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Summary : The synthesis of a monodisperse macromolecular (Mn=850) diisocya- 
nat--at-e-was done in three steps with an averall y ie ld of 80%. The f i r s t  one 
consist of the addition of the d i th io l  HS-(CH~)oO(CH2)oSH to undecylenic 
acid, the diacid obtained[(HO-CO-(CH~)in-S-(CH~)~]9-O i~ then transformed 
to the acid dichloride by the actionCo~thion~l c~loride (SOC]~), f i na l l y  
the acid dichloride is transformed to diisocyanate[OCN-(CH2)12-S~(CH2)2]2-O 
by CURTIUS reaction. 

We note that the product is cr~sta l l ine and i t s  pur i ty and that of 
the intermediates were determined by ~ NMR. 

I N T R O D U C T I O N  

Telechelic polymers have been known for a long time ( I )  and they are 
used especially as prepolymers in polycondensation reaction. Generally diol 
chaines of polyester, polyether or diepoxide (DGEBA) are used and recently 
some diamines (from TEXACO and BASF). 

The principal chaines are obtained by condensation or addition reac- 
t ion.  Lately other methods of synthesis appear, such as radical polymeriza- 
t ion of butadiene with HeO 9 (2), and polymerization of T.H.F. by cationic 
catalysts such as HSOqF ~3~. Most of the oligomers obtained by these syn- 
theses give higher poTydispersity (order of 2), which in ter fer  in the f inal  
properties of material. 

Recently, various authors, Eisenbach (4), B i l l  (5), Harell (6) have 
applied organic synthetic methods to obtain monodisperse telechel ic com- 
pounds which act as soft or hard segments (7). These authors show that the 
result ing polyurethanes materials have improved mecanical properties. 
PASCAULT et al.  explained the improved mechanical properties were a resul t  
of increased segregation soft and hard phases (8). 

We note that these syntheses were done in many steps and could not be 
applied indus t r ia l l y .  They do permit a good comprehension of theor i t i ca l  
knowledge to polydisperse polymers. 

In our case we synthesize a monodisperse diol (9) and i t s  correspon- 
ding aromatic diamine (I0) prepared by modification of the end groups. 

Recently we confirm the improved performance of polyurethanes by com- 
paring the mechanical properties of polyurethanes prepared with monodis- 
perse d io l ,  and the i r  homologous polydisperse commercial T.H.F. ( I I ) .  

The polyurethanes were obtained in the classical two step process 
from diisocyanate prepolymers. However the inconvenience of th is  technical 
preparation is that the prepolymers always contain traces of residual 
diisocyanate monomers, which are undesired because of the i r  t ox i c i t y .  Also 
th is  technical preparation leads to an increase in molecular weight and an 
undesirable r ise in v iscosi ty  of the prepolymer. We present here a method 
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to prepare a monodisperse diisocyanate free from residual diisocyanate 
monomers. This approach hasn't been well explored in l i t terature. 

We mention the work of Heitz (12)(13) on the chemical modification of 
diisocyanated polystyrene obtained from A.I.B.N., and those of Gatge et al. 
(14) on the syntheses of diazic in i t ia tor  precursor of diisocyanate 

CN CN 
I l 

3 
0 CH 3 CH 3 0 

We note that  the macromolecular di isocyanate obtained by these au- 
thors are polydisperse. 

RESULTS AND DISCUSSION 

The telomerization of undecylenic acid with dithiol gives 

2 CH2=CH-(CH2)8-~-OH + HS-(CH2)2-O-(CH2)2-SH 
0 

HO-C-(CH~ 2 ) I0 -S-(CH 2 ) 2 -O-(CH 2 ) 2 -S- (CH 2 )IO-~-OHo 

AIBN/CH3CN 

~30oc 
(1) 

the diacid (I) obtained is transformed to the diacid chloride by action of 
thionyl chloride (SOCI 2) on (1). 

SOCI 2 

(I) ~ CI-~-(CH2)Io-S-(CH2)2-O-(CH2)2-S-(CH2)IO-~-CI ( I I )  
P P 

0 0 

Finally, by action of an aqueous solution of sodium azide on the dia- 
cid chloride ( I I )  in toluene (CURTIUS-REACTION) we obtained the corres- 
ponding diisocyanate ( I l l ) .  

NaN 3 

( I I )  ~ OCN-(CH2)Io-S-(CH2)2-O-(CH2)2-S-(CH2)Io-NCO 
toluene/80~ 

(Ill) 

Concerning the syntheses of the diacid (1) the yield after 12 houTs 
is greater than 90%, and the purity of the product was determined by H 
NMR. 

0 
II 

(HO - C - CH 2 (CH2) 8 - CH 2 - S - CH 2 - CH2) 2 - 0 

12ppm 2.1 1.3-1.7 2.5 2.6 3.55 
(s) (t) (m) (t) (t) (t) 

s = singlet ; t = t r ip le t  ; m = multiplet 
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The to ta l  absence of insaturat ion at (4.9 and 5.9ppm) and the 
presence of only one peak on GPC confirm the pur i t y  of ( I )  

When we pass to the diacid chlor ide ( I I )  we observe by IH NMR the to-  
ta l  disappearance of the peak at 12ppm, and the deshielding of the protons 
of carbon e to the acid group which absorb at 2.3ppm. 

The corresponding diisocyanate is obtained in two steps. F i r s t ,  at 
temperature less than IO~ by action of NaNR in toluene on product ( I I ) ,  
the resu l t ing  product (diazid) is not iso late~,  and by heating atl80~ for  
two hours gives the diisocyanate at y ie ld  of 85% essent ia l l y .  On H NMR we 
note the isocyanat~ group (3.3ppm), and the appearance of an intensive band 
in I.R. at 2250cm- charac te r i s t i c  of the isocyanate group. 

A confirmation of the st ructure was made by the syntheses of the 
diurethane der ivat ive  from benzyl alcohol ( IV),  which caracter ise the 
isocyanate group : 

H 

[ Q  z , ! - C  H^-O-C- N- (CH 2 ) I0-S- (CH2) 2-0)] 2 

0 

The di isocyanate ( I I I )  prepared is a so l id  with a melting point of 
50~ ; th is  product is c r i s t a l l i n e  and doesn't exh ib i t  a glass t r ans i t i on  
temperature, which d i f fe ren t ia tes  i t  from the major i ty  of c lass ic  d i isocya- 
nate prepolymers. 

I t  is then an in te res t i ng  syntheses since i t  leads eas i ly  to a mono- 
disperse di isocyanate of molecular weight of 850 with a y ie ld  of about 80%, 
where the mecanical propert ies are in studing. 
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