59 
(A of AABB, J(app) = 6.2 Hz. 2H; 2",6"-CH), 7.44 (B of AABB, 
J(app) = 6.2 Hz, 2H; 3",5"-CH). 7.41 (d. 3J(H4,H 3) = 3.9 Hz, 1 H; 
4-CH). 7.13 (d. 'J(H3.H4) = 3.9Hz. 1 H; 3-CH), 7.00 (two doublets, 
'J(H3',H4') = 3.9 Hz, 2H; 3'4'-CH); MS (CI, NH,): m/z (%): 3211323 (83/100) 
[M+). 3221324 (91/96) [MH']. 2411243 (4117) [M' - Br]. 2421244 (14/16) 
[MH' - Br]; C,,H8NS,Br (322.2): calcd C 48.46, H 2.50, N 4.35; found C 48.49, 
H 2.49. N 4.24. 

2-n-Hexyl-3Jdibromotbiopbew (6): 2-n-Hexylthiophene (5.10.0 g. 59.5 mmol) was 
dissolved in CHCI,/AcOH (42 mL, 1 : 1 P.v.). The light orange solution was cooled 
at 0°C and a solution of Br, (7.7 mL, 148.75 mmol, in 20 mL CHCI,/AcOH 1 : 1 
P.v.) was added dropwise over 5 h. Stirring was continued at 0°C for 2 h and then 
overnight at room temperature. CHCI, (20 mL) and H,O (70 mL) were added to the 
dark brown solution. The phases were separated and the aqueous phase was extract- 
ed with CHCI, (2x25mL).  The combined CHC1, phases were washed with 
aqueous Na,CO, until the pH was > 9  and then dried (MgSO,). Filtration (paper) 
and removal of the solvent gave a red oil which was chromatographed through silica 
with hexane as eluent. Clear colourless oil, 10.65 g ( 5 5 % ) .  'H NMR (200 MHz. 
CDCI,): 6 = 6.86 (s. 1 H;  3-CH). 0.90 (t. 'J(Ha,HB) = 6.4 Hz. 3H; a-CH,), 1.33 
(m.6H;B,y.6-CH2). 1.62(m,2H:e-CH,),2.72(t,JJ(H(,Hc) =7.3 Hz.2H;','-CH2); 
MS (70eV. EI): mlz (%): 324/326/328 (27146128) [M'], 253/255/257 (62/100/64) 
[C,H,Br:]. 175/177 (34) [C,H,Br*]. 

Zn-HexyI-3-bromothiopbene (7): 2-n-Hexyl-3.5-dibromothiophene (6. 3.008 g, 
9.23 mmol) was dissolved in dry Et,O (45 mL) under nitrogen. The clear colourless 
solution was cooled in an acetone/dry-ice bath (- 78 "C). n-Butyllithium (9.7 mmol, 
5.94 mL of 1.63 M solution in hexane) was added dropwise over 20 min and stirred 
at -78 "C for a further 20 min. MeOH (3.7 mL, 92.3 mmol) was added. The system 
was permitted to reach room temperature and H,O (10 mL) was added. The phases 
were separated; the aqueous phase was extracted with Et,O (2 x 10 mL). and the 
combined Et,O phases were dried (MgSO,) and filtered (paper). The solvent was 
removed with a rotary evaporator and the remaining orange oil was chro- 
matographed through silica with hexane as eluent. The product was isolated as a 
pale yellow oil, 2.1368 (94%). 'HNMR (200MH2, CDCI,): 6 =7.11 (d. 

'J(Ha,HB) = 6.3 Hz. 3H; a-CH,). 1.36 (m, 6H;  B,y,G-CH,). 1.68 (m, 2H; c-CH,), 
2.80 (1. 'J(H5,He) =7.8 Hz, 2H; I-CH,); MS (70eV. EI): m/z (%): 2461248 (26) 
[M']. 175/177 (95/93) [C,H,BrS+]. 97 (100) [C,H,S+]. 

13-Bis-(2'-n-bexyltbiopbca-J'-yl)-pe~uo~y~o~n1~ (8): 2-n-Hexyl-3-bromo- 
thiophene (7.1.449 g, 5.87 mmol) was dissolved in anhydrous THFIpentane (8 mL, 
1 : 5  P.v.) and the clear colourless solution was cooled in an acetone/dry-ice bath 
( -  78 "C). n-Butyllithium (6.1 6 mmol. 3.85 mL of 1 . 6 ~  in hexane) was added drop- 
wise over 15 min and stirred at - 78°C for an additional 15 min. Anhydrous THF 
(3.2 mL) was added to the clear orange solution and the colour turned to red. After 
5 min. THF (3.2 mL) and octafluorocyclopentene (0.395 mL, 2.935 mmol) were 
added; stimng was continued for 1 h at -78°C. The green-black turbid solution 
was removed from the cooling bath and left to reach room temperature; the solvent 
was evaporated and then CH,CI, (30 mL) and H,O (8 mL) were added. The organic 
layer was separated, dried (MgSO,) and filtered (paper). Evaporation of the solvent 
gave a green-brown oil, which was chromatographed through silica with hexane as 
eluent. 1.11 g (75%) of crude product (yellow oil) was obtained. 'HNMR 
(200 MHz, CDCI,) showed that this liquid contained product 8 ( ~ 7 0 % ) ;  the main 
impurity was 2-~1-hexylthiophene. which could be removed under vacuum (llO°C/ 
1 mmHg). The crude product (after removal of 2-n-hexylthiophene) was used in the 
next step without further purification. 'HNMR (200 MHz, CDCI,): 6 =7.21 (d. 

(t, 'J(Ha,HB) = 6.9 Hz, 3H;  a-CH,), 1.29-1.17 (m, 8H; B.y,6.c-CH2). 2.19 (1. 
'J(HI.H&) = 6.9Hz,2H;5-CH,);MS(70eV,EI):m/:(%):508(15)[Mtj.423(33) 
[ C I ~ H  I 7F6S:l. 

'J(H5,H4) =5.3H~.lH~5-CH).6.92(d.'I(H4,H5)=5.3H~.lH;4CH),0.93(t. 

'J(H5,H4) = 5.3 Hz, 1 H; 5-CH). 7.07 (d, 'J(H4,H5) = 5.3 Hz. 1 H; 4-CH). 0.88 

l ~ - B i s ( 2 ' - n - b e x y l - 5 ' ~ ~ n y l t h i o ~ n - J ' - y l ) ~ ~ ~ ~ y ~ ~ ~ n ~ ~  (9): 1,2-Bis-(T-n- 
hexylthiophen-3'-yl)perfluorocyclopentene (8, 0.165 g. 0.325 mmol) was dissolved 
in anhydrous Et,O (2.0 mL, containing 112 pL, 0.747 mmol of TMEDA). To the 
clear pale yellow solution n-butyllithium (0.747 mmol. 0.467 mL of 1 . 6 ~  solution in 
hexane) was added dropwise over 10 min under nitrogen. Stirring at room temper- 
ature was continued for 20 min and then B(nOBu), (0.300 mL, 1.105 mmol) was 
added in one portion. The red-brown solution was stirred for 1 h and then diluted 
with anhydrous THF (4 mL). This solution was used in the next reaction without 
any workup because boronic acid 9 is deboron id  during isolation. As a solution 
9 can be stored at -20°C for at least two days without significant deboronization. 

I , 2 - B i s ( 2 ' u b e x y l - 5 ' ~ ~ ~ ~ ~ y l ~ ~ ~ ~ ~ 3 ' - y i ) ~ m ~ r ~ y ~ l 0 ~ n t ~  (10): 2- 
Bromothiophene (0.300 g. 1.84 mmol) was diluted with THF (50 mL). Pd(PPh,), 
(0.012 g. 0.0103 mmol). a few drops of ethylene glycol and aqueous Na,CO, 

(2.4 mL, 1.9 M) were added and the two-phase system (liquid +solid) was refluxed. 
During this time 9 (0.325 mmol), prepared as a solution in the previous reaction, 
was added dropwise over 1 h [32] and refluxing was continued overnight. The 
solvent was evaporated and Et,O and H,O were added. The organic layer was 
separated, dried (Na,SO,) and filtered (paper). The residue was dissolved in hexane 
(z 2.5 mL) and was chromatographed through silica with the same eluent. A light 
greenish liquid was collected (=O.lSOg, 268%)  that turned dark blue in tight. 
'HNMR (200MHz. CDCI,): 6 =7.11 (s, 1H;  4-CH). 7.13 (dd. 'J(H3',H4') 
=3.6Hz, ' J ( H ~ ' , H ~ ' ) = ~ . ~ H Z .  1H;  3'-CH), 7.23 (dd, 3J(HS'.H4')=5.1H~, 
'J(H 5',H 3') = 1.1 Hz, 1 H;  5'-CH). 7.01 (dd. 'J(H4.H 5') = 5.1 Hz. 'J(H4.H 3') = 
3.6 Hz 1 H;  4-CH). 0.88 (1. ,J(Ha.HB) = 6.4 Hz. 3H; a-CH,), 1.12-1.27 (m. 8H; 
B,y,6,e-CH2), 2.27 (1, 'J(H(,H&) = 6.8 H t  2H; 5-CH,); MS (CI, CH,): m/r (%): 
673 (100) [Mi']. 701 (37.2) [C,,HIPS,F:]. 

Boronic acid derivative 11 : 1,2-Bis(2'-n-hexyl-5'-(thiophen-2-yl)-thiophen-3'- 
y1)perfluorocyclopentene (10. 0.104 g, 0.155 mmol) was dissolved in dry Et,O 
(2 mL, containing 2.5 equiv of TMEDA). n-Butyllithium (0.352 mmol, 0.220 mL, 
1 . 6 ~  in hexane) was added dropwise over 10 min under nitrogen. Stimng at room 
temperature was continued for 20 min, B(nOBu), (0.150 mL, 0.558 mmol) was 
added, the solution was stirred for 30 min at  room temperature and then diluted to 
5.0 mL with THE This solution was used without any workup because boronic acid 
I1 (like boronic acid 9)  is deboron id  during isolation. 

Compounds 1 a, 21, 31: 2'-Bromodithieno(3,2-b:2',3'-d]thioph~e-6-(p~~n~-yl) 
(1s. 0.120 g, 0.334 mmol) (or S'-bromo-2,2'-bisthiophene-5-(pyridin-4-y1). 19, for 
2a and 30) was dissolved in anhydrous THF (30 mL) under nitrogen. To the yellow 
solution Pd(PPh,), (0.008 g, 0.0067 mmol). ethylene glycol (8 drops as phase trans- 
fer catalyst) and aqueous Na,CO, (2.0 mL. 1.9 M) were added and the solution 
was refluxed for 30 min. While refluxing under nitrogen the solution of 9 from the 
earlier reaction (or boronic acid 11 for 3.) was added dropwise over 1 h 1321. and 
refluxing was continued for 10 h in the dark. The organic solvents were removed 
with a rotary evaporator and then CH,CI, (100 mL) and H,O (20 mL) were added. 
The phases were separated and the organic phase was dried (Na,SO,) and filtered 
(paper). 

Compound 1 a: Evaporation of the solvent gave a green solid, which was dissolved 
in CH,CI, and chromatographed through silica with CH,CI,/MeOH (20:2 P.v.) as 
eluent. 2100 mg ofcrude product 133) was obtained after evaporation of the eluent, 
which, after recrystalkation from heptane and preparative thin-layer chromatogra- 
phy (silica) with CH,CI,/MeOH (20:2 P.v.) as eluent, gave 2 5 7  mg (32%) of the 
closed form of the product. A higher yield could be obtained with purer starting 
material. 'H NMR (200 MHz. CDCI,) of the closed form: 6 = 8.65 (A of AABB, 
J(app) = 6.1 Hz, 2H; 2",6"-CH). 7.51 (B of AABB, J(app) = 6.1Hz. 2H; 3".5"- 
CH), 7.73 (s, 1 H; 5'-CH), 7.47 (s, 1H;  3'-CH), 6.54 (s, 1 H;  4-CH). 0.83 (t. 
'J(Ha,HB) = 6.1 Hz, 3H; a-CH,), 1.1 - 1.4 (m, 8 H; B,y,6,&-CHZ), 2.44 (A of ABX, 
system, 'J,,(H,,H& =11.3 Hz, 1 H; (,-CH,). 2.91 (B of ABX, system, 
2J,,(HB.H,) =11.3 Hz. lH;[,-CH,); MS(35 keV, LSIMS):m/z(%): 1051.6(100) 
[MH');  C,,H,N,S,F, (1051.4): calcd C 58.26. H 3.83, N 2.66; found C 58.39, H 
4.02, N 2.51. 

Compound 2n: Evaporation of the solvent gave a g r a n  solid, which was dissolved 
in CH,CI, and chromatographed through silica with CH,CI,/MeOH (20:2 P.v.) as 
eluent. 2a was too soluble in heptane to permit recrystallization, therefore succes- 
sive preparative thin-layer chromatography (silica) with the same eluent was per- 
formed in order to purify it (~23-27%) .  A higher yield could be obtained from 
purer starting material. 'HNMR (200 MHz, CDCI,) of the closed form: 6 = 8.62 
(A of AABB. J(app) = 6.0Hz, 2H; 2"'.6"'-CH), 7.46 (m, 3H;  3"',5"',4"-CH), 
7.17-7.30 (m, 3H; 3". 4, 3'-CH), 6.47 (s, 1 H; 4CH). 0.84 (1. 'J(Ha.HB) = 6.1 Hz. 
3H;  a-CH,), 1.0-1.5 (m, 8H;  B,~.~,E-CH,). 2.40 (A of ABX, system. 
'J.JHA,HB) = 12.0 Hz, 1 H; CA-CH,), 2.89 (B of ABX, system zJ,,(H,.HA) = 
12.OHz. 1 H; C.-CH,); MS (35 LV, LSIMS): m/r (%): 992 (37) [MH+];  
C,,H,N,S,F, (991.3): calcd C 61.80, H 4.47, N 2.83; found C 61.61. H 4.61. N 
2.69. 

Compound 3,: The solvent was evaporated and Et,O was added. The green suspen- 
sion was filtered (G4) and the yellow solid was washed with Et,O and dried in the 
dark (20-30%). The compound (especially the open form) was much less soluble 
than l a  and 2.. 'HNMR (200 MHz, CDCI,) of the closed form: 6 = 8.61 (A of 
AABB, J(app) = 6.1 Hz. 2H; 2 . 6 - C H ) ,  7.45 (m. 3H; 3"",5"",4"'-CH), 7.15- 
7.30(m, 5H; 3,4". 3",3'.4'-CH), 6.46(s, 1 H;4-CH),0.84(m,3H;a-CH3), 1.0-1.5 
(m. 8 H ;  B.y.6,s-CH2), 2.40 (A of ABX, system, zJ.m(HA,HB) =12.3 Hz, 1 H;  [*- 

LSIMS): m/r (%): 1155 (100) [MH']. 

Compounds 1 b and 2b: The product of the reaction described above, 1 I (0.020 g, 
0.019 mmol) (or2a for Zb), wasdissolved in dry CH,CI, (7.5 mL). To theclear dark 
green solution CF,SO,CH, (6.0 pL, 0.0438 mmol) was added and the system was 
stirred in the dark and under nitrogen for 1 h while a green-black suspension 
formed. The suspension was filtered (G4) and the pncipitate was washed many 
times with CH,CI, (CHCI, in the case of 2 b). The solid was dried at 0.1 mmHg over 
P,O, for a few hours in the dark. 

CH,). 2.88 (B Of ABX, System, 'J,,(HB,H,) = 12.3 Hz. 1 H; CB-CHZ); MS (35 kcV, 
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Compouad 1 b: 0.021 g (SOYO) of product. 'H NMR (200 MHz, CD,CN) of the 
closed form: 6 = 8.53 (A of AABB, J(app) = 6.7 Hz, 2 H :  2.6-CH).  8.12 (B of 
AABB.J(app)=6.7Hz,2H;3",5"-CH),8.30(s,lH;S-CH),7.77(s,lH;3'-CH). 
6.80(s,1H;4-CH),4.27(s,3H;N-CH3),0.88(m,3H;a-CH,),1.2-1.7(m,8H; 
,9.yJ,c-CH,), 2.58 (A of ABX, system, zJ,p&HA.H8) = 9.8 Hz. 1 H; CA-CHZ), 3.05 
(B of ABX, system, 'J.-(H8.HA) = 9.8 Hz. 1 H; C8-CH,); MS (35 keV. LSIMS): 
mlr (%): 1229 (5) [C,,H,,N,O,S,F:], 1080 (15) [C,,H,,N,S,F~J; 
C,,H,,N2S,,F,,O6 (1379.6): calcd C 47.9, H 3.4. N 2.0; foundC 46.64. H 3.33. N 
2.17. 

Conpound 2b: 0.0227 g (85%)  of product. 'H NMR (200 MHz, CD,CN) of the 
closed form: 6 = 8.52 (A of AABB, J(app) = 7.0 Hz, 2 H ;  2.6"'-CH). 8.1 1 (B of 
AABB, J(app) =7.0 Hz. 2 H ;  3"'.S"'-CH), 8.02 (d. 'J(H4,H3") = 4.1 Hz, 1 H; 
4-CH).  7.4-7.7(mq3H; 3",4',3'-CH).6.74(~. lH;4-CH).4.25(~. 3H;N-CH3), 
0.89 (m, 3H;  a-CH,). 1.2-1.6 (m, 8H; p,y.S,&-CH,), 2.51 (A of ABX, system. 
'JapP(HA,HB) =12.1 Hz. 1 H; C,-CH,). 3.00 (B of ABX, system, *J.pp(H8,HA) = 
12.1 Hz. 1H;  [,,-CH,); MS (35 keV, LSIMS): m/z (W): 1169 (5) 
[C,,H,,N,O,S,F:I. 1021 (1 1) [C,,H,,N2S,F~ 1; C,,H,,N,S8F,,0,(1319.5): calcd 
C 50.07. H 3.82, N 2.12; found C 48.25. H 3.77. N 2.07. 
Although satisfactory microanalytical data were not obtained for I b and 2b. these 
compounds were pure according to the 'H NMR data. 
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