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ABSTRACT 

The title compounds were obtained by the reaction of  
I -aryl-3-trimethylsilyl-l,3-diaza-2-thiaallenes with di- 
chloromonosulfane or 1 -aryl-4-(1 -phtalimidyl)-l,3- 
diaza-2,4-dithia-l,2-butadienes in the presence ofCsF. 
The latter route also afforded nonsyinmetric deriva- 
tives. In contrast, the reaction of N,N,N',N'-tetra- 
kis(trimethylsi1yl)diaininosulfane with S,S-dichlo- 
ro-N-auyliminosulfuranes ( I  :2) led to 1 J-bis(aryl)- 
I ,3-diaza-2-thiaallenes and cyclotetra(azathiene). As 
shown bv the X-ray structure analysis, the molecule 
of the title compound with Ar = Ph is planar, with 
configuration of the azathiene chain being similar to 
that of'polv(azathiene) (SN),. The MNDO calculations 
indicate that most of the IT-MOs ofthis compound, 
including the frontier ones, are delocalized throughout 
the whole molecule. The data obtained confirm the 
possibilitv o f  creating molecular wire for molecular 
electronic devices on the basis of extended acvclic aza- 
thienes. An  attempt to synthesize more extended com- 
pounds than the title ones resulted in spontaneous 
shortening of their azathiene chains. 

INTRODUCTION 
The molecular logical "NO-AND'' element (NAND 
gate) suggested in [ 11 topologically represents mac- 
romolecules of the poly(azathiene) (SN), with in- 
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tegrated organic groups; functionally the azathiene 
fragments are designed to serve as molecular wire 
linking the elements of a molecular electronic de- 
vice (MED). However, the conducting properties of 
( S N ) ,  crystals [2] should not be transferred to in- 
dividual macromolecules, as has been done in [l],  
because of the instability of the metallic state in 
one-dimensional systems. Moreover, the metallic 
state of ( S N ) ,  is due to the presence of a certain 
translational symmetry element in a unit cell of a 
crystal [3]. Breakdown of the required symmetry 
on passing from (SN), to its derivatives causes de- 
struction of the metallic state, with all known 
poly(organoazathienes) [4-91 being insulators but 
not metals. By consideration of azatliiene com- 
pounds, modelling elementary units of these poly- 
mers has shown that the conversion of (SN), to its 
analogues with integrated organic groups is accom- 
panied by substantial variations in the configura- 
tion of the sulfur-nitrogen fragment of the mole- 
cules and in the manner of their packing in a crystal 
[lo-171. The electronic structure of extended olig- 
omer analogues of ( S N ) ,  is practically uninvesti- 
gated [ 18,191. Thus, the applicability of azathiene 
chains as molecular wire has not been adequately 
substantiated. 

The aim of our present work is the investigation 
of rational methods of synthesis, as well as the crys- 
tal, molecular, and IT-electronic structure of 1,7- 
bis(ary1)- 1,3,5,7-tetraaza- 2,4,6-trithia- 1,2,5,6-hepta- 
tetraenes [20]. These model compounds contain 
an oligomer azathiene chain and organic groups ca- 
pable of conjugation with the chain. We have also 
attempted synthesis of more extended azathienes. 
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RESULTS AND DISCUSSION 
Synthesis 
There are several rational approaches to the syn- 
thesis of the required compounds, for example, 1) 
the reaction of S,S-dihalo-N-aryliminosulfuranes 
with N,N,N’,N’-tetrakis(trimethylsily1)diaminosul- 
fane, which also affords nonsymmetric deriva- 
tives, and 2) the reaction of 1-aryl-3-trimethylsilyl- 
1,3-diaza-2-thiaalIenes with dichloromonosulfane. 
It appeared, however, that the main products of the 
reaction of N,N,N‘,N’-tetrakis(trimethylsily1)dia- 
minosulfane (1) with S,S-dichloro-N-ary limino- 
sulfuranes (2) at the reagent ratio 1 :2 were 1,3-bis- 
(ary1)- 1,3-diaza-2-thiaallenes (3) and cyclotetra(aza- 
thiene) (4) (Scheme 1). Only in the case of 2a was 
1,7- bis(pentafluoropheny1)- 1,3,5,7- tetraaza- 2,4,6-tri- 
thia- 1,2,5,6-heptatetraene (5a) isolated from the 
reaction mixture in 7% yield. At the reagent ratio 
1:1, the reaction of 1 with 2 also led to 3, whereas 
4 was not formed in this case. 

1 -Aryl-4-trimethylsilyl- 1,3-diaza-2-thiaallenes 
(7), the starting compounds in the second approach, 
were obtained by the reaction of N-sulfinylarylam- 
ines (8) with lithium N,N-bis(trimethylsily1)amide 
(9) or 1 ,1 ,1-trimethyl-N,N-bis(trimethylsily1)-stan- 
naneamine (10) (Scheme 2). In general, this re- 
action led either to 7 or 3, or to their mixture. Other 
reaction products were 1,3-bis(trimethylsilyl)-l,3- 
diaza-2-thiaallene (6) and hexamethylsilstanoxane 
(12), or hexamethyldisiloxane (13). The reaction of 
7 with dichloromonosulfane in the ratio of 2:l led 
to 1,7-bis(ary1)-1,3,5,7-tetraaza-2,4,6-trithia- 1,2,5,6- 
heptatetraenes (5) in high yields (Scheme 3). 

This method, however, does not afford nonsym- 
metric derivatives. In addition, its use for the syn- 
thesis of more extended azathienes via generation 
of unstable intermediates (see, e.g., Scheme 4) is 
inefficient [22]. 

The difficulties are partially eliminated by us- 
ing a leaving group other than C1 in these reactions; 
for example, 1-phthalimidyl. The starting aza- 

X + (ArN=S=N-I2S 

1 :2 

ArN=SC12 
2a-c * (ArN=)2S + (SNh 

[(Me3Si)2N-M - MelSiC, 3a-c 4 
1 

(ArN=)2S 

I : 1  

X - ArN=S=N-S-N(SiMe3)2 
For a, b, c, . . . , see Scheme 2 

SCHEME 1 

LiN(SiMe3I2 

ArN=S=NSiMe3 + (ArN=I2S + (Me3SiN=)2S 
7c,d,e, j 3a,c,€-i,k 6 

ArNSO -( 
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SClZ 
ArN=S=NSiMe3 - ArN=S=N-S-N=S=NAr 

SCHEME 3 

- Me3SiC1 
7a,d,e, 1.n 5a,d,e, jm 

6 SCl, 

-70°C; EtZO 
ArN=S=NSiMe3 - [ArN=S=N-SCI] - X- (ArN= S= N - S - N =)2S 

-70°C; EtzO 7a.d. i 
SCHEME 4 

thienes containing a 1-phthalimidyl group were 
synthesized by using 1 -phthalimidylsulfenyl chlo- 
ride (14) as shown in Scheme 5. Co pounds 17 are 

unlike them, these compounds are quite stable. 
Attempted synthesis of 1 -phthalimidyl aza- 

thienes that are more extended than 15-17 by the 
reaction of 14 with 1,7-bis(trimethylsily1)-1,3,5,7- 
tetraaza-2,4,6-trithia-l,2,5,6-heptatetraene (19) led 
to compound 16 in the reagent ratio of 2:1, and to 
phthalimide and 4 in the ratio 1: 1. Compound 16 
was also obtained in the reaction of 15 with di- 
chloromono- and disulfanes (Scheme 6). 

Substitution of the 1-phthalimidyl group in 
15-17 under the action of 7 proceeds in acetonitrile 
in the presence of CsF. Thus, the reaction of 17d 
with 7d,j under these conditions led to the sym- 
metric 5d and nonsymmetric 20 azathienes respec- 
tively. The reaction of 16 and 7d led to 5d, and that 
of 17j and 6 to 7j (Scheme 7). The identified prod- 
ucts of the reaction of 17d and 19 are phthalimide 
and 4. Though the fluoride ion-catalyzed desilyla- 
tion of N-trimethylsilyl derivatives proceeds easily, 

the analogues of the intermediates o 7 Scheme 4, but 

it is unlikely that it takes place at the first stage of 
these reactions. The 'H NMR spectra of reaction 
mixtures show that the 1-phthalimidyl group leaves 
azathiene molecules in the form of N-trimethylsi- 
lylphthalimide (21). The latter is subsequently de- 
silylated; phthalimide was isolated in all cases. 

Thus, the presence of 1-phthalimidyl in the 
leaving group allows synthesis of nonsymmetric 
azathienes of type 20. At the same time, an attempt 
to synthesize azathienes that were more extended 
than 5 and 20 failed. They are possibly formed as 
intermediates (see Schemes 6 and 7), but are trans- 
formed into the final products after eliminating part 
of the sulfur and nitrogen moieties. Apart from the 
indirect data, there is direct evidence of sponta- 
neous shortening of extended sulfur-nitrogen chains. 
Thus, azathiene 19, which is stable in the solid state, 
in alkane solutions, and even in a melt [24], is con- 
verted in acetonitrile solution at  -20°C to other 
compounds, of which 4 and 6 were identified [25]. 
Formation of the latter may be represented as shown 
in Scheme 8. 

The data available suggest that azathienes of 

R-S-N=S=NSiMe3 (Me3SiN=),S 
6 15 

(R-S-N=)2S 
16 SOZClZ 

RSSR - RSCl 
18 14 ArN=S=NSiMe3 

7a,d,j 
ArN=S=N-S-R 

17a,d, j 
R = 1-phthalimidyl 

SCHEME 5 

(Me3SiN=S=N-)2S 

[R-(-S-N=S=N-)2-SiMe3] - (SN), I_ -RH 
u 

SxC1, [(R-S-N=S=N--)2Sx] (R-S-N=)2S 
R-S-N=S=NSiMe3 - 16 

R = 1-phthalimidyl; x = 1, 2 
15 

SCHEME 6 
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Ar'N=S=NSiMe3 
ArN=S=N-S-R + ArN=S=N-S-N=S=NAr' 

20, Ar = C6Hs. Ar' = 2.6-(CH3)C6H3 

CsF'MeCN 5d, Ar = Ar' = C6Hs 17d,j 

ArN=S=NSiMe3 
7d 

CsFlMeCN (R-S-N=)2S ' [(ArN=S=N-S-N=),S] - (ArN=S=N-)2S 
16 5d 

6 

CsF/MeCN 
ArN=S=N-S-R [Ar-N=S=N-S-N=S=NSiMeJ - ArN=S=NSiMe3 

7j 17j 
R = 1-phthalimidyl 

SCHEME 7 

9 [(SN),I __* (W, 
I II 

(Me3SiN=S=N-)2S - [Me3SiN=S=N.. ,N 1 
* . s ~ M ~ ~  -(Me3SiN=)*S 4 

6 
19 

SCHEME 8 

type 5, 19, and 20, as well as more extended ones, 
are the kinetic products, whereas the shorter aza- 
thienes, such as 3,6, and 7 ,  are the thermodynamic 
products. Ease of conversion of the former to the 
latter obviously depends on the length and struc- 
ture of the azathiene chain and the organic groups 
in its appositions. 

Crystal, Molecular, and rr-Electronic Structure 
According to the X-ray structure analysis data (Fig- 
ures 1 and 2; Tables 1 and 2), 5d exists in the crystal 
state as a planar Z,E,Z,E-isomer. The nonhydrogen 
atoms of the molecule lie in the same plane within 
k0.14 4; the azathiene fragment is planar within 
20.05 A. The distances S'-N', S'-N2, S3-N3, and 
S3-N4 are close to the value of 1.53-1.56 A, which 
is attributed to the S=N double bond [13]. The 
S2-N2 and S2-N3 distances are larger, though still 
markedly smaller than 1.76 A, which is the length 

of the ordinary S-N bond [13]. Comparison of the 
geometrical characteristics of acyclic azathiene 
molecules [lo-171 shows that inequality of the SN 
bonds is typical. Moreover, even in (SN),, where the 
S N  bonds are nearly identical, they are not exactly 
equal to each other [2]. The configuration of the 
azathiene chain of the 5d molecule is similar to that 
of the (SN), macromolecules [2], and significantly 
different from that of the E,Z,Z,E-isomers of 1,7- 
bis(tert-buty1)- and 1,7-bis(phenylsulfony1)-1,3,5,7- 
tetraaza-2,4,6-trithia- 1,2,5,6-heptatetraenes [ 16, 171, 
as well as A!,"-disulfinyldiaminosulfane [26]. 

The molecule of 5d contains the secondary in- 
tramolecular bonds S .  * *N, S -  - .H, and N. - -H. 
Thus, the N2. - *H6 distance is equal to 2.54 A com- 
pared to 2.64 A for the ordinary N. * .H contact 271. 
The length of C6-H6 in this case, at 0.65(9) 6, is 
very small; if it is increased to 1 A, the N2. * *H6 
length will be reduced to 2.32 A. The N2- * *H6 in- 
teraction seems to be the cause of the increased 

FIGURE 1 The molecular geometry of 1,7-bis(phenyl)-l,3,5,7-tetraaza-2,4,6-trithia-l,2,5,6-heptatetraene, !id (for bond 
angles see Table 2). Estimated standard deviations are: SN 0.007 A, NC 0.010 A, CC 0.01 1-0.01 5 A. 
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a 

FIGURE 2 Packing of 1,7-bis(phenyl)-l,3,5,7-tetraaza-2,4,6-trithia-l,2,5,6-heptatetraene (5d) molecules in a crystal. 

bond angles at C’ and N’ as compared to the angles 
at C7 and N4 (Table 2). A similar fragment in the 
molecules of 3e and the 4,4’-diphenyl derivative of 
3d has an identical structure, despite the aromatic 
rings being turned around the C-N bonds [lo, 113. 
Another weak hydrogen bond C12-H’2. * * S 3  has 
distances 0.93(8) A and 2.77 A, respettively (the sum 
of the van der Waals radii of S and H atoms is equal 
to 2.94 A [27]). The S’. - -N3 and S2* * *N4 distances 
are equal to 2.94 A and 2.81 A, respectively. Of 
intermolecular contacts, only the S3- * a s 3  one 
( - x ,  2 - y ,  -z) is reduced to 3.60 A. This exceeds 
by 0.12 A the distance between the sulfur atoms of 
adjacent macromolecules in the (SN), crystal [2]. 

TABLE 1 Atomic Coordinates ( x  lo4) of 5d Moleculea 

C 

The MNDO calculations carried out for the ex- 
perimental geometry of 5d molecule show that only 
6 out of 15 of the most tightly bound T-MOs are 
localized on separate molecular fragments: la” and 
2a” on the azathiene chain, 8a”, 9a”, 14a”, and 15a” 
on the phenyl rings. The remaining 9 T-MOs, in- 
cluding the HOMO l la”  and the LUMO 12a”, are 
delocalized throughout the whole molecule (Table 
3). The simplified analysis of orbital structure in 
terms of the fragmentary approach enables one to 
estimate the efficiency of intramolecular interac- 
tions leading to formation of T-MOs over the whole 
molecule of 5d. Thus, the energy difference between 
MOs 6a” and loaf’, corresponding to the bonding 

Atom 

S’ 
s3 
N2 
N4 
C2 
c4 

C6 
C8 
C’O 
C’2 
H6 

X Y L Atom 

2321 (2) 

21 52(5) 

4524(7) 
5184(9) 
3781 (1 0) 

- 0247(2) 

- 0285(5) 

- 0996(7) 
- 241 3(8) 
- 1774(7) 
3450(72) 

1840(6) 
7988(6) 
31 32( 15) 
9451 (1 5) 

- 3398(22) 
- 4075(28) 
- 0957(29) 
12543( 19) 
15458(23) 
12424(20) 
- 01 18(227) 

1623( 1 ) 
0566( 1 ) 
21 88(4) 
1 188(4) 
2847(6) 
4174(7) 
3338( 7 ) 
1588(5) 
071 l(7) 
0232(5) 
3299(61) 

S2 
N’ 
N3 
C’ 
c3 
c5 
c7 
c9 

C” 

H“ 

~ 

X 

1297(2) 
3166(5) 
0658(5) 
3806(6) 
51 95(8) 
4478(9) 

- 101 6(6) 
- 1673(7) 
- 2472(7) 

- 1 860( 62) 

~~ ~~ 

- Y 

5521 (5) 
- 0395( 1 7) 
5859( 1 6) 

- 1 529( 19) 
- 461 O(30) 
- 2259(25) 
1 1446( 17) 
14487(22) 
14328(25) 

1 1 672( 194) 

2 

1939( 1 ) 
1986(4) 
0990(4) 
2735(5) 
3558(7) 
4058(6) 
0986(4) 
1459(6) 
01 OO(6) 

.0133(49) 

Estimated standard deviations are in parentheses. 
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TABLE 2 Bond Angles (") in a Molecule of 5da 

N2S'N' 1 15.3(4) N3S2N2 104.2(3) N4S3N3 108.6(4) 
C'N'S' 131.8(6) S2N2S' 124.4(4) S3N3S2 1 1  6.6(4) 
C7N4S3 121.9(5) C2C'N' 114.2(7) C V N '  125.9(9) 
C 6 C V  1 19.9(9) C3C'C' 1 19.4( 10) C4C3C2 121.8(12) 
CSC4C3 118.4(11) C6C5C4 121.4(11) C5C6C' 119.1(12) 
C8C7N4 1 1  6.9(7) C"C7N4 126.1 (7) C'2C7C8 117.1(8) 
C9CBC' 121.9(9) C'OC9C8 120.3(10) C"C'°Cg 118.9(10) 
C12C"C'o 120.6(10) C''C'2C7 121.0(9) 

a Estimated standard deviations are in parentheses. 

and antibonding combinations of the same set of 
fragment orbitals, is 2.29 eV; in another similar 
case, the energy difference between MOs 3a" and 
5af' is 1.52 eV (Table 3). 

Thus, the molecular geometry and n--electronic 
structure of 5d show that creation of a molecular 
wire for MED on the basis of extended azathienes 
is really possible. In the future, we are planning the 
syntheses of compounds 5 containing stable radi- 
cals as ring substituents, and experimental ESR 
studies on their intramolecular electron conductiv- 
ity. 

EXPERIMENTAL 
The 'H and 19F NMR spectra were recorded on a 
Varian A56160A spectrometer (60 and 56.4 MHz re- 
spectively, internal standards HMDs and C6F6). The 
I3C, 14N, 15N, and '19Sn NMR spectra were recorded 
on a Bruker CXP-300 spectrometer (75.46, 21.26, 
30.42, and 1 1 1.83 MHz respectively: the standards 
were internal TMS, external MeN02, and Me4Sn; 
the nitrogen NMR chemical shifts are given relative 
to NH3). The 29Si NMR spectra were recorded on 

Bruker AM-400 and CXP-300 spectrometers (79.50 
and 59.62 MHz, respectively, internal standard TMS). 
Mass spectra (EI, 70 eV) were recorded on a Fin- 
nigan MAT MS-8200 instrument. The UV-visible 
spectra were collected on Beckman DU-8 and Spe- 
cord M40 spectrometers, and the IR spectra on an 
IR-75 instrument. 

Thermogravimetric measurements were car- 
ried out on a MOM derivatograph, He, 10"C/min. 
The GLC analysis was fulfilled on an LKM-72 chro- 
matograph (5O-27O0C), 4000 x 4 mm, SKTEW-803 
on a Chromosorb W, 15:100, He, 60 mL/min. 

The X-ray structure analysis was carried out on 
a Syntex P2' diffractometer using the MoK, radia- 
tion with graphite monochromator. The crystals of 
5d are mopoclinic: a = 17.183(6), b = 4.623(1), c = 
21.827(8) A, /3 = 128.1 1(2)", space group P2'/c, Z = 
4, D, = 1.49 g/cm3. The intensities of 1811 inde- 
pendent reflections were measured by the 20/0 scan- 
ning method in the 20 < 50" range; 1435 reflections 
with I > 2u were used in calculations without cor- 
rection on absorption (p  = 5.2 cm- I ) .  The structure 
was solved by the heavy atom method using the 
SHELXS-86 program. The H atom positions were 

TABLE 3 MNDO Data on the 7r-Electronic Structure of a Molecule of 5d 

T-MOS -E, eVa PMOS Compositionb 

1 a" 
2a" 
3a" 
4a" 
5a" 
6a" 
7a" 
8a" 
9a" 

1 Oa" 
1 1 a" (HOMO) 
12a" (LUMO) 
13a" 
14a" 
15a" 

15.25 
14.75 
13.38 
12.86 
1 1.86 
1 1.03 
9.80 
9.72 
9.41 
8.74 
7.73 
2.27 
1.50 
0.12 

- 0.45 

l7r + ?rs + 17r' 
17r - 17r' 
anu + 27r + 7rs + 2 ~ '  + 
an" + 27r - 2 ~ '  + a'2u 
an,, - 27r + 7rs + 27r' - aI2, 

elgS + 27r - 27r' + elgS' 
elgA + 27r - 7rS - 27r' + elgS' 
e 'A  
ergA' 
ergs - 27r - 27r' - elas' 
elgS - 27r - 7rs - 27r - elgS' 
enuS + 37r - 7rs + 37r' + eZuS' 
enuS + 37r - 7rs - 3 d  + eZuS' 
enuA 
eZuAr 

a The one-electron energy of MO with an opposite sign. 
The 1 T, 2m, and 3~ are the quasiallyl rrorbitals of the -N=S=N- fragment (the bonding, 

nonbonding, and antibonding ones, respectively). aZu, et,S, e,,A, eZuS. and eZu A are the group 
r-orbitals of the phenyl rings correlating with PMOS of benzene la2,, 1ejg, and le2, respectively. 
?rS is the 3p-A0 of the sulfur atom S2. 
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calculated geometrically. Final structure refine- 
ment was carried out by the least squares method 
in the block-diagonal anisotropic-isotropic (for H 
atoms) approximation to R = 0.0774, R ,  = 0.0791, 
where w- '  = a2 + 0.000436 F2. 

The MNDO calculations were performed using 
the AMPAC program (the ES version [28]). 

Compounds 3a-e, 4, Sa, 6, 7d, 12, 13, 21 were 
identified on the basis of the data reported in Refs. 

TABLE 4 The Compounds Synthesized 

Found ("h) 
mP ("Ch (calculated) 

Yield 
Compound ("Clmm) YO Formula C H N S NCI 

bP 

31 

39 

3i 

3k 

31 

3P 
5d 

5e 

5i 

5n 

7a 

7c 

7e 

7i 

7m 

7n 

70 

7P 
llj 

14 

15 

16 

17a 

17d 

1 7j 

20 

94-95 

1 17-1 18 

176-177 

137-1 38 

108- 109 

80-82 
84-85 

106-107 

87-88 

90-91 

78-7912 

14511, 
51 -53 
83-8410.1 

80-81 I1 

80-81 I2 

83-8412 

85-8612 

9812 
99-1 0012 

138-139 

76-77 

196-197 

181-183 

177-179 

141-142 

58-60 

(decomp.) 

56 

80 

64 

74 

50 

19 
70 

86 

70 

57 

65 

26 

65 

63 

50 

85 

40 

58 
25 

55 

65 

80 

60 

80 

75 

11  

57.8 
(57.6 
30.7 
(30.9 
79.8 
(80.0 
40.7 
(40.9 
50.0 
(50.4 

46.9 
(47.1 
50.1 
(50.3 
52.7 
(53.0 
28.8 
(28.7 
36.2 
(36.0 
42.1 
(42.4 
54.2 
(54.1 
55.2 
(55.5 
38.2 
(38.3 
34.5 
(34.3 
40.7 
(40.5 

40.2 
(40.2 
45.6 
(45.0 
42.4 
(42.4 
46.3 
(46.2 
41.8 
(41.5 
53.6 
(53.3 
56.2 
(56.0 
50.3 
(50.3 

3.1 
3.2 
1.4 
1.7 
4.4 
4.6 
1.5 
1.7 
2.2 
2.1 

3.0 
3.3 
3.9 
4.2 
5.0 
5.0 

3.0 
3.0 
5.0 
5.1 
6.6 
6.3 
7.6 
7.6 
3.4 
3.6 
3.0 
2.6 
4.0 
4.1 

5.6 
5.5 
2.0 
1.9 
4.1 
4.2 
1.9 
1.9 
1 .o 
1 .o 
2.9 
2.9 
3.8 
3.8 
4.0 
4.2 

11.2 
11.2 
5.9 
6.0 
7.2 
7.2 
7.9 
8.0 
9.6 
9.8 

18.4 
18.3 
16.6 
16.8 
15.4 
15.5 
9.6 
9.6 
9.0 
9.3 
16.0 
16.5 
12.5 
12.6 
11.7 
11.8 
9.7 
9.9 
7.7 
8.0 
9.0 
9.5 

8.2 
8.5 
6.6 
6.6 
13.5 
13.5 
13.8 
13.5 
10.4 
10.4 
13.3 
13.3 
12.0 
12.2 
16.8 
16.8 

12.7 
12.8 
7.1 
6.9) 
8.4 
8.2) 
8.5 
9.1 
11.2 
11.2 

31 .O 
31.4) 
28.6 
28.7) 
26.4 
26.5) 
16.3 
16.4 
10.6 
10.7 
12.5 
12.5) 
14.4 
14.5) 
13.6 
13.5) 
11.1 
11.4 
8.8 
9.1 
10.5 
10.8 

9.6 
9.7) 
14.5 
15.0 
20.4 
20.6) 
23.4 
23.1) 
16.0 
15.8 
20.2 
20.3) 
18.2 
18.7) 
29.0 
28.7) 

14.9 
15.2) 

40.1 
40.3) 
26.9 
26.6) 

45.1 
45.4) 
31.7 
31.7) 

26.9 
27.0) 
38.1 

25.4 
25.7) 

38.0) 

16.8 
16.6) 

23.5 
23.5) 

M + , m/z, measured (calculated): 3p, 513.8061 (513.8022, 79Br); 7c, 255.0451 (255.0498): 71, 238.0955 (238.0960); 7p, 359.9379 

M, ebullioscopy in CHCb, measured (calculated): 303 (306). 
(359.9376, "Br); 20, 334.0384 (334.0381). 
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TABLE 5 NMR and UV-Visible Data 

NMR" U V-visible 
A,,, nm, 

Compound 8' H S19F S Other Nuclei (19 E l b  

1 
3f 

3i 
3k 
31 
3P 
5a 
5d 
5e 

5n 
6 
7a 
7c 
7d 

7e 

7m 
7n 
70 
7P 
10 

llj 
14 
15 
16 
1 7a 
17d 
17j 
19 
20 
21 

39 

5i 

7i 

0.18 

6.91" 
7.22-6.41 

7.26" 
7.16", 2.34, 0.29 
6.82. 2.03 

0.21 
0.19 
8.41 -7.70, 0.42 
7.46", 0.16 

7.03", 1.99, 0.06 
6.83", 2.03, -0.18 
6.77, 0.13 
0.19 
2.15, 0.13 
0.18 
0.25d. 0.06 

6.87, 2.05, 0.09' 
7.95" 
7.85", 0.19 
7.87" 
7.90" 
7.86", 7.21" 
7.78", 7.00, 2.25 
0.29 

7.69, 0.43 
7.32-6.80, 2.1 3 

48.4 

45.8 
29.6, 22.7 
17.3, 3.9, -0.2 

106.3, 21.3, 18.4 

18.8, 1.7, - 1.1 

22.7, 17.7 

17.8, 16.9 
107.2, 20.9, 19.7 

27.5. 19.3 

1.57 (13C), 13.1 (15N), 9.3 

121.3, 129.1, 126.6, 145.0 (13C) 

323 (14N), 0.5 (=a) 
317, 268 (14N), 5.8 (=Si) 
369, 320, 294 (I4N), 6.7 (=Si) 
124.5, 128.8, 126.9, 145.4, 1.1 

(13C), 3.3 (29Si) 

314, 290 (14N), 1.0 (=Si) 

328, 266 (14N), 7.4 (=Si) 

24 (14N), 1.6 (29Si), 53.3 
( 19Sn)" 

5.4 (29Si) 

16.4, 2.5, -0.6 

5.6 (29Si) 

17.8, 13.0 ('gSi)g 

<200 
426( 3.94) 
442(4.18) 
486( 4.39) 
407(3.15) 
41 6(3.34) 
41 l(3.86) 
526(4.35) 
522(4.31) 
530( 4.34) 
451 (4.02) 
529(4.35) 
273(4.07) 
325(3.61) 
339(4.22) 
332(4.03) 

335(4.09) 
382(2.86) 
326( 3.54) 
31 8(3.67) 
332( 3.62) 
323(3.63) 

325(3.04) 
304(3.31) 
344(4.20) 
400( 3.76) 
41 5(4.24) 
421 (4.02) 
41 7(3.45) 
488(3.52) 
507(419) 

a Solvents: 'H, 1, 3k, 6, 19, 20: CDC13; 31: CH3CN; 5d, 14-17a,d,j: CHzCIz; 53, 7c, l l j ,  21: CC14; 7a,d,e,j,m-p, 10: neat liquids. 
lsF, 3f,p: CCI4; 31: CH3CN; 5a,n: CHCb; 17a: CYCh; 7a,m-p: neat liquids. 13C, CHC13. 14N, 15N, 1: CCI4; 6,7a,c,n: CHC13; 7j, 10: 
CDCL. =Si, 1, 6, 7a,c,d,n, 10, 19: CHCI3; 73, 15, 21: CDCI3. ll9Sn, CHC13. 

Solvents: 1, 3f,k,l,p, 4, 7a,c,e,j,m,n,p, l l j ,  15, 20: heptane; the remaining ones: CHC13. 
" Center of the multiplet. 

J (lH-llSSn) 56 Hz, J ('H-ll'Sn) 54.5 Hz. 
J (lrgSn--'H) 54 2 3 Hz. 

' J (lH-'l9Sn) 59.5 Hz, J (lH--"'Sn) 57.5 Hz. 
Equilibrium 

0 p 

'0 0-SiMe3 

L21, 29-37]. The data for compounds synthesized 
for the first time are listed in Tables 4 and 5. 

The starting compounds were synthesized by 
the procedures: 1 [38], 2a [311,2b,c [391, 6 1341, 8 

diately before use. The reagents were added drop- 
wise, and the solvents were distilled off from the 
reaction mixtures at reduced pressure. 

[401,18 [411, 19 [421. Compound 10 in an 80% yield 
was obtained by analogy with Refa [431 by heating 
a 1:l mixture of 9 and MezSnCl for 3 h at 120°C. 

The syntheses described below were performed 
in absolute solvents and, except for 14, in an argon 
atmosphere. Cesium fluoride was calcined imme- 

Reaction o f ~ , ~ , ~ ~ , ~ ~ - ~ e t y a ~ i s ( t y i r n e t h y l s i l y l ) -  
diarninosu/fane (1) with s , s - D ~ ~ ~ ~ ~ ~ ~ - N -  
avylirninosulfuranes (2a-c) 
a) A solution of 0.01 mol of 2 in 15 mL of EtZO was 
added to a stirred solution of 1.76 g (0.005 mol) of 
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1 in 25 mL of Et20 at 20°C. After 2 h the solvent 
was distilled off. 

2a: The solid residue was sublimed in vacuum 
at 1 mm; at 40-45”C, 1,3-bis(pentafluorophenyl)- 
1,3-diaza-2-thiaallene (3a, purified by resublima- 
tion, 1.58 g); at 80-85”C, a mixture of cyclotet- 
ra(azathiene) (4) and 1,7-bis(pentafluorophenyl)- 
1,3,5,7- tetraaza-2,4,6-trithia- 1,2,5,6-heptatetraene 
(5a). Compound 5a was extracted with Ccl4, the 
solvent was distilled off, and the residue resub- 
limed. Purple crystals, mp 100°C (102°C [21]), 0.17 
g (7%). Compound 4, which is insoluble in Ccl4, was 
purified by resublimation, 0.36 g. 

2b: The residue was dissolved in acetone and 
the undissolved part was sublimed in vacuum: 4, 
0.35 g. Acetone was distilled off, and the residue 
was recrystallized from the benzene-hexane mix- 
ture. 1,3-Bis(2-nitrophenyl)-1,3-diaza-2-thiaallene 
(3b, 1.18 g). 

2c: The residue was recrystallized from toluene. 
1,3-Bis(4-nitropheny1)-1,3-diaza-2-thiaallene (3c, 1.2 1 
g). The mother liquor was concentrated and chro- 
matographed on a silica gel column (benzene): 4, 
0.33 g. 

b) Under the same conditions as above, 0.01 mol 
of 1 was reacted with 0.01 mole of 2. After the sol- 
vent had been distilled off, the residue was sub- 
limed in vacuum (3a, 0.049 mol) or recrystallized 
(3b, benzene-hexane, 0.049 mol; 3c, chloroform, 
0.048 mol). 

Reaction of’ Lithium N , N -  
Bis(trimeth 1silyl)amide (9) with N -  
Sulfinylary Y amines (8) 

1 -Aryl-3-trimethylsilyl-l,3-diaza-2-thiaallenes (7c, 
d,e, j). a) A solution of 0.06 mol of 8d,e, j in 15 mL 
of Et20 was added to a stirred suspension of 10.0 g 
(0.06 mol) of 9 in 50 mL of Et20 at -15°C. After 2 
h the temperature was raised to 20°C and a solution 
of 6.6 g (0.06 mol) of trimethylchlorosilane in 10 
mL of Et20 was added. After 2 h the residue was 
filtered off, the solvent was distilled off, and the 
residue was distilled in vacuum: 7d (70%), 7e,j, 
orange oils. 

b) A solution of 5.5 g (0.03 mol) of 8c in 25 mL 
of Et20 was added to a stirred suspension of 5.0 g 
(0.03 mol) of 9 in 100 mL of Et20 at -70°C. The 
temperature was raised to 0°C during 4 h, then a 
solution of 3.3 g (0.03 mol) of trimethylchlorosilane 
in 20 mL of Et20 was added. The temperature was 
raised to 20°C during 2 h, the solution was filtered, 
the solvent was distilled off, and the residue was 
distilled in vacuum: 7c, bright yellow crystals. 

c) 1,3-Bis(pentafluorophenyl)-, 1,3-bis(4-fluoro- 
pheny1)-, 1,3-bis(4-iodophenyl)-, 1,3-bis(2,6-dichlo- 
ropheny1)- 1,3-diaza-2-thiaallenes (3a,f,g,k) were 
obtained by the reaction of 9 with 8a,f,g,k under 
the conditions described in paragraph “a”. After the 
solvent had been distilled off, the residue was re- 
crystallized from hexane (3a, 40%; 3f, 56%) or ben- 
zene (3g, 80%; 3k, 74%). 

1,3-Bis[4-(phenylazo)phenyl]- and 1,3-bis(2-flu- 
oreny1)- 1,3-diaza-2-thiaallenes (3h,i) were synthe- 
sized in a similar way, except for the fact that tri- 
methylchlorosilane was not added. The precipitate 
was filtered off and recrystallized from toluene: 3h, 
(72%), 3i. 

Reaction of 1,l ,I -Trimethyl-N,N- 
bis(trimethylsily1)stannaneamine (10) with 
N-Sulfinylarylamines (8) 

1 -Polyfluoraryl-3-trimethylsilyl-l, 3-diaza- 2-thia- 
allenes (7a,m-p). A mixture of 0.015 mol of 10, 30 
mL of acetonitrile, and 0.015 mol of 8 was boiled 
for 15 min in the case of 8a,c,m-p, for 2 h in the 
case of 8d,f,l, and for 8 h in the case of 8j. Aceto- 
nitrile, hexamethylsilstanoxane (12), 1,3- 
bis( trimethylsilyl)-l.3-diaza-2-thiaallene (6), or 
hexamethyldisiloxane (13) were distilled off, and 
the residue was distilled in vacuum: 7a,m-p, l l j ,  
orange-red oils. The solid stillage residue was re- 
crystallized from hexane: 3a (lo%), 3c (75%), 3m 
(lo%), 30 (30%), 3f,l,p, orange or red crystals. 

1-Phthalimidylsulfenyl Chloride (14). Di( 1- 
phthalimidy1)disulfane (18) was boiled with excess 
sulfuryl chloride until a true solution had formed, 
then the solvent was distilled off, and the residue 
was recrystallized from CCL: 14, pale yellow crys- 
tals. 

I - Trimethylsilyl- 4- ( I  -phthalimidyl)- I ,3- diaza- 2,4- 
dithia-l,2-butadiene (15) and I ,5-Bis(l-phthalimi- 
dyl)-2,4-diaza-l,3,5-trithia-2,3-pentadiene (1 6). A 
solution of 1.28 g (0.006 mol) of l-phthalimidylsul- 
fenyl chloride (14) in 10 mL of CH2C12 was added 
at 20°C to a stirred solution of a) 1.24 g (0.006 mol) 
or b) 0.62 g (0.003 mol) of 1,3-bis(trimethylsilyl)- 
1,3-diaza-2-thiaallene (6) in 5 mL of CH2C12. After 
a) 5 h or b) 24 h, the solvent was distilled off and 
the residue was recrystallized: a) From hexane, 15, 
light-creme glittering flakes; b) From acetonitrile, 
16, orange crystals. 

I -Aryl-4- (1 -phthalimidyl)-l,3-diaza-2,4- dithia- I ,2- 
butadienes (17a,d,j). A solution of 0.02 mol of i -  
aryl-3-trimethylsily1-1,3-diaza-2-thiaallene (7) in 10 
mL of CH2C12 was added at 20°C to a stirred solution 
of 4.27 g (0.02 mol) of 1-phthalimidylsulfenyl chlo- 
ride (14) in 30 mL of CH2C12. After 10 h, the solvent 
was distilled off and the residue was recrystallized 
from a benzene-heptane mixture: 17a,d, j, orange 
crystals. 

Reaction of 1 -Phthalimidylsulfenyl Chloride 
(14) with 1,7-Bis(trirnethylsilyl)-l,3,5,7- 
tetraaza-2,4,6-trithia-l,2,5,6-heptatetraene ( 19) 
A solution of 0.43 g (0.002 mol) of 14 in 10 mL of 
THF was added at -50°C to a stirred solution of a) 
0.60 g (0.002 mol) or b) 0.30 g (0.001 mol) of 19 in 
20 mL of THF. After 2 h, the temperature was raised 
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to 20"C, and the solvent was distilled off. The res- 
idue was: a) Recrystallized from benzene. Phthal- 
imide, 0.19 g (65%). The benzene solution was evap- 
orated, and the residue was sublimed in vacuum. 
Cyclotetra(azathiene) (4), 0.15 g (58%). b) Recrys- 
tallized from acetonitrile. 1 ,S-Bis( 1-phthalimidy1)- 
2,4-diaza-1,3,5-trithia-2,3-pentadiene (16), 0.30 g 
(70%). 

Reaction of 1 -Trimethylsilyl-4-(1 -phthalimidyl)- 
1,3-diaza-2,4-dithia-l,2-butadiene (15) with 
Dichloromono- and disulfanes 
A solution of 0.002 mol of S2C12 or freshly prepared 
SCl2 in 5 mL of EtzO was added at -70°C to a stirred 
solution of 1.24 g (0.004 mol) of 15 in 20 mL of Et20. 
After 1 h the temperature was raised to 20°C, the 
solvent was distilled off, and the residue was re- 
crystallized from acetonitrile: 1,5-Bis( l-phthalim- 
idyl)-2,4-diaza-l,3,5-trithia-2,3-pentadiene (16), 0.62 
g (75%). 

1,7-Bts(aryl)-l,3,5,7- tetraaza- 2,4,6- trithia- 1 ,256-  
heptatetraenes (5)  and 1-(2,6-Dimethylpheny&7- 
phenyl- 1,3,5,7-tetraaza-2,4,6-trithia- 1,2,5,6-heptate- 
traene (20). a) A solution of 0.52 g (0.005 mol) of 
freshly prepared SClz in 5 mL of Et20 was added 
at -50°C to a stirred solution of 0.01 mol of l-aryl- 
3-trimethylsilyl-l,3-diaza-2-thiaallene (7) in 15 mL 
of EtzO. After 1 h the temperature was raised to 
20"C, the solvent was distilled off, and the residue 
was recrystallized from hexane: 5a (60%, mp 
108-109°C (102°C [21])); 5d,e,n, dark green crystals 
with golden glitter; 5j, dark crystals. 

b) To a stirred mixture of 0.95 g (0.003 mol) of 
1 - phenyl- 4- (1 -phthalimidyl)- 1,3- dim- 2,4 dithia- 1,2- 
butadiene (17d) and 0.63 g (0.003 mol) of l-phenyl- 
3-trimethylsilyl-l,3-diaza-2-thiaallene Q7d) in 50 mL 
of acetonitrile at 20°C was added 0.46 g (0.003 mol) 
of CsF. After 3 h the reaction mixture was filtered, 
the solvent was distilled off, and the residue was 
recrystallized from hexane: Sd, 0.28 g (30%). 

c) A mixture of 0.71 g (0.003 mol) of 1-(2,6-dir 
methylphenyl) -3-trimethylsilyl- 1,3- diaza-2-thiaal- 
lene (7j) and 0.46 g (0.003 mol) of CsF in 100 mL 
of acetonitrile was stirred for 5 h at 20°C, then 0.95 
g (0.003 mol) of 1-phenyl-4-( l-phthalimidyl)-l,3- 
diaza-2,4-dithia- 1 ,Zbutadiene (17d) was added. After 
10 min the precipitate that had formed was filtered 
off, the solvent was distilled off, and the residue 
was recrystallized from pentane: 20, green glitter- 
ing crystals. 

Reaction of 1,5-Bis(f -phthalimidy2)-2,4-diaza- 
I ,3,5-trithia-2,3-pentadiene (16) with 1 -Phenyl- 
3-trimethylsilyl-l,3-diaza-2-thiaallene (7d) 
A solution of 0.21 g (0.001 mol) of 7d in 10 mL of 
acetonitrile was added to a stirred suspension of 
0.21 g (0.0005 mol) of 16 and 0.15 g (0.001 mol) of 
CsF in 40 mL of acetonitrile at  20°C. After 2 h the 
mixture was filtered, the solvent was distilled off, 

and the residue was recrystallized from hexane: 1,7- 
bis(pheny1)- 1,3,5,7-tetraaza-2,4,6- trithia-l,2,5,6- 
heptatetraene (Sd), 0.09 g (45%). 

Reaction o 1 -Pheny1-4-(1 -phthalimidyl)-l,3- 

Bis( trimethylsilyl)-l,3,5,7-tetraaza-2,4,6-trithia- 
1,2,5,&heptatetraene (19) 
To a stirred mixture of 0.30 g (0.001 mol) of 19 and 
0.31 g (0.002 mol) of CsF in 50 mL of acetonitrile 
was added at 20°C during 15 min 0.63 g (0.002 mol) 
of 17d. After 3 h the mixture was filtered, the solvent 
was distilled off, and the residue was recrystallized 
from CHCl, and sublimed in vacuum: Phthalimide, 
0.21 g (70%). Chloroform was distilled off, and the 
residue was sublimed in vacuum: Cyclotetra- 
(azathiene) (4), 0.1 1 g. 

diaza-2,4- d ithia-l,2-butadiene (17d) with 1,7- 

Reaction of 1 -(2,6-Dimethylphenyl)-4- 
( I  -phthalimidyl)-l,3-diaza-2,4-dithia-1,2- 
butadiene (17') with 1,3-Bis(trimethylsilyl)-I,3- 

To a boiling solution of 1.03 g (0.003 mol) of 17j 
and 0.62 g (0.003 mol) of 6 in 10 mL of acetonitrile 
was added 0.46 g (0.003 mol) of CsF. After 2 h the 
solvent was distilled off, and the residue was ex- 
tracted with 20 mL of hexane. The undissolved com- 
pound was recrystallized from CHC13: Phthalimide, 
0.26 g (60%). The hexane solution was evaporated, 
and the residue was distilled in vacuum at 8OoC/1 
mm. 1-(2,6-Dimethylphenyl)-3-trimethylsilyl-l,3- 
diaza-2-thiaallene (7j), 0.43 g (60%). 

diaza-2-thiaa 1' lene (6) 

N-Trimethylsilylphthalimide (21). .A mixture of 
10.0 g of potassium phthalimide, 50 mL of benzene, 
and 16 mL of trimethylchlorosilane was boiled for 
5 h and filtered. The solvent was then distilled off 
and the residue was recrystallized from hexane: 21, 
8.88 g (75%). 
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