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Abstract. Ortho-, meta- and para-xylenes 1, 13a, 13b and 
13c, with donor and acceptor substituents at the a- and a' 
positions, lead to a remarkable variety of intermediates and 
reaction products after deprotonation of the benzylic proton. 
Thus, the reaction of para-(cyanomethyl)dialkyl[(methyl- 
thio)phenylmethylene]ammonium tetrafluoroborates 13a and 
13b with sodium hydride affords the para-quinodimethanes 
14a and 14b. Poly(meta-phenylenevinylene) 14c can be 
obtained when starting from 13c. We report the synthesis of 

para-quinodimethanes 14a and 14b and poly(meta- 
phenylenevinylene) 14c and describe a successive approach 
towards meta-phenylenevinylenes of definite length 16b and 
17b starting from 12d. Moreover, we compare the stability 
and reactivity ofpara-quinodimethane 14a and 14b with those 
of the ortho-quinodimethane 2 and we focus on the char- 
acterization of the resulting donor and acceptor substituted 
compounds. 

Quinodimethanes were investigated in detail in the past 
[ 1-10], whereby the characterization of their structures 
was hindered by their high reactivity. For instance, the 
existence of unsubstituted para-quinodimethane could 
only be proven at 77 K by UV- and IR-spectroscopy [ 101. 
Nevertheless, it is possible to improve the stability of 
quinodimethanes by introducing alkyl chains in 2,6-p0- 
sitions at the phenylene ring [6] or by push-pull stabili- 
zation via donor and acceptor substituents. A well known 
example of this class is the 7,7,8,8-tetracyanoquinodi- 
methane (TCNQ) [5]. Donor and acceptor substituted 
ortho-quinodimethanes have also been studied by Gomp- 
per et al. [l-21. The authors describe the deprotonation 
of ortho-(cyanomethyl)dimethyl[(methylthio)-phenyl- 
methylene]ammonium iodide (1) at 223 K (with sodi- 
um hydride or potassium tert-butoxide) [ 11, providing 
ortho-quinodimethane 2, which is stable until 253 K 
(Scheme 1). Upon warming the solution to about 260 K, 
dimerization of ortho-quinodimethane 2 takes place, 
methanethiol is eliminated and 5,1l-dicyano-6,12-bis(di- 
methy1amino)dibenzo-[a,e]cyclooctatetraene (3) can be 
isolated in 50% yield. 

In a similar approach, we were able to couple di- 
anions of type 4 with dications of type 5 and, after elim- 
ination of methanethiol, we obtained new poly(ary1ene- 
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Scheme 1 Synthesis of donor and acceptor substituted ortho- 
quinodimethane 2 and subsequent dimerization to cycloocta- 
tetraene 3 

viny1ene)s with donor and acceptor substituents at each 
double bond, as for example 6 (Scheme 2 (a)) [ll].  
According to this investigation, we considered poly- 
merizing not only AA-(dication) and BB-(dianion) 
building blocks, but also introducing AB-compounds, 
combining cation- and anion-functions in one mono- 
mer. In fact, we were able to polymerize monomer 7. 
The latter contains a biphenylylene spacer between the 
anionic and cationic reaction centers, which inhibits 
an annihilation of the charges. Accordingly, we could 
obtain the polyarylenevinylene 8 (Scheme 2 (b)) [ 111. 

l)  Presented in part at the third conference on iminium salts, Stimpfach-Rechenberg (Germany), September 17-19, 1997 
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methoxyphenylthionophosphine sulfide dimer) in tolu- 
ene under reflux leads to the thioamides 12a and 12b, 
which can be purified by column chromatography (65 
and 70% yield, respectively). In a final step, the ammo- 
nium salts 13a and 13b can be obtained by methylation 
with trimethyloxonium tetrafluoroborate in dichloro- 
methane at room temperature in quantitative yields. 

a) AABB-type Polymerization 
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b) AB-type Polymerization 
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Scheme 2 AABB-type (a) and AB-type (b) polymerization 
routes for the synthesis of donor and acceptor substituted 
poly@ara-phenyleneviny1ene)s 6 and 8 

In this article we describe the synthesis of meta- and 
para-xylenes 13a, 13b and 13c, which constitute iso- 
mers of ortho-(cyanomethyl)dimethyl[ (methylthio) phe- 
nyl-methylene]ammonium iodide (l), and test their suit- 
ability for the synthesis of oligomers and polymers. 
Firstly, we consider compounds 13a and 13b with re- 
gard to para-quinodimethane formation and subsequent 
polymerization, and in a following step, we discuss the 
synthesis and polymerization of the meta-bifunctional 
ammonium salt 13c. 

Results and Discussion 

For the formation of para-quinoid n-systems, the am- 
monium salts 13a and 13b were chosen as starting com- 
pounds, which differ only in the alkyl substituents (me- 
thyl (13a), ethyl (13b)) at the ammonium-nitrogen. The 
synthesis of these ammonium salts succeeds in good 
yields in four steps (Scheme 3): Starting from para- 
(bromomethy1)benzoic acid (9a) with sodium cyanide 
in water, it is possible to synthesize para-(cyanome- 
thyl) benzoic acid (10a) in 79% yield. After treatment 
of 10a with thionyl chloride in benzene, we obtain the 
acid chloride which can be converted with dimethyl- or 
diethylamine in benzene into the corresponding amid- 
es ( l l a  and l lb)  in good yields (85% and 72%). The 
reaction of l l a  and l l b  with Lawesson’s Reagent (4- 

9a,c 10a,c 

2. HNR;! - 
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c meta Butyl 
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11 a,b,c,d 

N C m S  

1 Sa,b,c,d 

Lawesson’s 
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Scheme 3 Synthesis of ortho-, meta- and para-xylenes 13a, 
b, c, starting frommetu- andpuru-(bromomethy1)benzoic acid 
(9a,c) 

The deprotonation reactions of 13a and 13b with so- 
dium hydride in dimethylformamide are carried out in 
deuterated DMF and observed by ‘H NMR spectrosco- 
py (Scheme 4). This approach also allows characteriza- 
tion of less stable intermediates at low temperatures. 
For the investigation of the formation of para-quino- 
dimethane 14a, 13a is placed in an NMR tube in DMF 
and cooled to 223 K. After addition of two equivalents 
of sodium hydride, a change of the color from colorless 
to yellow can be immediately observed, which is a pos- 
sible hint for a para-quinodimethane structure. 

NaH, DMF 

1 .  - 40°C 
2. RT 13a,b 

Scheme 4 Formation of the donor and acceptor substituted 
para-quinodimethanes 14a and 14b 
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Convincing evidence for the formation of para-qui- 
nodimethane, 3-(cyanomethyl)-6-(dimethylaminometh- 
ylthiomethy1ene)- 1,4-~yclohexadiene (14a), is provid- 
ed by the lH NMR spectrum (Figure 1). It is known 
from the literature, that the formation of a quinoid struc- 
ture is accompanied by a shift of the NMR signals to 
higher field [8, 91. Accordingly, the signals of the aro- 
matic protons (Ha, Ha', Hb, and Hb') of 13a appear as 
doublets at G/ppm = 8.01 and 7.55, those of Ma as four 
doublets at G/ppm = 7.29,7.15,6.42 and 6.12 (Figure 1). 
The signal of the benzylic proton of 14a (apprn = 3.25) 
is shifted by 1.2 to higher field as compared to the sig- 
nal of the benzylic protons of 13a (6/ppm = 4.45). To 
investigate the thermal stability of 14a, the sample is 
warmed up in 10 K steps. Surprisingly, we observe that 
the donor and acceptor substituents are able to stabilize 
thepara-quinodimethane up to a temperature of 353 K. 
Warming to temperatures above 353 K gives a number 
of 'H NMR signals which broaden upon further warm- 
ing and finally, unidentified decomposition products 
occur, however, phenylenevinylene formation, as in the 
case of the ortho-quinodimethane 2, is not observed. 

Hb Ha 

14a 

--, . , . , 
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n , . , , , . , . . , I , . . . . 
6 7 6 5 4 3 2 

Fig. 1 'H NMR spectrum (500 MHz, DMF-d7, 223 K) of 14a 

By carrying out the analogous experiment at 223 K 
in an NMR-tube with 13b, we also obtain a quinoid 
structure. Here, the four doublets that belong to the aro- 
matic protons appear at G/ppm = 6.92, 6.82, 6.36, and 
6.05. While raising the temperature from 223 K to room 
temperature, the shape of the four aromatic signals 
changes from doublets to broad singlets which is shown 
in Figure 2. Remarkably, in this case, further warming 
leads to a shift of these signals. As a result, those of Ha 
and Ha' coalesce at 323 K to one doublet at appm = 6.87 
and those of Hb and Hb' coalesce at 338 K to one broad 

signal at G/ppm = 6.23. Obviously, above room temper- 
ature isomerization occurs by rotation about the para- 
quinodimethane double bonds. With the aid of NOE 
(Nuclear Overhauser Effect) difference measurements 
at room temperature, it is possible to relate the signals 
at lower field to the aromatic protons neighboring the 
amino- and methylthiofunctions (Hb, Hb'). We con- 
clude, that, due to different double bond strength on 
both para-quinodimethane sides, the mobility of the 
methylene units with amino- and methylthio-substitu- 
ents is higher than that of the cyanomethylene unit. If 
the reaction mixture is cooled from 373 K to room tem- 
perature, the para-quinodimethane lH NMR spectrum 
of 14b, containing four doublets, is again observed, 
which is proof of the stability of this compound. Fur- 
ther heating leads to decomposition products, and no 
phenylenevinylene formation is seen. 

13b 

223 K 

8.0 7 . ; - - m  

114b Hd Hb i 1 14b i I 
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Fig. 2 'H NMR spectra (500 MHz, DMF-d7) of 13b (223 K) 
and 14b (223,303,323,373 and 413 K) 

It is evident that the reaction products of sodium hy- 
dride and the xylenes 1, 13a and 13b, depend on the 
ortho- andpara-positions of the reactive groups. Where- 
as the para-quinodimethanes 14a and 14b are stable 
over a large temperature range, the donor and acceptor 
substituted ortho-quinodimethane 2 of Gompper et al. 
represents an intermediate that dimerizes easily under 
formation of the phenylenevinylene 3. Obviously, the 
ground state of 14a and 14b is only represented by the 
charge compensated para-quinoid structure, due to the 
donor and acceptor stabilization, and further reactions 
are prevented. In comparison, the lower stability of the 
ortho-isomer 2 can be attributed to the steric hindrance 
of its substituents. 
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A quinodimethane structure should become impos- 
sible by separation of the nucleophilic and electrophilic 
reaction center via a meta-pbenylene unit. In this case, 
a compensation of the charges could only be described 
through a biradical structure. We consider meta-(cyano- 
methyl)dibutyl[ (methy1thio)phenyl-methylene] ammo- 
nium tetrafluoroborate (13c) as representative for the 
investigation of the reactivity of donor and acceptor sub- 
stituted rneta-xylenes. After deprotonation with sodi- 
um hydride in deuterated DMF at 223 K, the color 
changes from bright yellow to brown (Scheme 5) .  A 
great variety of signals occurs in the ‘H NMR-spectrum 
which merge to broad unstructured signals after warm- 
ing to room temperature. More information can be ob- 
tained from Field-Desorption-Mass-Spectrometry (FD- 
MS) of the crude reaction product. Here, the distances 
of the observed signals correspond exactly to the mo- 
lecular weight of one repetition unit of 14c, which is 
254.2 g/mol, and macromolecules with up to ten repe- 
tition units are detectable. The transformation of 13c, 
when performed on a preparative scale, affords the di- 
butylamino- and cyano- substituted poly(meta-phenyle- 
nevinylene) 14c as bright yellow, glassy powder in 65% 
yield. 

NaH, DMF 

2) RT, - HSMe 
1) -40 “C 

n 
13c 14c 

Scheme 5 Synthesis of poly(rnetu-phenylenevinylene) 14c 

A common method for the characterization of poly- 
mers is gel-permeation-chromatography (GPC) analy- 
sis. With DMF as eluent and using polystyrene calibra- 
tion, an average degree of polymerization of 10 is ob- 
tained. However, the shape of the elugramm indicates 
adsorption effects of the very polar material on the col- 
umn so that the obtained molecular weight data is not 
reliable. We already observed similar problems regard- 
ing molecular weight determination with polymers 6 
and 8 which possess related structures to 14c [ 111. Be- 
cause of this, we did not spend further effort on the 
determination of the molecular weight. Moreover, it 
could be shown, that the optical properties and the proc- 
essability of donor and acceptor phenylenevinylenes do 
not change markedly with increasing polymer length 
[ 111. Further investigation of polymer 14c reveals, that 
it is soluble in most organic solvents. By applying the 
spincoating technique it is possible to obtain films of 
0.1 to 1 pm thickness, which are transparent and pos- 
sess yellow color. In chloroforni solution a UV-VIS ab- 
sorption maximum at ha, = 352 nm and an absorption 
edge of 470 nm is observed. Compared to the donor 
and acceptor substituted poly(paru-phenylene-vinyle- 

ne)s 6 and 8 (Lax = 386 and 380 nm) [111, this is a 
hypsochromic shift of the absorption maximum of 14c 
of 34 and 28 nm. In poly(meta-phenylenevinylene) 14c 
the extended 7c-conjugation is interrupted by any metu- 
bridge and the “effective conjugation length’ compris- 
es more or less one donor and acceptor stilbene 15 
(La = 340 nm [12]) (Scheme 6). The good processa- 
bility and its low light absorption qualify polymer 14c, 
together with polymers 6 and 8, for the investigation of 
its electrooptical properties, which we will report sepa- 
rately [ 131. 

Considering investigation of nonlinear optical prop- 
erties, not only the processability and absorption but 
also the dipole moments are of major interest [ 141. Poly- 
mer 14c contains conformationally mobile donor and 
acceptor vinylene subunits with a strong dipole and this 
raises the question of additivity of the dipole moments 
in the polymer. Preliminary information is available for 
the a-dimethylamino-pcyanostilbene (15) (Scheme 6), 
which constitutes a building block of polymer 14c. Start- 
ing from a crystal of the pure trans-isomer of 15, it could 
be shown that at equilibrium in solution, cis- and trans- 
isomers coexist in the ratio 57:43, indicating a remark- 
ably fast isomerization [12]. The dipole moment p of 
this compound in solution is 6.12 Debye [ 121, whereby 
a AM1 calculation shows, that the trans- und cis-stil- 
benes 15 possess similar dipole moments [ 121. Thepara- 
phenylenevinylene oligomers 16a und 17a (Scheme 6), 
which contain two and three dipolar vinylene units, 
possess dipole moments of 6.24 und 7.73 Debye, re- 
spectively [ 121. 

When discussing the occurrence of dipolar moieties 
in polymer 14c, it should be helpful to include meta- 
phenylenevinylene oligomers. These enable a system- 
atic investigation of molecules with raising length, con- 

CN - 
hMe, 

15 

16a,b 

17a,b 

Scheme 6 Oligomeric donor and acceptor substituted para- 
(a) and metu- (b) phenylenevinylenes 15, 16a,b and 17a,b 
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Scheme 7 Successive build-up of meta-phenylenevinylenes 
16b and 17b 

taining dipoles perpendicular to a n-conjugated chain 
The synthesis can be performed starting fromrnetu-(cy- 
anomethy1)-NJ-dimethylthiobenzamide (12d) in a suc- 
cessive build-up. This method has already been used 
for the “one-pot”-preparation of puru-oligophenylene- 
vinylenes [12]. The synthesis of compounds 16b and 
17bis demonstrated in Scheme 7. Starting from the thio- 
amide 12d, deprotonation in DMF at 233 K with sodi- 
um hydride and coupling with one equivalent of am- 
monium salt 18 leads to the thioamide 19 in 95% yield. 
Without further purification, it is possible to alkylate 
quantitatively with trimethyloxonium tetrafluoroborate 
in dichloromethane. Addition of the resulting ammoni- 
um salt to a DMF solution of benzyl cyanide (20) and 
sodium hydride at 233 K leads to rnetu-distyrylbenzene 
16b. Addition to a solution of 12d instead of 20 at 233 K 
leads to the thioamide 21 (91% yield), which can in a 
new reaction sequence be alkylated and coupled with 
benzyl cyanide, to give oligomer 17b containing three 
local dipoles. Compounds 16b and 17b can be purified 
by chromatography on silica gel with an eluent mixture 
of petrol ether/ethyl acetate 1:3. Finally, the oligo(rnetu- 
phenylenevinylenes) 16b and 17b can be isolated in 
glassy state in 62 and 44% total yield, respectively. It 
has to be mentioned, that the structures of 16a,b, 17a,b, 
19 and 21 are simplified (all trans), because for donor 
and acceptor substituted phenylenevinylenes we always 
find a mixture of cis- and trans-isomers in solution. It 
can be assumed, that the equilibrium of each stilbene 
unit is about 57:43 (truns:cis), as in the case of the 

donor and acceptor stilbene 15 [12]. This thesis is un- 
derlined by the ‘H and I3C NMR spectra of 16b and 
17b, which show a lot of signals, which belong to dif- 
ferent isomers. However, an exact relation of these sig- 
nals to the different isomers is not possible. 

The longest wavelength absorption maxima of the 
UV-VIS spectra of 16b and 17b are determined to 344 
and 345 nm. As expected, they do not deviate much from 
those of the donor and acceptor stilbene 15 (340 nm) 
and the polymer 14c (352 nm). 

Conclusion 

Three new donor and acceptor substituted xylenes have 
been obtained. In a first approach, thepuru-xylenes 13a 
and 13b have been synthesized, which possess differ- 
ent substituents at the ammonium nitrogen (methyl (13a) 
and ethyl (13b)). The deprotonation of these compounds 
with sodium hydride at 223 K in DMF leads to a com- 
pensation of the positive and negative charges and for- 
mation of thepura-quinodimethanes 14a and 14b which 
are stable until 373 K. Their ‘H NMR spectra exhibit 
dynamic line broadening effects. With the help of NOE 
difference measurements, the relevant dynamic proc- 
ess can be identified as rotation of donor and acceptor 
substituted methylene units about the double bonds, 
which possess a partial single bond character. In a sec- 
ond approach, we have attempted to prevent compen- 
sation of the charges by generating the rnetu-bridged 
system 13c, which cannot form a quinoid structure. In- 
deed, we obtain the donor and acceptor substituted 
poly(rnetu-phenylenevinylene) 14c. Furthermore, the 
oligomeric rneta-phenylenevinylenes 16b and 17b, 
which represent model compounds for polymer 14c, 
have been synthesized in a successive build-up, start- 
ing from 12d. By measuring the dipole moments of these 
oligomers in solution, we will monitor the dipole mo- 
ments of donor and acceptor rnetu-phenylenevinylene 
chains as a function of chain length. We will report sep- 
arately on these dipole moment measurements and on 
possible applications of polymer 14c [ 13, 151. 

Financial support by the Bundesministerium fur Bildung und 
Forschung (BMBF) through the Optimas project (No. 
03N1021B7) and by the Fonds der Chemie is gratefully 
acknowledged. 

Experimental 

NMR spectra were recorded on Bruker AMX 500 or Bruker 
AC 300 spectrometers. Chemical shifts are given in Gscale in 
parts per million relative to tetramethylsilane as internal 
standard. The calibration of the ‘H and 13C NMR spectra was 
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carried out by means of solvent peaks: CDC1,: 6(lH) = 7.24; 

spectra were obtained on a Nicolet 320 FT-IR spectrometer. 
UV-VIS spectra were recorded on a Perkin-Elmer Lambda 
15. Mass spectrometry was performed on a VG ZAB 2-SE- 
FPD by means of FD. Melting points (uncorrected) were 
obtained on a Biichi 510 apparatus. 

G(13C) = 77.0; DMF-d,: G('H) = 8.01; 6(13C) = 162.7. - IR 

para-(Cyanomethy1)benzoic acid (10a) (General Proce- 
dure) 

para-(Bromomethy1)benzoic acid (9a) 

(20.00 g, 93.0 mmol) is placed in a 1 1 flask and stirred with 
sodium cyanide (13.67 g, 279.0 mmol) in 650 ml water for 
12 h under reflux. After cooling, the reaction mixture is filtered 
and hydrochloric acid is added to the filtrate to precipitate the 
acid. The bright yellow acid is filtered off, washed with water 
and dried at 323 K under vacuo,para-(Cyanomethy1)benzoic 
acid (10a) is obtained in 79% yield (1 1.96 g), m.p. 416 K. - 
'H NMR (300 MHz, DMF-d,) G/ppm= 8.14, 7.50 (4H, 2d, 
ArH), 3.85 (2H, s, CH,-CN). - 13C NMR (75 MHz, DMF- 
d,) G/ppm= 167.2, 136.6, 130.4, 129.6, 128.6, 126.5, 119.2, 
22.8. 

meta-(Cyanomethy1)benzoic acid (1Oc) 
Yield 11.23 g (75%), m.p. 408 K. - lH NMR (300 MHz, 
DMF-d7) appm = 7.96, 7.58 (4H, 2m, ArH), 4.14 (2H, s, 
CHz-CN). - 13C NMR (75 MHz, DMF-d7) G/ppm = 168.0, 
136.9, 130.5, 129.2, 126.3, 119.4, 23.0. 

para-(Cyanomethyl)-N,N-dimethylbenzamide ( l l a )  
(General Procedure) 
para-(Cyanomethy1)benzoic acid (10a) 
(1 1.96 g, 74.3 mmol) is dissolved under an argon atmosphere 
in benzene (200 ml) in a 500 ml flask. After addition of thionyl 
chloride (88.4 g, 743 mmol), the solution is stirred for 24 h 
under reflux. The solvent and the remaining thionyl chloride 
are removed in vucuo and, without further purification, the 
residue is placed together with 150 ml benzene in a 500 ml 
flask with gas inlet under argon atmosphere and cooled to 
278 K. Dimethylamine (10.05 g, 223 mmol) is added within 
30 min, followed by stirring for 6 h at room temperature and 
addition of 250 ml of water. The organic phase is washed with 
200 ml hydrochloric acid (36% aq. soln) and with 200 ml 
water. After removal of the solvent, l l a  is isolated as a 
brownish oil. Purification can be achieved through a silica gel 
column with ethyl acetate as eluent, andpara-(cyanomethyl)- 
N, N-dimethylbenzamide ( l la)  can be obtained as a colorless 
oil (11.88 g, 85%). - IH NMR (300 MHz, CDCI,) Bppm = 
7.43-7.24 (4H, m, ArH), 3.72 (2H, s, CH2-CN), 3.00, 2.91 
(6H, 2m, N(CH3)z). - 13C NMR (75 MHz, CDC1-J Bppm = 
170.4, 136.9, 129.6, 128.9, 128.6, 127.8, 127.2, 124.8, 35.0, 
23.1. 
para-(Cyanomethyl)-N,N-diethylbenzumide ( l lb)  
Yield 72%. - 'H NMR (300 MHz, CDCl,) Glppm = 7.36 (4H, 
m, ArH), 3.72 (2H, s, CHz-CN), 3.55, 3.20 (4H, 2m, 

(75 MHz, CDCI,) G/ppm: 171.1, 137.2, 129.4, 129.0, 128.6, 
127.9, 125.0, 41.6, 41.0, 23.1, 13.7, 10.5. 

N(CHZCH&), 1.17, 1.07 (6H, 2s, N(CH2CH3)z). - 13C NMR 

meta-(Cyanomethyl)-M,N-dibutylbenzamide ( l lc)  

Yield 78%. - 'H NMR (300 MHz, CDCI,) G/ppm = 7.3 1 (4H, 
m, ArH), 3.72 (2H, s, CHz-CN), 3.44,3.16 (6H, 2m, N-CHz- 
CHz-CH2-CH3), 1.75 -0.55 (14H, m, N-CH2-CH2-CHz- 
CH3). - 13C NMR (75 MHz, CDC13) Bppm = 172.0, 137.7, 
129.3, 129.1, 128.7, 126.8, 124.7,49.1,44.8,31.1,30.0,22.8, 
20.6, 20.1, 14.3, 14.0. - MS(FD, 8kV) ndz: 272.4 (M+). 

meta-(Cyanomethyl)-N,N-dimethylbenzamide ( l ld)  
Yield 65%. - 'H NMR (300 MHz, CDCI,) G/ppm = 7.34 (4H, 
m, ArH), 3.73 (2H, s, CHz-CN), 3.05,2.93 (6H, 2s, N(CH3)z). 
- 13C NMR (75 MHz, CDC1,) Bppm = 170.1, 136.9, 129.4, 
128.8, 127.8, 127.4, 125.0, 35.1, 23.0. 

para-(Cyanomethy1)-Nfl-dimethylthiobenzamide (12a) 
(General Procedure) 

To a solution ofpara- (cyanomethy1)-N,N-dimethylbenzamide 
( l la)  (1 1.88 g, 63.2 mmol) in toluene (I50 ml), Lawesson's 
Reagent (4-methoxyphenylthionophosphine sulfide dimer) 
(6.42 g, 15.9 mmol) is added and refluxed for 24 h. After 
cooling, the solvent is removed and purification by chroma- 
tography on silica gel with an eluent mixture dichloromethanel 
ethyl acetate of 3:1 yields 8.39 g (65%) of the orange oil. 

para-(cyanomethyl)-N,N-dimethylthiobenzamide (12a) 
IH NMR (300 MHz, CDCl,) G/ppm = 7.32 (4H, m, ArH), 

NMR (75 MHz, CDC13) appm = 200.0, 144.5, 130.0, 129.5, 
128.2, 125.7, 125.5, 117.8, 43.8, 42.9, 23.4. 

para-( Cyanomethyl)-N,N-diethylthiobenzamide (12b) 
Yield 70%. - 'H NMR (300 MHz, CDCI,) G/ppm = 7.36 (4H, 
m, ArH), 3.72 (2H, s, CHz-CN), 3.55, 3.20 (4H, 2m, 
N(C&CH,),), 1.17, 1.07 (6H, 2t, N(CH,CH,),). - I3C NMR 
(75 MHz, CDCl,) G/ppm= 199.2, 143.7, 137.2, 131.0, 128.0, 
127.1, 125.8, 117.5,47.8, 46.1, 23.4, 14.1, 11.2. 

meta-( Cyanomethyl)-N,N-dibutylthiobenzamide (12c) 
Yield 74%. - 'H NMR (300 MHz, CDC1,) Bppm = 7.46- 
7.03 (4H, m, ArH), 3.73 (2H, s, CH~-CN),4.03,3.35 (6H, 2t, 

(14H, 6m, N-CH2-C&CHz-CH3). - "C NMR (75 MHz, 
CDC13) G/ppm = 199.3, 144.9, 130.3, 129.2, 127.4, 124.6, 
117.4, 53.4, 51.6, 30.6, 28.1, 23.5, 20.3, 19.8, 10.2, 13.4. - 
MS(FD, 8kV) d z :  288.4 (M+). 

meta-(Cyanomethyl)-N,N-dimethylthiobenzamide (12d) 
Yield 74%. - 'H NMR (300 MHz, CDCI,) G/ppm = 7.10 (4H, 
m, ArH), 3.54 (2H, s, CHz-CN), 3.39,2.94 (6H, 2s, N(CH3)Z). 
- j3C NMR (75 MHz, CDC1,) Bppm = 199.8, 144.2, 130.3, 
129.1, 127.9, 125.3, 117.3,44.0,43.1, 23.4. 

para-(Cyanomethyl)dimethyl[(methylthio)phenyl- 
methylene]ammonium tetrafluoroborate (13a) (General 
Procedure) 

para-(Cyanomethy1)-N,N-dimethylthiobenzamide (12a) 
(837 mg, 4.1 mmol) is dissolved in dichloromethane (5 ml) 
in a 50 ml flask under argon atmosphere. After addition of 
trimethyloxonium tetrafluoroborate (606 mg, 4.1 mmol), the 
solution is stirred for 48 h at room temperature. The solvent is 

3.76 (2H, S, CH2-CN), 3.61, 3.18 (6H, 2 ~ ,  N(CH3)z). - 13C 

N-CIIZ-CHZ-CH~-CH~), 1.85, 1.51, 1.42, 1.15, 1.00, 0.77 
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removed in vucuo and the colorless ammonium salt 13a is 
obtained in quantitative yield (1.255 g). - 'H NMR (500 MHz, 
DMF-d7) Bppm = 8.01,7.55 (4H, 2d, ArH), 4.45 (2H, s, CH2- 

(75 MHz,DMF-d,) G/ppm= 186.2,131.5,130.9,129.1, 128.7, 

d z :  219.3 (M+ - 86.8(BF4-)). - IRvkm-'= 3059,2965,2937, 
2876,2254, 1580, 1471, 1422, 1267,1068,745. 

para-(Cyanomethyl)diethyl[(methylthio)phenylmethylene] 
ammonium tetrajluoroborate (13b) 
Yield 100%. - 'H NMR (500 MHz, DMF-d7) Bppm = 7.80, 
7.74 (4H, 2d, ArH), 4.32 (2H, s, CH2-CN), 4.20, 3.75 (4H, 
2m, N-CH,), 2.33 (3H, s, SCH,), 1.51, 1.28 (6H, 2t, CH, 
CH,).- I3CNMR(75 MHz,DMF-d,) G/ppm= 191.4, 135.5, 
130.4, 129.6, 127.6, 117.3, 53.7,51.1,23.9, 18.6, 13.8. 11.4. 
- MS(FD, 8kV) d z :  247.4 (M' - 86.8(BF4-)). - IR: v/cm-'= 
3059,2965,2937,2876,2254,1580,1471,1422,1267,1068, 
745. 
meta-( Cyanomethyl)dibutyl[(methylthio)phenylmethylene] 
ammonium tetrafluoroborate (13c) 
Yield 100%. - 'H NMR (500 MHz, DMF-d7) Bppm = 7.61 
(2H, d, ArH), 7.42 (1H, s, ArH), 7.35 (IH, t, ArH), 3.93,3.51 

1.87, 1.60 (4H, 2m, N-CH2-CH2), 1.44, 1.08 (4H, 2m, N- 

(75 MHz, DMF-d7) &pm= 191.3, 133.8,132.0,131.2,127.5, 
126.4, 126.0, 117.8, 58.4, 55.9, 30.1, 27.5, 23.2, 20.7, 19.7, 
18.4, 13.6, 13.3. - MS(FD, 8kV) m/z: 303.5 (M+-86.8 
(BF4-)). - IR: vlcni-' =3059,2965, 2937,2876,2254, 1580, 
1471, 1422, 1267, 1068,745. 

CN), 2.87 (6H, S, N(CH,)J, 2.45 (3H, S, SCH,). - ',C NMR 

128.3, 127.3, 119.5, 58.9, 58.3, 56.8, 33.5. -MS(FD, 8kV) 

(4H, 2t, N-CI&), 3.91 (2H, S, CHZ-CN), 2.15 (3H, S, SC&) 

CHz-CH2-CHz), 0.95,0.67 (6H, 2t, CHz-CH,). - ',C NMR 

3-(Cyanomethyl)-6-(dimethylaminomethylthiomethyl- 
ene)-1,4-cyclohexadiene (14a) (General Procedure) 

para-( Cyanomethyl)dimethyl[(methylthio)phenylmethylene] 
ammonium tetrajluoroborate (13a) 
(10 mg, 0.03 mmol) is placed in an NMR tube in deuterated 
DMF (0.75 ml) and cooled to 223 K. After addition of 4 equi- 
valents (3 mg) of sodium hydride (95% wlw dispersion in 
mineral oil), the reaction mixture is warmed up in 10 K steps 
and simultaneously observed by 'H NMR spectroscopy. - 'H 
NMR (500 MHz, DMF-d,, 273 K) appm = 7.29,7.15,6.42, 
6.12(4H,4d,ArH,J=8.7Hz),3.25(1H,s,=CI+CN),2.25 

3-~Cyanomethyt)-6-(diethyla1~~inomethylthiomethy~ene)-l,4- 
cyclohexadiene (14b) 
'H NMR (500 MHz, DMF-d7, 273 K) G/ppm = 6.92, 6.82, 
6.36, 6.05 (4H, 4d, ArB, J =  8.6 Hz), 3.81 (4H, m, N-CH2), 

(6H, S, N-CH,), 2.23 (S-CH3). 

2.87 (IH, S, =CH-CN), 1.21 (6H, t, CH,), 1.23 (S-CH,). 

Polymer 14c 
rneta-(Cy anomethyl)dibutyl[ (methylthio)phenylmethylene] 
ammonium tetrafluoroborate (13c) (200 mg, 0.513 mmol) is 
placed in a 100 ml reaction flask under argon atmosphere in 
DMF ( 5  ml) and cooled to 243 K. After addition of 2 equiv- 
alents (26 mg) of sodium hydride (95% wlw dispersion in 
mineral oil) and a reaction time of 8 h, the solution is al- 
lowed to warm to room temperature. Distillation of the brown- 

ish reaction mixture to remove DMF and purification by solv- 
ing of the residue in dichloromethane, washing with water 
and distillation of the dichloromethane leads to 85 mg of the 
bright yellow, glassy polymer 14c (65% yield). - 'H NMR 
(500 MHz, DMF-d,) Bppm= 7.75-6.55 (4H, m, ArB), 3.85- 
2.50 (4H, m, N-CB,), 1.80-1.00 (8H, m, N-CH,-CH,- 
CH,), 1.00-0.65 (6H, m, -CH, -CH,). - 13C NMR (75 MHz, 
DMF-d,) Bppm = 137.8, 137.6, 130.6, 130.5, 129.2, 129.0, 
128.2, 127.9, 51.9, 51.7, 30.5, 30.0, 28.7, 20.6, 20.2, 14.2, 
14.1. - IR vlcm-1 = 3054, 2963, 2933, 2873, 2306, 2187, 

&,Jnm 

Successive Build-up of Oligomers 16b and 17b 
The following reactions are performed under argon atmosphere 
in dry solvents. Firstly, meta-(cyanomethyl)-N,N-dimethylthio- 
benzamide(l2d) (5.0 g, 24.5 mmol) is placed in a 100 ml flask 
in DMF (25 ml) and cooled to 233 K, after which sodium 
hydride (95% w/w dispersion in mineral oil) (1.238 g, 
49 mmol) and dimethyl[(methylthio)phenylmethylene] am- 
moniumiodide (18) [12] (7.178 g, 24.5 mmol) are added. The 
solution is allowed to warm to room temperature after 6 h. 
The solvent is removed in vucuo (yield 95%) and dichlo- 
romethane (30 ml) and trimethyloxonium tetrafluoroborate 
(3.626 g, 24.5 mmol) are added to the brownish residue 19. 
After 24 h the solvent is removed and about one half of the 
resulting ammonium salt (5.00 g,11.4 mmol) is added to a 
solution of benzyl cyanide (1.334 g, 11.4 mmol) and sodium 
hydride (95% w/w dispersion in mineral oil) (576 mg, 
22.8 mmol) at 233 K in DMF (20 ml). After a reaction time 
of 6 h the mixture is allowed to warm to room temperature 
and the donor and acceptor distyrylbenzene 16b is obtained 
as a brownish oil, which can be purified by chromatography 
on silica gel with an eluent mixture ethyl acetatelpetrol ether 
of 3:l. The glassy, yellow product 16b is obtained in 62% 
total yield (2.955 g). 

For the preparation of oligomer 17b, the alkylated com- 
pound 19 (5.00 g,11.4 mmol) is added to a solution of 12d 
(2.326 g, 11.4 mmol) and sodium hydride (95%) (580 mg, 
23.0 mmol) at 233 K in DMF (15 ml). After 6 h and warming 
to room temperature, the solvent is distilled and 21 obtained 
in 91 % yield. 21 can be alkylated quantitatively with trimethyl- 
oxonium tetrafluoroborate (1.687 g, 1 I .4 mmol) in dichloro- 
methane (30 ml) within 24 h. Coupling with benzyl cyanide is 
performed analogously to the synthesis of 16b (with 20 
(1.334 g, 11.4 mmol) and NaH (576 mg, 22.8 mmol)) to give 
the donor and acceptor oligomer 17b. This can also be purified 
by chromatography on silica gel with an eluent mixture ethyl 
acetatelpetrol ether of 3: 1 and the glassy, yellow product 17b 
is isolated in 44% total yield (2.950 g). 
16b: - 'H NMR (500 MHz, CDC13) Bppm = 7.45-6.63 (14H, 
m, ArH) 3.02,2.83,2.64,2.60,2.39,2.21 (12H, 6s, N-CH,). 
- I3C NMR (75 MHz, CDC1,) &ppm = 164.2, 162.7, 162.4 
161.5, 137.2, 136.3, 136.0, 129.9, 128.4, 128.3, 127.9, 127.7, 

MS (FD, 8kV) d z :  418.3 (M+). - IR v/cm-' = 3054, 2977, 

(CHC13): &,/nm (E,,, Umol cm) = 344 (16190). 
CZ8Hz6N4 Calcd.: C 80.35 H 6.26 N 13.38 
(418.54) Found C 80.16 H 6.18 N 13.27. 

1676, 1422, 1265, 1064, 733. - UV-VIS (CHCl,): 
l/mol cm) = 352 (7890). 

127.5, 125.9, 125.7, 124.8, 124.5, 43.4, 42.9, 42.7, 42.5. - 

2933, 2863, 2185, 1545, 1394, 1266, 1063, 736 - UV-VIS 
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17b: - 'H NMR (500 MHz, CDC13) &ppm = 7.55-6.70 (18H, 
m, ArH) 3.13, 3.11, 3.10, 3.05, 2.95, 2.92, 2.67, 2.65, 2.53, 

CDCl,) G/ppm = 163.8, 162.2, 162.0, 161.4, 137.5, 136.2, 
134.5, 130.0, 128.5, 128.0, 126.5, 125.6, 123.6, 123.4, 12 1.9, 

(M+). - IR vlcm-' = 3054, 2986, 2931, 2305, 2186, 1559, 
1445, 1395, 885, 737. - UV-VIS (CHC13): LJnm 
l/mol cm) = 345 (24100). 
C39H36N6 Calcd.: C 81.60 H 6.16 N 14.27 
(588.75) Found: C 81.40 H 6.19 N 14.14. 

2.43, 2.28, 2.09 (18H, I ~ s ,  N-CH,). - 13C NMR (75 MHz, 

121.7, 43.3, 42.9, 42.9, 42.8. - MS(FD, 8kV) m/z = 588.4 
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