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Abstract Some preliminary solid-state properties of a new symne- 
trical diacetylene and an unsymnetrical derivative with toluene 
sulfonate side groups are reported. The unsymnetrical carpound 
presents a stable non polymerizable form and a metastable polyme- 
rizable one. 

Diacetylenes are corrpounds, Rl-OCH2-C~C-C:C-CH,0-R2, where RI is R2 or 
different frm R2. Sane of them, such as pTS ( 3 )  (where Rl = R2 = 
p-CH,-Ph-S02) and analosous c ~ u n d s ,  undergo in crystalline state 
topochemically controlled solid-state polymerization, eventually yiel- 
ding monocrystals of conjugated polymer chains extended along crystal- 
lographic directions'. Unsymnetrical ccnpounds are a potential source 
of non-centrosymnetrical crystals with, eventually, non-linear optical 
properties'. 

In connection with our previous studies in this area3 * '  * ' * f, , we re- 
port synthesis and X-ray structure of a new symnetrical derivative of 
hexa-2,4-diyne-l,6-diol (1) and mCH3-Ph-S02C1, named d 1 - m  (4) which 
is not polymerizable, and an unsymnetrical diacetylene pTS-nU'S ( 5 )  
which combines the side woup of pTS with that of di-nU'S. Note that pTS 
exhibits an incarmensurate phase in the range fran N 155 to 195 K. Its 
low tenperature structure is still monoclinic P 21/c (as at high tenpe- 
rature) with a doubling of the cell dimensions ( 2  = 4) and tw inequi- 
valent sites for each structural unit'O*ll. All these CarQoUnds are 
listed in table I. 
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TABLE I New diacetylenes (4)-(5) and related canpounds 

For the preparation of the symnetrical di-mS (41, diol (1) was di-es- 
terified in the presence of one equivalent of m-toluenesulfonyl chlori- 
de (liquid at roan temperature) in ice-cooled acetone. Then an aqueous 
solution of NaoH was added dropwise. After separation of the resulting 
precipitate, the crude product was chrmtographed over a silica gel 
column with dichloranethane/hexane (volume ratio 8:2) as the eluant. 
Crystals of (4) suitable for structural studies were grown fran acetone 
at 4°C. They did not turn pink at roan or at higher tenperature, indi- 
cating that this compound does not polymerize. 

For the preparation of the unsymnetrical pTS-nES (51, diol (1) was 
first mono-esterified to give ( 2 )  (as indicated in reference 3)  in pre- 
sence of ptoluenesulfonyl chloride. Next (21 ,  reaction with one equi- 
valent of m-toluenesulfonyl chloride in ice-cooled acetone and dropwise 
addition of an aqueous solution of KOH yielded the diester (5). After 
filtration and separation by chromatography over silica gel with 
dichloranethanddiethyl ether (volume ratio 9: 1) as the eluant, the 
final corqmund obtained was pale yellow. Sometimes it undercooled at 
roan temperature. 

Crystals of (5) suitable for structural studies were grown 
- fran acetone at 4°C yielding a stable form (5)a which gave small 
transparent, colourless, non-polymrisable crystals (melting point 
N- 69°C). 
- from dichloranethane/ethanol (volume ratio 9:l) as the solvent, 
at about -5"C, yielding a metastable form (5)b which gave small 
transparent crystals (melting point N- 36°C). First these crystals 
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turned pink at room temperature (or at O°C,not so rapidly). At the 
same time they changed slowly giving material which no longer dif- 
fracts after 24 hours at roam tenperatwe when studied on an 
x-ray d i f f r ac tomete r .  

Small plates of (4) and (5) (0,3 x 0,3 x 0,15 mn in size) were studied 
on an Enraf-Nonius CAD-4 autanatic diffractometer and data were pro- 
cessed with a PDP8 caputer. For the low-tenperature structure detmi- 
nations, the crystals were flushed with a stream of nitrogen gas. The 
unit cell parameters were determined from the angles of 25 strong 
reflections and the structures were solved by direct methods. 

Symnetrical diacetvlene d i - m  ( 4 )  
The structure at roam temperature (T = 293 K) was monoclinic, space 
group P21/c, with four molecules in the unit cell. The lattice parame- 
ters are a = 11.514(6) A : b = 11.429(9) A : c = 16.184(4) A : 
13 = 111.28(3)" : V = 1984 A3.  

The crystals do not show any phase transition frcm room tenperatu- 
re down to 130 K. 

Figure 1 shows a drawing of the di-ntTS molecule in the crystal 
with  t h e  atoms numbered. The p l ane  of t h e  f i g u r e  c o n t a i n s  t h e  d iace ty-  
lene rod, which is non-linear : for exanple the angle between three ad- 
jacent carbons C,C2C3 or CzC,Cll , is 177 to 178". One of the side 
cn-oups is folded towards the diacetylene rod. The OIISIIC1, angle is 
close to 104". The C12C130,1 is angle close to 110'. 

'C10 

FIGURE 1 di-naS molecule (4) 293 K structure with atom labelling 
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Figure 2 is a drawing showing the unit cell with the four molecu- 
les and the curvature of the diacetylene rods in perspective. 

a 

FIOURE 2 Drawing in perspective of the di-nflS unit cell 

The half-folded molecule of di-mT!S adapts in the crystal a confor- 
mation which prevents the close approach of the potentially reacting C 
at- necessary for the polymerization of adjacent molecules, as is ob- 
sewed in pTS'. This explains the lack of solid-state reactivity of di- 
m. It is prevented by steric hindrance, as already observed in a 
series of sulfonate disubstituted diacetylenes' where the two lateral 
groups are folded back. 

Unsvmnetrlcal diacetvlene IJrs-nlps (5)  
It had been previously indicated that crystalline pTS-m is polynror- 
phic and presents a stable fonn, (5)a, and a metastable fonn (5)b. 

The structure of (5)a at roan tenperature (T = 293 K) is monocli- 
nic, space group P 2,/c, with four molecules in the unit cell. The lat- 
tice parameters are : a = 16.595(7) : b = 7.65(1) A : 
c = 16.70(1) A : P = 110.21(3)' : V = 1990 A3. 

The crystals do not show any phase transition fran r m  tsngeratu- 
re down to 130 K. 

Figure 3 shows the projection of the crystal structure on the 
plane containing the diacetylene rods and b axis, and Figure 4 shows 
the projection on plane (101) of the molecules of a row. 
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b 

a 

FI(uRE 3 Crystal packing of FI(uRE 4 Projection of (5)a 
(5)a in projection on the plane 

of the diacetylene stacks 
on plane (101) 

It can be observed that the packing of the (5)a diacetylene 
molecules is similar to that of the symnetrical reactive pTS (31, but 
the solid state polymerization of pTS-niCS is prevented because the 
distance between diacetylene rods (d = b = 7.65 A at 293 K) and their 
mean angle with b axis ((p = 85") are too large ompared to the 
corresponding packing parameters for pTS at 295 K* (d = b = 5.18 A, '0 = 
45.6" and R = 3.64 A, the distance between the reacting C at- of 
adjacent molecules). This fulfills the geanetrical criteria for 
polymerizability '. Separation R < 4 A, tested using crystal structure 
data for reactive and unreactive diacetylene mnaners, is a good crite- 
ria for solid-state polymerization'. In the case of pTS-nU'S, R is near 
8 A, much too large for reaction to occur. 

The structure of (5)b (the metastable form of pTS-nlE) was resol- 
ved at T = 133 K and was monoclinic, space group P 2,/c, with four 
molecules in the unit cell. The lattice paramters of the mnaner are a 
= 14.752(8) A : b = 5.11(1) A ; c = 26.01(2) A ; P = 97.27(5)' ; V = 
1946 A3. 

The crystals do not show any phase transition fran roan 
temperature down to 130 K. It is interesting to carpare those values to 
the lattice parameters of mnaner pTS at T = 120 K (space group P 2,/c, 
2 = 4) l o  : a = 14.745(7) A : b = 5.086(2) A : c = 25.738(12) A ; 
P = 91.71(5)' : V = 1929 A3. 

Figure 5 shows the projection of the mnamer structure of (5)b 
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onto the plane of the diacetylene stacks which are extended along the 
crystallographic b axis. Figure 6 shows the pro'jection on the (ac) pla- 
ne of the molecules of a row. 

I 

FIGURE 5 Crystal packing of 

plane of diacetylene stack 

F'IciLlRE 6 Projection on plane 

(130 K structure) 
(5)b  in projection on the (101) of mnaner (5)b 

The parameters of the unit cells of pTS and pTS-nEi at about the 
same temperature are very close. It is the ~ a m e  at room tenperatwe for 
the b parameter, which is the packing direction of ( 3 )  and (5)b molecu- 
les. Thus crystalline conformation of pTS-nEi allows reactive packing 
of the m o m  units. All the criteria for solid-state polymerization 
are satisfied : the angle between diacetylene rods and b axis, 'Q = 44",  
separation of the monaner units, d = b axis, distance between 
potentially reactive carbons C , C ' ,  of adjacent molecules R N 3.65 A 
(figure 5 ) .  

The obsenmtion that the crystals of pTS-nfE turn pink at roan 
teaperature or at 0°C indicates that this cawound can polymerize. But, 
as at the same time the crystals change to a material which no longer 
diffracts after 24 hours at roan tenperatwe and becane pale yellow in 
colour (much slower at 0°C or at lower tenperature where the polymeri- 
zation is almst prevented), the solid-state thennally induced reaction 
cannot be really observed. A study is in progress to try to prarrote X 
or y-ray induced polymarization at sufficiently low terrperature so as 
to prevent crystal change and damage. 
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