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Novel Silicon Naphthalocyanines: Synthesis and Molecular Arrangement in Thin 
Films 

Mitsuo Katayose, Seiji Tai," Koichi Kamijima, Hideo Hagiwara and Nobuyuki Hayashi 
lbaraki Research Laboratory, Hitachi Chemical Co. Ltd., 13-1, 4- Chome, Higashi-cho, Hitachi 31 7, 
Japan 

A series of highly organic -solu ble [ bis( tria I kylsi loxy) ] si I ico n tetra kis (a I ky It h io) - 2,3 - nap ht halocya n i nes 
[( R',SiO),SiNc(SR2),] have been synthesized, and their 'H NMR, electronic absorption and 
fluorescence spectra measured. These spectra indicate that ( R',SiO),SiNc(SR2), are monomeric 
in solution (10-2-10-7 mol dm-,). In their solid films, all Q-band absorption maxima of  
( R1,Si0),SiNc(SR2), are red-shifted from their monomeric Q-band maximum. The extent of shift 
significantly increases with decreasing R' length of  the axial substituents, but the effect is far less 
with ring substituents, R2. These observations are clearly explained using the exiton model. Our results 
indicated that novel naphthalocyanine ( R',SiO),SiNc(SR2), molecules have a J- type molecular 
arrangement in thin solid films. 

Physical and chemical properties of naphthalocyanines [Nc] 
have recently attracted much attention from material chemists 
because of their potential use in semiconducting materials,' 
nonlinear optics2 and other optical devices. Nc is one of the 
most suitable compounds for optical devices such as optical 
recording materials and organic photoconductors,4 since it 
effectively absorbs semiconductor laser light that is used in these 
devices. 

In particular, organic-solu ble Ncs have advantages for these 
applications because they are easily purified by column 
chromatography and/or recrystallization. However, as is well 
known, Nc has a high tendency to form molecular aggregates 
such as dimers, trimers and oligomers, even in dilute s o l ~ t i o n . ~  
In optical devices using Nc, the influence of their aggregation 
cannot be neglected because monomers, dimers, trimers and 
oligomers all have different photophysicochemical character- 
istics. Generally, derivatives of Nc having only ring substituents 
tend to form H-aggregates in s o l u t i ~ n , ~  whereas those with 
two axial substituents bound to a central metal show 
monomeric properties.6 Although many Ncs have been 
reported or patented for use in optical devices, the substrates 
of their fundamental research were limited to Ncs with some 
substituents on  the central metal or on the naphthalocyanine 
ring.' Organic-soluble Ncs bearing two axial substituents 
bound to a central metal and four ring substituents have not yet 
been reported. 

Here we report syntheses of a series of highly organic-soluble 
Ncs [(R',SiO),SiNc(SR2),, 13 (Fig. 1) which have two bulky 
axial substituents and four ring substituents, as well as their 
physical and chemical molecular properties in solution and in 
thin solid films. 

Results and Discussion 
All naphthalocyanines 1 shown in Fig. 1 were synthesized via 
two routes (A and B) (Scheme 1). Another possible method for 
synthesis of 6-alkylthio-2,3-dicyanonaphthalene (route C) was 
unsuitable, because the long alkyl groups (R') of 4-alkylthio- 
1,2-dimethylbenzene prevented bromination of methyl groups 
to give 3b and/or the subsequent cyclization reaction with 
fumaronitrile leading to 4b. In fact, isolation of 4b from the 
reaction mixture was difficult because of formation of many by- 
products. Similar findings were also obtained during synthesis 
of 6-alko~ycarbonyl-2,3-dicyanonaphthalene.~ Route A can be 
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R '  = C6Hl3, R Z  = Cl0H2,  HE4 R '  = C6H,3, R 2  = C4H9 
R '  = C3H7, R 2  = C6H13 
R '  = C3H7, R 2  = C14Hzy 

ME4 R' = CH,, RZ = C4H9 
ET4 R '  = C2Hs, R z  = C4H9 
PR4 R'  = C3H7, R z  = C4Hy 
BU4 R'  = C4Hy, R2 = C4Hy 

BU12 R' = C4Hy. R 2  = C12Hzs 
ET16 R'  = C2Hs, Rz = C16H33 

R '  = C3H7, R 2  = C,,H,, 
ETMC R'  = C2Hs, R 2  = 4-methylcyclohexyl 
PRMC R '  = C3H,, R 2  = 4-methylcyclohexyl 
BUMC R '  = C,H9, R 2  = 4-methylcyclohexyl 

Fig. 1 Molecular structure of (R',SiO),SiNc(SR2), 1 

used for synthesizing 1 with various ring substituents. However, 
since the reaction mixture in the final step (from 8 to 1) involved 
several minor products such as (R ' 3SiO)2SiNcBr,,-,,(SR2), 
(n = 1-3) which were not completely converted into 1 even by 
further heating, careful purification of the products by column 
chromatography followed by recrystallization was necessary. 
On the other hand, route B is most suitable for preparing 
compounds 1 with a variety of axial substituents. In the final 
step of route B (from 7b to I), isolation of the products from the 
reaction mixture was easier than that in the final step of route A 
because the above mentioned minor products were not formed. 

All compounds 1 obtained by these synthetic methods are 
highly organic-soluble so that we can evaluate the physicochemi- 
cal properties of 1 not only in solution but also in thin solid films 
prepared by coating. 

Electronic absorption and fluorescence emission spectra of 
ME10 (a. 1W6 mol dm-3) are shown in Fig. 2. The strongest 
Q-band absorption, assigned to the S,(O)-S , (O)  transition,6 was 
observed at 785 nm in CH2CI2. The fluorescence emission 
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Fig. 3 Red shift values (A;.) for (R',30),SiNc(SRZ), in thin films 

films. A similar red shift was observed in adjacent weak Q- 
bands.* 

the spectral shift value (Av) 
of coplanar molecules such as Ncs is given by eqn. ( l ) ,  where N 

According to the exiton 

maximum from the corresponding transition was observed at 
791 nm. These absorptions and fluorescence emission spectra 
have good mirror image correlation. Q-band absorption spectra 
in solutions of various concentrations obeyed the Beer- 
Lambert law. Other 1 also showed similar electronic absorption 
and fluorescence emission spectra. All 1 revealed sharp 'H 
NMR signals which were easily assignable. These results 
indicate that all 1 are monomeric in solution. The Q-band 
maximum observed at 785 nm is typical for the monomeric 
state of 1. 

In contrast, all Q-band absorption maxima of 1 in solid films 
showed red shifts from the monomeric Q-band maximum (785 
nm). The red-shift values (Aijnm) are shown in Fig. 3. 
Generally, the 6;. values became larger with decreasing R '  
chain length. It seems that the steric bulkiness of the axial 
trialkylsiloxy group ( R '  3Si0) determines the extent of 
intermolecular interactions between molecules of 1 in thin 

is the degree of aggregation, / I  is Planck's constant, M is the 
transition dipole moment of the monomer, I' is the centre-to- 
centre distance between molecules, and 0 is the tilt angle 
between the polarization axis of a unit molecule and the line 
connecting the molecular centres. I n  the region 90 > 0 > 
54.7', Av has a positive value which means blue shifts of 
absorption spectra. The blue shifts of Nc induced by formation 
of H-aggregates are discussed elsewhere.s In the situation 
54.7' > (I > 0, Av has a negative value which represents 
red shifts of spectra. O u r  observation of red shifts suggests that 
all 1 have slipped J-type molecular arrangement in thin solid 
films as shown in Fig. 4. 

To discuss the dependence of Aj. on the chain length of R 1  in 
detail, the absorption spectra of a series of (R1,SiO)2SiNc- 
(SCl,Hz1)4 in solid films are shown in Fig. 5. The red-shift 

* I t  is well known that J aggregates exhibit spectral red shifts (probably 
'J' for Jelley, one of the lirst workers to investigate thcsc shifts), whereas 
the blue-shifted aggregates are designated iis 'H'aggregates ( H  for hypso- 
chromic). 
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Fig. 4 Schematic diagram of presumed J-type slipped molecular 
arrangement of [(R',SiO),SiNc(SR2),] aggregate in thin film: ((I) top 
view; ( h )  side view 
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Fig.5 Q-band absorption spectra of MEICHE10 in thin films: ME10. 
( - -  ); ETIO,(--); PRlO,(----); BUlO,( ~ ---);HElO,(---) 

values from the monomeric Q-band absorption in Ai./nm and 
Av/cm-' are summarized in Table 1. 

As shown in Fig. 4, the increase in R '  chain length should 
induce steric repulsion between a Rl3SiO group of one Nc and 
two naphthalene rings of another. The dependence of Av on 
R 1  chain length can be explained using the exiton model. 
Interplanar spacing (4 is given by eqn. (2). Here, cl for 

Table I 
from the monomeric Q-band absorption 

The red-shift value of (R',SiO),SiNc(SC,,H,,), in thin films 

Compound Ailnm Av/cm-' 

ME10 62 940 
ETlO 52 780 
PRlO 35 540 
BUIO 28 440 
HE10 18 280 

Table 2 Tilt angle (U) ,  estimated centre-to-centre intermolecular 
distance (r) and the related value ( 1  - 3cos28) and r-, estimated at the 
interplanar spacing of 4.0 8, 

Compound O/' I - 3coszU r/A r - 3 / i ~ 2 0 c m  

ME10 20.3 - 1.64 12.0 5.79 
ETlO 18.0 - 1.71 13.2 4.35 
PRlO 16.0 - 1.77 14.5 3.27 
BUlO 14.9 - 1.80 15.6 2.63 
HE10 12.7 - 1.86 18.1 1.69 

(a ) 

( b  ) 

Fig. 6 Schematic diagram of presumed J-type slipped molecular 
arrangement of (R',SiO),SiNc(SR*), aggregate in thin film. (a): R '  = 
Me, Et (h): R '  = Pr, (c): R '  = C,H,,. 

r l  = resun0 (2) 
A V  = / i - 1 * ( M 1 2 - ( l  - 3c0s'O)-r-~ (3) 

( R '  ,SiO)2SiNc(SR, is assumed to be 4.0 based on d 
values described in the literature." Since N is considered to be 
sufficiently large in thin films, eqn. ( 1 )  was simplified to eqn. (3). 

Then, M can be determined experimentally from the integrated 
absorption coefficient of the Q-band. The average M value for 
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Table 3 Details of reaction conditions for preparation of 1 

Condition ME10 ETlO PRlO BUlO HE10 

7b (g mmol-') 
Reagent 
(g mmol-') 
Additive 
Solvent 
(cm3) 
Temp/"C 
Timelh 

0.810.6 
Me,SiOH 
0.819 
none 
quinoline 
40 

180 
2 

9.316.4 
Et,SiOH 
13.8/105 
none 
PhCl 
615 
reflux 
5.5 

21 / 14.5 
Pr,SiCI 
18.5/96 
Bu,N (56 cm3) 
quinoline 
700 
150 

1.5 

15.51 10.6 
Bu,SiOH 
2 1 /80 
none 
PhCl 
500 
reflux 

10.5 

1 /0.7 

0.9/2.7 
none 
pyridine 
80 

reflux 
1 

(C,H I ,),sic1 

Condition ME4 ET4 PR4 BU4 HE4 

7b (g mmol I )  

Reagent 
( g  mol-I) 
Additive 
Solvent 
(cm3) 
Temp/"C 
Time/h 

8/7.1 
Me,SiOH 
5/56 
none 
quinoline 
200 
180 

2 

817.1 
Et , S O H  
4.4134 
none 
quinoline 
200 
180 

2 

817.1 
Pr,SiCI 
4.4123 
Bu,N (25 cm3) 
quinoline 
200 
150 

1.5 

16114.2 817.1 

59/234 5/16 
none none 
quinoline quinoline 
960 200 
reflux 150 

3.5 2 

Bu,SiOH (C,H 1 ,),SiCI 

Condition ET16 PR6 ETMC PRMC BUMC 

7b (g mol-' ) 13.9/7.7 
Reagent Et,SiOH 
(g mol-') 17.211 31 
Additive none 
Solvent PhCl 

Temp./&'C reflux 
Time/h 24 

(cm3) 500 

1018.1 
Pr,SiCl 
83/46 
Bu,N (25 cm3) 
quinoline 
300 
150 

2 

1.71 1.3 
Et,SiOH 
2.21 16 
none 
quinoline 

70 
180 

2 

1.7/1.3 
Pr,SiCl 
2.61 14 
Bu,N (56 cm3) 
quinoline 
100 
150 

2 

1.7/1.3 
Bu,SiOH 
3.1/12 
none 
quinoline 

70 
200 

2 

1 was 21.5 D. From Av, d, and the average M value, 0 and 
r were estimated by using eqns. (2) and (3) as summarized in 
Table 2, together with values of ( 1  - 3cos2f?) and r3. 
These estimated 0 and r are considered to be averaged values 
for 1 of various J-type arrangements in thin solid films, and 
enabled us to estimate the average arrangement favoured by 
each compound 1. With increasing R '  chain length of the axial 
substituent (R ',SO) r increases and 0 decreases. The values 
of the (1  - 3cos20) term, however, changed only slightly 
when R '  chain length increased from methyl to hexyl ( M E l C  
HElO), although there were significant changes in Av, almost 
proportional to the rP3 value. Consequently, it  was concluded 
that the red-shift value (Av) is mainly dependent on centre-to- 
centre distance (Y), which is controlled by the chain length of R'. 

As seen from Fig. 3, A;. decreased with an increase in the 
length of the ring substituents, R2.  An increase in the steric 
bulkiness of the R 2  group could increase the interplanar spacing 
(4, which naturally increases Y and 0. An increase of both 
I' and 0 should decrease Av according to eqn. (3). I n  
particular, A i  values of ( Pr3SiO),SiNc(SR2 )4 were highly 
sensitive to R 2  bulkiness compared with those of other 1 [R'  = 
Me, Et, Bu, C,H ,I. 

These findings can be interpreted by the schematic 
representations of three types of molecular arrangements for 1 
in thin films as shown in Fig. 6. In (Me3SiO),SiNc(SR2), and 
(Et,SiO),SiNc(SR'),, the steric requirement of the R 2  group 
would not be large enough to create a large dependence on A;. 
because two R 2  groups of one Nc molecule would not be 
located close to those of another molecule due to the small steric 
bulkiness of their R',SiO group as shown in Fig. 6(a). In 
[(C,Hl3),Si0],SiNc(SR2),, the dependence of A). on the R 2  
group is also small because molecules are located distinctly far 
from each other as shown in Fig. 6(c) ,  due to the high steric 
requirement of the (C,H, 3)3Si0 group. In contrast, in thin films 
of (Pr,SiO),SiNc(SR'),, alkylthio groups (SR') are located 
close to each other, as shown in Fig. 6(h) ,  owing to the steric 

repulsion between the naphthalene ring and the Pr,SiO groups 
of intermediate bulkiness, so that Aj. of ( Pr3SiO),SiNc(SR2), 
is highly sensitive to the bulkiness of R2. As we would expect, 
a sterically more hindered R 2  group, such as the 4-methyl- 
cyclohexyl derivative of ( Pr,SiO),SiNc(SR2),, resulted in a 
significant decrease of A>. as shown in Fig. 3. This observation 
supports the fact that ( Pr3Si0),SiNc(SR2), molecules in thin 
films are located as represented in Fig. 6(h). The findings from 
a series of (Bu,S~O)~S~NC(SR~) ,  should have intermediate 
properties between ( Pr,SiO),SiNc(SR2), and [(C,H ,),SiO] 2-  

SiNc(SR2),. 
On the other hand, no significant shifts were observed in 

Soret bands of the spectra of 1. Although these results still 
remain to be clarified, they may have resulted from the various 
properties of the transition dipole moments, such as different 
directions of the dipole between So-S, (Q-band) and So-S, 
(Soret-band). 

Conclusions 
I t  is suggested that Ncs which have two axial substituents 
(R',SiO) on the central metal as well as four ring substituents 
(SR') have a J-type molecular arrangement in solid films, 
exhibiting a red shift of Q-band absorption, whereas mono- 
meric spectra were observed in solution. The intermolecular 
centre-to-centre distance of Nc molecules in solid films could be 
dependent mainly on steric repulsion between an R',SiO 
groups of one Nc and two naphthalene rings of an adjacent Nc 
molecule. The size of the SR2 groups has some effect on the 
molecular arrangement when the SR2 groups of one Nc are 
located close to the SR' groups of the other, as in 
( Pr3SiO),SiNc(SR2),. 

Experimental 
Appcir.crtus.-All melting points were determined with a 
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Table 4 Physical properties of f 

ME10 HE10 

Yield (%) 
M.p./"C 
Molecular formula 
Found (%) 
Requires (%) 
v,,,( KBr)/crn-' 

nm (log E )  

6, (250 MHz; 
CDCI,) 

imax(CH2C12)/ 

45 
273-275 
C94H122N8Si302S4 
C, 69.7; H, 7.7; N, 7.0; S, 8.0 
C, 70.2; H, 7.65; N, 6.8; S, 8.0 
1360, 1080 
784 (5.7), 744 (4.8), 697 (4.8), 
357 (5.1) 

- 2.44 (1  8 H, s, Me,SiO), 0.89 ( I2 
H, m, SC9H18-CH3), 1.32 (48 
H, m, SC3H6-C6H,2-CH3), 1.62 
(8 H, m, SC2H,-CH,-C7H 15), 

CH,-C,H 17), 3.29 (8 H, t, J 7.32, 
S-CH2-CgH 19), 7.80 (4 H, dd, J 

1.92 (8 H, quintet, J 7.32, SCH2- 

8.54, 1.22, Ar-7-H), 8.41 (4 H, brs, 
Ar-5-H), 8.50 (4 H, d, J 8.54, 
Ar-g-H), 9.93 (4 H, brs, Ar-I-H), 
10.0 (4 H, brs, Ar-4-H). 

28 
4 3 4 6  

C, 73.05; H, 9.2; N, 5.7; S. 6.0 
C, 73.4; H, 9.0; N, 5.3; S, 6.3 
1355,1080 
784 (5.7), 743 (4.8) 
697 (4.8), 358 (5.1) 

CH,),SiO], - 1.00 [I2 H, rn, 
( C4H 9- CH2-CH, ),SiO), 0.06 
[ 12 H, m, (C3H7-CH2- 
C2H4)3SiO],0.23 [I2 H,m,(C,H,- 
CH2-C,H,)3SiO], 0.43 [I8 H, t, 
J 7.32, (CH3-C,H1,),SiO], 0.62 
[I2 H, m, (CH3-CH2-C4H8)3 
SiO], 0.90 (12 H, rn), 1.33 (48 
H, m), 1.63 (8 H, m), 1.92 (8 H, 
quintet, J 7.32), 3.28 (8 H, t, J 
7.32), 7.80(4 H,dd,J8.54,1.22),8.46 
(4 H, brs), 8.52 (4 H, d, J 8.54), 
9.95 (4 H, brs), 10.00 (4 H, brs). 

c 1  24H 1 82N8Si302S4 

-2.08 [I2 H, m, (CSH,,- 

~~ 

ME4 ET4 

27 
> 300 

C, 66.2; H, 6.0 N, 8.85; S, 9.9 
C, 66.1; H, 5.9; N, 8.8; S, 10.1 
1360,1080 
784 (5.7), 744 (4.8), 697 (4.8), 
357 (5.1) 

C70H74N8Si302S4 

-2 .44(18H,s) ,  1 .08(12H,t ,  
SC3H,-CH,), 1.65 (8 H, sextet, 
J 7.32,SC,H4-CH,-CH,), 1.92 
(8 H, quintet, J 7.32, SCH2-CH2- 
C2H,), 3.29 (8 H, t ,  J 7.32, 

8.54, 1.83), 8.45 (4 H. brs), 8.50 (4 
H, d, J8.54), 9.93 (4 H, brs), 10.00 
(4 H, brs). 

S-CH2-CgH 19). 7.80 (4 H, dd, J 

32 
> 300 

C, 66.9; H, 6.4; N, 7.95; S, 9.3 
C, 67.3; H, 6.4 N, 8.3; S, 9.5 
1355, 1080 
784 (5.7), 743 (4.8), 697 (4.8), 
358 (5.1) 

c7 6 8 6 ESi 3 2s4  

- 2.09 ( 12 H, q, J 7.32), - I .02 (8 
H, 1, J7.32), 1.09 (12 H. 1, J 
7.32), 1.69 (8 H, sextet, J 7.32), 
1.93 (8 H, quintet, J 7.32), 3.3 1 
(8 H, t, J 7.32), 7.81 (4 H, dd, J 
8.54, 1.83), 8.45 (4 H, brs), 8.53 
(4 H, d, J8.54), 9.97 (4 H, brs), 
10.02 (4 H, brs). 

PR4 BU4 

29 
297-299 
C82H98N8Si302S4 
C, 68.5; H, 6.6; N, 7.7; S. 8.9 
C, 68.4; H, 6.9; N, 7.8; S, 8.9 
1355, I080 
784 (5.7), 744 (4.8), 697 (4.8), 
357 (5.1) 

- 2.06 ( I2 H, m), -0.84 ( 1  2 H, m), - 

-0.27 ( I  8 H, t, J 7.32). I .09 ( I  2 
H, t, J 7.32). 1.69 (8 H, sextet, J 
7.32), 1.93 (8 H, quintet, J 7.32), 
3.31 (8 H, t ,  J7.32), 7.80 (4 H, 
dd,J8.54, 1.83), 8.45 (4 H, brs), 8.54 
(4 H, d, J 8.54), 9.96 (4 H, brs), 
10.00 (4 H, brs) 

26 
233- 234 
C88H 1 10N8Si302S4 
C, 69.2; H, 7.35; N, 7.2; S, 8.2 
C, 69.3; H, 7.3; N, 7.35; S, 8.4 
1 340, 1070 
784 (5.7), 744 (4.8), 697 (4.8), 357 
(5.1) 
2.03 (12 H, m), -0.97 (12 H, 
m), 0.00 (30 H, m), 1.08 (12 H, 1, 
J 7.32), 1.65 (8 H, sextet. J 7.32), 
1.92 (8 H, quintet J 7.32). 3.31 
(8 H, t, J 7.32), 7.80 (4 H, dd, J 
8.54, 1.83). 8.45 (4 H, brs). 8.52 
(4 H, d. J 8.54), 9.95 (4 H, brs), 
10.00 (4 H brs) 

Yanagimoto micro melting point apparatus and were un- constants are in Hz. Elemental analyses were performed at the 
corrected. The electronic absorption, fluorescence emission and microanalytical laboratory of the Sagamihara Chemical 
IR spectra were obtained using a Hitachi U-3410 spectrometer, Research Centre. Flash column chromatography was performed 
a Hitachi 850 fluorescence spectrometer, and a Hitachi 26&30 using Merck 60H silica gel. 
or a JEOL JIR-100 spectrometer, respectively. 'H NMR 
spectra were measured with a Hitachi R-250 spectrometer and Mciterici/s.-The synthetic procedure of route A has been 
chemical shifts were recorded in ppm downfield from fully described elsewhere." That of route B was as fol- 
tetramethylsilane as an internal standard (6 scale). Coupling lows. 
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Table 4 (rwntirtued) 

HE4 ET16 

45 
164-165 
C 1 O O H 1  34N8Si302S4 
C, 70.7; H, 7.7; N, 7.0; S, 8.0 
C, 71.0; H, 8.0; N, 6.6; S, 7.6 
1360, 1080 
784 (5.7), 744 (4.8), 697 (4.8), 
357 (5.1) 

-2.08(12H.m), -1 .00(12H, 
m), 0.06 ( 1  2 H, m), 0.23 ( I  2 H, 
mj, 0.43 ( I  8 H, m), 0.62 ( 1  2 H, 
m), 1.08 (12 H, t, J7.32), 1.65 
(8 H, sextet, J 7.32), 1.92 (8 H, 
quintet, J 7.32), 3.29 (8 H, t, J 
7.32), 7.80 (4 H, dd, J 8.54, 1.83), 
8.46 (4 H, brsj, 8.52 (4 H, d, J8.54), 
9.95 (4 H, brsj, 10.00 (4 H, brs). 

29 
238.5-239.5 
c1  24H182N8Si302S4 
C, 73.3; H, 9.1; N, 5.6; S, 6.0 
C, 73.4; H, 9.0; N, 5.5; S, 6.3 
1345,1075 
784 (5.7), 743 (4.8), 697 (4.8), 
358 (5.1) 

H, t, J 7.94), 0.86 (12 H, rn), 1.25 
(96 H, m), 1.64 (8 H, rn), 1.93 (8 
H, quintet, J 7.32), 3.29 (8 H, t, 
J 7.32), 7.81 (4 H, dd, J 8.85, 1.83), 
8.44 (4 H, brs), 8.53 (4 H, d, J 
8.85), 9.96 (4 H, brs), 10.02 (4 H, 
brs) 

-2.05(12H,q,J7.94), -1.01 (18 

PR6 ETMC 

31 
243-246 
C90H1 14N8Si302S4 
C, 69.45; H, 7.5; N, 7.2; S, 8.0 
C, 69.6; H, 7.4; N, 7.2; S, 8.3 
1360,1080 
784 (5.7), 744 (4.8), 697 (4.8), 
357 (5.1) 

- 2.06 ( 12 H, rn), -- 0.84 ( 12 H, 
m), -0.27 (18 H, t,J 7.32),0.98 
(12 H, m), 1.45 (16 H, m), 1.65 
(8 H, t, J 7.32j, 1.94 (8 H, 
quintet, J 7.32), 3.30 (8 H, t, J 
7.32). 7.80 (4 H, dd, J8.85, 1.52), 
8.45 (4 H. brs), 8.53 (4 H,d,  J8.85), 
9.96 (4 H, brs), 10.01 (4 H, brs). 

33 
> 300 

C, 69.6; H, 6.9; N, 7.2; S, 8.35 
C, 69.7; H, 6.8; N, 7.4; S, 8.5 
1350, I080 
784 (5.7), 743 (4.8), 697 (4.8), 
358 (5 .1 )  

'8BH I02N8Si302S4 

2.07 (12 H, q, J 7.94), - 1.01 ( I 8  
H, t, J 7.94), 0.98-2.35 (48 H, 
m), 3.9W.09 (4 H, m), 7.86 
(4 H, d d , J  8.85, 1.84), 8.53 (4 H, d, 
J 8.85), 8.55 (4 H, brs), 9.98 (4 H, 
brs), 10.03 (4 H, brs) 

PRMC BUMC 

77 
> 300 

C, 70.4; H, 7.2; N, 6.95; S, 8.1 
C, 70.5; H, 7.2; N, 7.0 S, 8.0 
1350, 1080 
784 (5.7), 744 (4.8), 697 (4.8), 
357 (5.1) 

- 2.06 (12 H, m), -0.85 (12 H, 
m), -0.26 ( 1  8 H, t, J 7.32), 
0.98-2.35 (48 H, m), 3.96-4.10 
(4 H, rn), 7.86 (4 H, d, J 8.85), 
8.53 (4 H, d, J 8.85), 8.55 (4 H, 
brs), 9.98 (4 H, brs), 10.03 (4 H, 
brs) 

C94H 1 1 4N8Si30,S4 

- 

34 
26&263 

C, 71.6; H. 7.65; N, 6.6 S, 7.3 
C, 71.3; H, 7.5; N, 6.7; S, 7.6 
1350, 1080 
784 (5.7), 743 (4.8), 697 (4.8), 
358 (5 .1 )  

'2.02 ( 12 H, m), -0.96 ( 12 H, rn), 
0.00 (30 H, m), 0.99-2.16 (48 H, m), 
3 . 9 9 4 1  1 (4 H, m), 7.86 (4 H, dd, 
J 8.85, 1.53), 8.54 (4 H, d, J 8.85). 
8.56 (4 H, brs), 9.97 (4 H, brs), 
10.01 (4 H, brs) 

C1OOH 1 26N8Si302S4 

Generul Procedure,for Preparation qf6- Alk~lthio-2,3-dic:~an~)- 
nuphthalrne 4b.-A mixture of cuprous alkylthiolate (160 
mmol) synthesized according to the known procedure12 and 6- 
bromo-2,3-dicyanonaphthalene1 (78 mmol) in quinoline (400 
cm3j and pyridine ( 1  30 cm3) was heated under reflux for 6 h. 
The reaction mixture was allowed to cool and then poured into 
a mixture of water (750 cm3) and methanol (750 cm3). The 
reddish brown solid was purified by chromatography on silica 
gel with toluene-chloroform solution as the eluent followed by 
recrystallization from toluene-hexane to  obtain the title 
conipound 4b as a colourless powder. 

P l i j ' s i t d  proptjrt ics i? f ' 6-ulky lth io- 2,3 -dicyanonaph t hcr l t w  4 b. 
6-Decylthio-2,3-dicyanonaphthalene. Yield 53"/;;, m.p. 1 17- 
118 C (Found: C ,  74.4; H, 7.5; N, 8.0; S, 9.15. CzzHz6N,S 
requires: C, 74.6; H, 7.3; N, 7.9; S, 9.1%); ~~, , ,~~(KBr)/cm- '  2200 
(CN); hH(250 M H z ;  CDCl,) 0.88 (3 H, t, J 6.7, SC,H,,- 

CH,), 1.27 (12 H, brs, SC3H,-C,HI2-CH3), 1.50 (2 H, m, 
SC2H,-CH2-C,H,,), 1.76 (2 H, quintet, J 7.32, SCHz- 

J8.55, 1.83, Ar-7-H), 7.65 ( 1  H ,  brs, Ar-5-H), 7.82 (1  H, d, J8.54, 
Ar-8-H), 8.19 ( 1  H, s, Ar-I-H) and 8.25 (1  H, s, Ar-4-H). 

6- H e . ~ ~ ~ l t h i o - 2 , 3 - d i c ~ ~ ~ ~ ~ ~ i ~ ~ t i a p i i ~ ~ i ~ ~ l c t i t ~ .  Yield 520<, m.p. 14 1 ~ 

requires: C, 73.4; H, 6.2; N, 9.5; S, 10.9"/,j; v,,,,,(KBr)/cm-' 
2230 (CN); (5,(250 MHz; CDCI,) 0.91 (3 H, t, J 7.32, SCSH,,- 
CH,), 1.3-1.4 (4 H, m, SC3H,-C2H4-CH3), 1.43-1.57 (2 H, m, 
SCzH4-CHz-C3H,), 1.76 (2 H, quintet, J 7.32, SCH2-CH,- 

1.52),7.64(1 H,brs),7.82(1 H,d,J8.54),8.19(1 H,s)and8.25 

6- But~~lthio-2,3-cliic~~~unonaphtlialt~nc~. Yield 70"(,, m.p. 1 34.5- 
136 "C (Found: C, 72.05; H, 5.2; N, 10.5; S, 12.1. C,,H,,N,S 

CHZ-C~HI, ) ,  3.09 (2 H, t, J7.32, S-CH,-CgH,g), 7.63 (1 H, dd, 

142.5 "c (Found: c, 73.9; H, 6.2; N, 9.3; s, 10.5. CI8H,,N2S 

C4H9), 3.09 (2 H, t, J7.32, S-CHz-C,H,,), 7.60(1 H,dd, J8.54, 

(1  H, s). 
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requires: C, 72.1; H, 5.3; N, 10.5; S, 12.0%); v,a,(KBr)/cm-l 
2210 (CN); 6,(250 MHz; CDCI,) 0.98 (3 H, t, J 7.32, SC,H,- 
CH,), 1.53 (2 H, sextet, J 7.32, SC2H,-CH,-CH,), 1.76 (2 H, 
quintet, J 7.32, SCH2-CH2-C2H5), 3.10 (2 H, t, J 7.32, S-CH,- 
C3H7), 7.62 (1 H, dd, J8.54, 1.83), 7.64 (1 H, brs), 7.82 (1 H, d, J 
8.54), 8.19 (1 H, s) and 8.25 (1 H, s). 

6-He.xadecylthio-2,3-dicyanonaphthalene. Yield 58%, m.p. 
120-121 'C (Found: 77.45; H, 8.9; N, 6.4; S, 7.5. C2EH3EN,S 
requires: C,77.4; H, 8.8; N, 6.4; S, 7.4%); v,,,(KBr)/cm-' 2200 

CH,), 1.25 (24 H, brs, SC,H,-C,,H,,-CH,), 1.50 (2 H, m, 
SC2H4-CH2-C13H2,), 1.76 (2 H, quintet, J 7.32, SCH,-CH2- 

8.55,1.83),7.64(1 H,brs),7.82(1 H,d,J8.55),8.19(1 H,s)and 
8.25 (1 H, s). 

6-(4-Meth~lc~clohexyl)thio-2,3-dicyanonaphthalene. Yield 
46%, m.p. 129-131 "C (Found: C, 74.3; H, 6 . 0  N, 9 . 0  S, 10.4. 
Cl9Hl8N2S requires: C, 74.5; H, 5.9; N, 9.1; S, 10.5%); 
v,,,(KBr)/cm-' 2220 (CN); 6,(250 MHz; CDCI,) 0.95 (3 
H, m, SCH(C2H4),CH(CH3), 1.08 (1 H, m, SCH(C2H,),CH- 
Me), 1.3-2.1 (8 H, m, SCH(C2H,),CH-Me), 3.79-3.92 (1 H, m, 
S-CH(C2H,),CH-CH3), 7.65 ( 1  H, d, J 8.54), 7.73 ( 1  H, brs), 
7.83 (1 H, d, J8.54), 8.19 ( 1  H, s) and 8.25 ( 1  H, s). 

(CN); SH(250 MHz; CDCI,) 0.88 (3 H, t, J 6.7, SClsH3,- 

C14H29), 3.09 (2 H, t, J7.32, S-CH,-CISH31), 7.62 (1 H, dd, J 

General Procedure for Preparation of Dihydroxysilicon 
Naphthaloc)fanine Derivatives 7b.-Preparation of 6-alkylthio- 
1,3-diiminobenz[f]isoindoline 5b. Compound 4b (34 mmol) was 
added to a methanol solution of sodium methoxide prepared by 
dissolving sodium (74 mmol) in absolute methanol (70 cm3). 
The mixture was heated under reflux for 2 h with bubbling of 
anhydrous NH, and then allowed to cool. The solid 
precipitated was filtered, washed with ethanol and then hexane, 
and dried in uucuo to obtain a yellow solid (yield ~ 8 5 % ) .  The 
yellow solid was confirmed to consist of mainly the title 
compound 5b by its IR spectrum [v,,,(KBr)/crn-' 3200 (NH), 
3350 (NH) and 1470 (-C=N-)] and was used for the subsequent 
reaction without further purification. 

Prepuration oj'C1,SiNc(SR2), 6b. A mixture of compound 5b 
(27.2 mmol) and SiCI, (130 mmol) in dry quinoline (100 cm3) 
was heated at 220°C for 3 h and then allowed to cool. The 
reaction mixture was poured into methanol (500 cm3). The 
precipitated solid was filtered, washed with ethanol, and dried in 
uucuo to obtain a green solid (yield > 88%). The green solid was 
confirmed to consist of mainly the title compound 6 b  by its 
electronic absorption spectrum [;.,,,(THF)/nm 835) and was 
used for the subsequent reaction without further purification. 

Preparation c?J'(HO),SiNc(SR'), 7b.  A mixture of compound 
6b  (6.69 mmol), ethanol (200 cm3) and concentrated aqueous 
ammonia (200 cm3) was heated under reflux for 3 h and then 
allowed to cool. The solid was filtered, washed with ethanol and 
dried in uucuo to obtain a dark green solid (yield quantitative). 
The dark green solid was confirmed to consist of mainly the title 
compound 7 b  by its electronic absorption spectrum [;.,,,- 
(THF)/nm 784) and was used for subsequent reaction without 
further purification. 

General Procedure f iw Preparation qf (R ' ,SiO),SiNc(SR2), 
1.-A mixture of (H0)2SiNc(SR2), 7b,  reagents and additives 
in the solvents described in Table 3 was heated. After cooling, 
the reaction mixture was poured into methanol. The precipit- 
ated green solid was filtered, washed with methanol and dried in 
vacuo. The solid was purified by column chromatography on 
silica gel followed by recrystallization to obtain the title 
compound 1 as a green powder. Detailed reaction conditions are 
summarized in Table 3. The physical properties of 1 are 
summarized in Table 4. The physical properties of ET10, PR10, 
PR12, PR14, PR16, BUlO and BU12 are fully described 
elsewhere.' 

Preparation of Thin Solid Films.-Solutions (1.0 wt%, 0.5 
cm3) of 1 in tetrahydrofuran were dropped onto a pyrex glass 
plate of 1.2 mm thickness and then spin-coated using an ABLE 
ASS-300 spinner (lst, lo00 rpm x 10 s; 2nd, 2000 rpm x 10 s) 
at 20 "C. The thickness of the films were confirmed to be in the 
range 70&1o00 A using a Sloan Dektak 3030 surface profiler. 
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