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S u m m a r y  

2-1sopropenylquinoline has been synthesized, and anionic homopolymerizationhas 
been performed with n-butyll i thium and with dibutylmagnesium, yielding polymers 
with high glass transition temperatures, with M n ranging from 3700 to 210300. 
Molecular heterogeneities have been determined by (;PC. M w has been measured 
by light scattering. The glass transition temperature for inf inite molecular weight 
is 475 K. The ceiling temperature, 367 K, was calculated from 1H-NMR spectra 
recorded from living poly-(2-isopropenylquinoline) at different temperatures. Two- 
and threeblock-copolymers have been obtained by init iat ing 2-isopropenylquinoline 
with living polybutadiene. 

I n t r o d u c t i o n  

2-1sopropenylquinoline (2-1PCh) disappeared into oblivion after fail ing to homopoly- 
merize or to copolymerize this monomer in 1948 1} 2) Basing on recent knowledge 
it has been supposed that 2-1PCh may be accessible to anionic polymerization, analo- 
gous to other isopropenyl substituted aromates. 
In order to ensure the purity required for anionic polymerization, a new synthesis for 2- 
IPCh had to be developed. 
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Quinol ine-2-carbonic  acid e thy les ter  

100 ml (0.58 tool) quinol ine-2-carbonic acid is heated under re f lux  for  5 hrs wi th  250 
ml absolute ethanol and 22 ml (0.41 tool) conc. H2SO 4, under moisture exclusion. 
20 g molecu lar  sieve, 3 A, is added to the homogenous solution a f te r  2.5 hrs. The 
alcohol  is removed essent ial ly by d is t i l la t ion ,  and the residual is poured into ice water ,  
neut ra l i zed w i th  Na2CO 3 and ex t rac ted  w i th  CH2CI 2. A f te r  drying over MgSO 4 and 
removal  of  solvent by d is t i l l a t ion  the product is d is t i l led  under oi l  pump vacuum. 

Conversion 77.3 g = 70.5%, KP3 = 132~ 

2-Acety lqu ino l ine  

10.8 g (0.45 tool) Nai l  is weighted as 55% wax dispersion. The wax is removed by 
decant ing w i th  n-pentane. Under N 2 as pro tec t ion  gas a mix tu re  of  77.3 g (0.41 tool) 
qu inol ine-2-carbonic  acid e thy les ter  and 39.8 g (0.45 mol) acet ic  ester is poured quickly 
into a suspension of  the Nai l  in about 100 ml hexane. The react ion is s tar ted by careful  
heat ing under s t i r r ing,  w i th  subsequent cool ing w i th  methanol / dry ice. The ye l low 
die fo rmed under vigorous foaming is dissolved in 25% H2SO 4 (3 tool per tool ester), 
washed in hexane tw ice  and heated d i rec t l y  for  1 hr to 100~ for  decarbox i la t ion.  
A f t e r  neut ra l i za t ion  w i th  Na2CO 3 ex t rac t ion  is per formed wi th  CH2Cl2, w i th  
subsequent dry ing over MgSO 4 and removal  of  the solvent by d is t i l l a t ion .  From the 
residual red solid the product is received by subl imat ion in the fo rm of  whi te crystals.  
Conversion 38.5 g = 56% , Fp = 52oc 
1H-NMR: 6= 7 . 5 - 8 . 5  ppm(ary l ) ,  6= 2.95 ppm (methyl) .  FTIR: 1688 cm -1 (C=O) 

2-1soDroDenvlauinoline 

Three sets o f  exper iments  have been examined.  The op t ima l  condit ions are described: 

1.54 g Nai l  (0.064 tool) are appl ied as a 55% waxy dispersion, the wax being removed as 
descr ibed before.  30 ml dry DMSO are added dropwise under a n i t rogen atmosphere. 
A f t e r  s t i r r ing for  1 hr at 80~ and ending of  H2-development 24.3 g (0.068 mol)  methy l  
t r ipheny l  phosphonium bromide in 50 ml DMSO is added at room tempera ture .  10.8 
g (0.068 mol) 2-acety lquinol ine in concentrated DMSO-solution is dropped than into 
the freshly prepared y l ide solut ion at 0~ A f te r  fu r ther  s t i r r ing 2 hrs in the ice bath 
and for  12 hrs at 65~ the solut ion is poured into 75 ml water ,  and the product is 
ex t rac ted  w i th  pentane. A f t e r  dry ing over Na2SO 4 and d is t i l l ing  the solvent a s l ight ly  
ye l low coloured oi l  is obtained, which contains about 5% 2-acety lquinol ine besides 
the 2- isoprenylquinol ine.  For the removal  of  the remaining ketone the raw product 
is s t i r red  for  2q hrs at room tempera tu re  in 40 ml methanol wi th  1.7 g (0.04/4 tool) 
NaBH 4 and 0.17 g (0.003 tool) NaOCH 3. A f t e r  largely removing the solvent by 
d is t i l l a t i on  the product is ex t rac ted  w i th  pentane a f te r  adding 50 ml water .  A f t e r  
dry ing w i th  Na2SO 4 and d is t i l l i ng  of  the solvent 7.3 g product remained. Very pure 
2-1PCh is obtained by subl imat ion,  in the fo rm of nice colourless crystals. 
Conversion 6 g = 56%, Fp = 33~ 
IH-NMR:  6= 7.2-8.2 ppm (aryl), 6= 5.45 and S.9 ppm (vinyl) and 6 = 2.4 ppm (methyl )  
FTIR: no absorpt ion at 1688 cm - I  

Po lymer iza t ion  

About 10 ml degassed toluene, dryed over styry l  l i th ium,  is condensed each t ime  onto 
0.5 g 2-1PCh in a high vacuum line. A f t e r  degassing the solution tw ice  n -bu ty l l i t h ium 
(1.6 ml solut ion in hexane, Merck Nr. 818874) is added by in ject ion in N 2 counter -  
current  at room tempera ture .  The las t l y  developed deep red-v io le t  solut ion is po lymer i -  
zed at - 78~  for  1 hr. The l iv ing po lymer ic  anions are te rmina ted  w i th  few methanol ,  
and the po lymer  is p rec ip i ta ted  in methanol .  Two samples have been po lymer ized 
w i th  d ibuty lmagnes ium (0.6 ml solut ion in heptane, A l fa  Nr. 89746), fo l lowing the 
procedure as described. 
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NMR - Analysis for  the Determinat ion o f  the Ce i l i ng -  Temperature 

In a vacuum line 4.7 ml perdeuterated toluene are dryed with s ty ry l l i th ium and degassed 
and condensed subsequently onto 319 mg (1.9 mmol) repeatedly subl imated 2-1PCh, 
in a graduated ampoule wi th fused on NMR tube. The monomer solut ion is degassed 
twice again, and polymer izat ion is in i t ia ted by inject ing four drops of  n -buty l l i th ium 
solut ion (1.6 ml in hexane) in N 2 counter-current .  The react ion ampoule containing 
the l iv ing polymer solution is mel ted o f f  in vacuo. Part o f  the solut ion is poured into 
the NMR-tube, which is mel ted o f f  also. Temperature var iable 1 H-spectra are recorded 
and evaluated wi th this l iv ing polymer solution o f  known concentrat ion. 

R e s u l t s  a n d  D i s c u s s i o n  

Characterization of Polymers 

Number average molecular weights have been determined by vapour pressure osmosis 
in C HCI 3, besides the high molecular  one. Molecular  heterogeneit ies and weight average 
molecular  weights have been analyzed by GPC, wi th cal ibrat ion via polystyrene. For 
the high molecular  weight sample M w has been determined by l ight scatter ing. The 
re f rac t ive  index increment has been measured wi th a d i f fe ren t ia l  re f rac tometer :  
0.30 ml/g in THF at 436 nm at 25~ For this high molecular  weight sample, M w 
= 463000, M n = 210000, the second v i r ia l  coef f ic ient  of  osmotic pressure, A?, has 
been found 4.17-10 -5 ml /g  -2, the quadrat ic radius of  gyrat ion <s2> = 2.53"1011cm 2. 
Molecular  weights and heterogenei t ies are presented in the table, besides tac t ic i t ies  
and glass t ransi t ion temperatures. 
The polymers are colourless powders, which are soluble in benzene, toluene, CH2CI 2, 
CHCI 3 and THF, swell in e thy lmethy l  ketone, are not soluble in acetone, ethanol 
and a l iphat ic  hydrocarbons. The molar  ext inc t ion coef f ic ient  is E = 2927 I /mol 'cm in 
THF for  •= 319 nm. 

Table 1" Molecular  weights, tac t ic i t ies  and glass t ransi t ion temperatures of  the PIPCh's 

Triads/% 
In i t ia tor  M n M w U iso hetero syndio Tg/K 

n-Buli 3700 4500 0.22 15 55 30 437 
n-Buli 4500 5400 0.20 
n-Buli 13900 17500 0.26 466 
n-Buli 15100 18700 0.24 
n-Buli 210000 463000 1.20 20 45 35 473 
Bu2Mg q500 4900 0.08 4 48 48 441 
Bu2Mg 8000 8800 0.10 9 48 43 457 

Glass t ransi t ion temperatures, Tg, have been determined via DSC. Values between 437 
and 473 K have been ext rapola ted for zero heating rate. The plot Tcj versus 1/M n is 
l inear wi th in exper imenta l  error  (Figure 1), corresponding to the data for  poly-(2- 
isopropenylnaphthaline) (494 K 3)). Extrapolat ion to in f in i te  molecular  weight yields 

4) 5) Tg=  = 475 K, thls" value being si tuated betweenK 3) those for a-methylstyrene (458 K ) 
and poly-(2- isopropenylnaphthal ine) (494 ) . 
The evaluat ion of  the proton resonances o f  the a-methy l  group turned out to be favour-  
able for evaluat ion of  tac t i c i t y  6 ) - I 0 )  Consequently, we t r ied to evaluate the t ac t i c i t y  
of  poly-(2- isopropenylquinol ine) by IH_NMR spectroscopy, in dependence on molecular  
weight and gegenion, during anionic po lymer izat ion.  Spectra were recorded in 
perdeuterated nitrobenzene at 400 K (Figure 2). Assignment of  t r iad signals of  the 
~-methvl  group has been performed in an analogous way to poly-(c~-methylstyrene} 
6) 9) 10) and poly-(2- isopropenlynaphthal ine) 3): Isotact ic tr iads are absorbing at 1.2 
ppm, hetero tac t ic  ones at 0.8 and syndiotact ic ones at 0.4 ppm. 
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Figure 1: Glass t rans i t ion tempera tu re  
versus rec iprocal  M n for  poly-(2- isopro-  
penylquinol ine)s 

-CH 3 

-CH2 _ h e ~  

syn 

2 i ~ in ppm (] 

Figure 2 : 3 0 0  MHz IH_NMR spectra o f p o l y -  
(2-isopropenylquinol ine)s. Upper t race:  IV; n = 
4500(Bu2Mg), lower t race:  M n =  3700(Bul i )  

Add i t i ona l l y  i t  has been also t r ied  to assign the methylene signals between 1.5 and 
2.5 ppm to the respect ive t r iads by comparison w i th  the spectra as in terpre ted via 
methy l  group resonances: Thus, syndiotact ic  t r iads are absorbing at 2.4, he te ro tac t i c  
ones at 2.2 and iso tac t ic  ones at 1.6 ppm. The t r iad  concentrat ions as der ived by 
in tegra t ion  of  the methy l  signals are given in the table for  four  of  the polymers. 

Al l  PIPCh samples are essent ia l ly  a tac t i c .  Mg as gegenion favours syndiotact ic  tr iads, 
whereas Li favours iso tac t ic  ones. A tac t i c  t r iads are ranging around 50% in al l  cases. 
Iso tac t ic  t r iads are favoured w i th  increasing molecular  weight ,  in a s imi lar  way as 
fo r  poly-(c t -methyls tyrene) 6) and for  poly-(2- isopropenylnaphthal ine) 3 )  

Ce i l ing  Temperature 

The equ i l ib r ium concentra t ion of  monomer,  [M] , is connected w i th  the enthalpy of  
po lymer iza t ion ,  AHss, and the ent ropy of po lymer iza t ion ,  ASss, by 

AGss = RT In [M] = AHss - TASss ( I ) 

AGss is the f ree enthalpy of  po lymer iza t ion  and R the gas constant. The index ss 
denominates a I m monomer  solut ion and dissolved po lymer  as the reference state. 
A t  the ce i l ing tempera tu re  T c AGss = 0 or [M] = I mo l l l  must be val id per def in i t ion.  
The equ i l ib r ium concentra t ion of  monomer is de termined at d i f fe ren t  temperatures.  
From the p lo t  In [M] versus l I T  AHss , ASss and T c can be determined graphical ly  
f rom in tercept ,  slope and ex t rapo la t ion  of  the abscissa towards In [M] = 0. 

From the l iv ing PIPCh solutions prepared as described (c = 0.402 mo l l l )  90 MHz IH_ 
NMR spectra are recorded at d i f fe ren t  temperatures.  The momomer  content is ca lcu l -  
ated f rom the in tegra ted o le f in ic  doublet  at 5.7 ppm. The results are given in table 2. 
The p lo t  In [M] versus I IT (Figure 3) shows the expected l inear i ty  at the lower 
temperatures ,  before the data bend downwards short ly before reaching the 
concent ra t ion appl ied. The cei l ing tempera tu re  is determined as T c = 367 K by 
ex t rapo la t i on  towards In [M] = 0. The enthalpy of  po lymer iza t ion  is AHss = - 22.5 
J lmo l ,  the ent ropy ASss = - 61.4 J lmo l 'K .  In table 3 these values are compared w i th  
the data of  the known homologous monomers 1 I).  
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Figure 3; Graphic o f  po lymer i za t ion  
equ i l ib r ium o f  2- isopropenylquinol ine 

Table 2: Data for  the de te rm ina t ion  
of  the po lymer iza t ion  equ i l ib r ium o f  
2- isopropenylquinol ine 

T / K M / % [M] / mol / I  In [M] 

283 28 0.112 -2 .19  
293 36 0.147 - 1.92 
303 50 0.202 - 1.60 
313 65 0.263 - 1.34 
323 81 0.327 - 1.12 
333 85 0.343 - 1.07 
343 88 0.357 - 1.03 
353 90 0.364 - 1.01 
363 90 0.364 -1 .01  

Table 3: Po lymer iza t ion  equ i l ib r ium data 

Monomer AHss / kJ /mol  ASss / J /mo l 'K  T c / K T c / oc  

a -Me thy l s t y rene  - 35,6 - 128.1 277.4 + 4.2 
2- isopropenylnaphthal ine - 36.2 - 121.8 297.1 + 23.9 
2-1sopropenylquinoline - 22.5 - 61.4 367 + 94 

Blockcopolymers with Butadiene 

By in i t i a t i ng  2-1PCh w i th  l iv ing polybutadienyl  anions in to luene d ib lock copolymers 
are obta ined.  Because, v ice versa, l iv ing poly-(2-1PCh) does not i n i t i a te  butadiene 
in toluene, d i f f e ren t  t r i b l ock  copolymers have been obtained by coupl ing 2-1PCh w i th  
l iv ing polybutadiene, which has been s tar ted b i func t iona l l y  in THF. Deta i ls  of  the 
synthesis and of  the proper t ies  of  those in terest ing thermorevers ib le  e lastomers w i l l  
be repor ted  in a fo l low ing  paper. 
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