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Figure 3. (a) DSC curve of poly(exo-5-hydroxynorbornene). (b) 
Curves 1 and 2 represent the TGA thermograms of poly(exo-5- 
hydroxynorbornene) and poly(viny1 alcohol), respectively. 

The DSC curve of the polymer (Figure 3a) shows a glass 
transition temperature Tg a t  111 "C. As expected, this is 
significantly higher than that of poly(norb0rnene). The 
TGA curve (Figure 3b) indicates that the polymer un- 
dergoes no significant weight loss up to a temperature of 
about 400 "C. This is in sharp contrast to poly(viny1 al- 
cohol),12 also a secondary alcohol, which begins to loose 
weight due to dehydration a t  a temperature as low as 260 
"C (curve 2). The higher dehydration temperature of 
polymer I11 may be due to the presence of the OH group 
on the ring carbon that precludes the possibility of anti 
elimination. Another important reason could be the un- 
favorable introduction of ring strain upon dehydration. 
Furthermore the formation of a conjugated system in the 
case poly(viny1 alcohol) may cause its accelerated dehy- 
dration. 

The growing interest in the area of metathesis polym- 
erization and the development of new living metathesis 
catalyst systems makes the borane approach an attractive 
one for the synthesis of functional polymers with greater 
control over the final polymer structure. Further work 
toward the synthesis of polymers with other functional 
groups, such as NH2, is currently under way. 

Registry No. I, 121211-71-0; 9-BBN, 280-64-8; WCl,, 13283- 
01-7; Me4Sn, 594-27-4; 2,5-norbornadiene, 121-46-0. 
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Anionic Polymerization of Fluorine-Containing 
Vinyl Monomers. 9. Hexafluoro-1,3-butadiene 

Although tetrafluoroethylene is readily polymerized 
under free-radical conditions, numerous fluorinated vinyl 
monomers have not been polymerized with radical initia- 
tors. Ito et al. have reported methyl 2-(trifluoromethy1)- 
acrylate (MTFMA) gives no polymer by the initiations 
with a,a'-azobis(isobutyronitri1e) (AIBN), benzoyl per- 
oxide, or y-ray Then 2-trifluoromethyl- 
acrylates have been readily polymerized by anionic po- 
lymerization technique because the e-value of MTFMA 
is very large.4* 

Fluorinated vinyl monomers possessing fluorine atoms 
at  a-carbon of vinyl groups are more difficult to polym- 
e r i ~ e . ~  To obtain preliminary information on the general 
trend of the anionic polymerization of fluorinated buta- 
dienes, the present paper is concerned with the investi- 
gation of polymerization conditions of hexafluoro-1,3-bu- 
tadiene (HFBD) by systematically surveying the typical 
anionic polymerization initiators and solvents. Radical 
polymerization of HFBD reported by Toy et al. has pro- 
duced low molecular weight polymers,8 and 1,4- and 1,2- 
addition reactions are found to take place with infrared 
spectrum of the polymer. 

Anionic polymerization may thus be preferable to radical 
polymerization from the standpoint of production of 
poly(HFBD) possessing controlled microstructures. 

Results of anionic polymerization of HFBDg (40 mmol) 
with cesium fluoride as initiator (0.8 mmol) in toluene or 
tetrahydrofuran (THF) (20 mL) are summarized in Table 
I. The polymerization system successfully produces high 
yields of poly(HFBD) both in toluene and THF. The 
polymers obtained are white solid material. This polym- 
erization system is the first case that yields the appreciable 
amount of poly(HFBD) among the initiators examined in 
the series of this study. No polymer was obtained without 
cesium fluoride at  60 "C in toluene and THF. 

The polymers obtained with cesium fluoride initiations 
are insoluble in any solvents such as hexane, cyclohexane, 
benzene, toluene, diethyl ether, THF, dioxane, methanol, 
ethyl acetate, acetone, chloroform, dichloromethane, 
pyridine, dimethyl sulfoxide, dimethylacetamide, hexa- 
methylphosphoric triamide, N,N,N',N'-tetramethyl- 
ethylenediamine, 1,2- and 1,4-bis(trifluoromethyl)benzene, 
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Table I 
Polymerization of Hexafluoro-1,3-butadiene with Cesium 

Fluoride 
initiator solvent temp, "C time, days yield, '70 

CsF toluene 0 7 0 
20 7 20.8 
60 1 0 
60 7 58.9 
80 7 47.4 

THF 60 7 71.6 
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F i g u r e  1. IR spectrum of poly(HFBD) obtained with cesium 
fluoride in toluene a t  60 O C  for 7 days (rolled film sample). 
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Figure  2. TGA of poly(HFBD) obtained with cesium fluoride 
in toluene a t  60 "C for 7 days. 

hexafluorobenzene, 2,2,2-trifluoro-l-(trifluoromethyl)- 
ethanol, and lI1,2-trichloro- 1,2,2-trifluoroethane. The 
polymer is, therefore, precipitated as the polymerization 
reaction proceeds and the GPC eluogram is not recorded. 

Figure 1 shows the in f r a red  spectrum of poly(HFBD) 
obtained with cesium fluoride in toluene at  60 "C for 7 
days." The spectrum shows a very strong broad band 
between 1100 and 1300 cm-' for C-F absorption. Toy et  
al. have reported that two characteristic absorption peaks 
at 5.6 pm (1786 cm-l) and 5.8 Fm (1724 cm-') are assignable 
to a pendant perfluorovinyl group and a CF=CF group, 
re~pect ively.~~ In Figure 1 a very small peak at  1775 cm-' 
and a strong absorption at  1715 cm-' are observable, which 
means the 1,4-moiety is suggested as the predominant 
configuration in the polymer. 

The thermal character of polymer obtained was analyzed 
by thermogravimetric analysis (TGA). Figure 2 shows that 
poly(HFBD) is highly stable against heat, and the polymer 
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begins to decompose at  360 " C .  
Poly(HFBD) obtained here shows very high heat re- 

sistance though it possesses CF=CF groups in the polymer 
main chain. Various modifications and variations may be 
made by the reaction of this functional group with many 
reagents. This polymer is a new material having appli- 
cation in several fields and industries. 

Further investigation on anionic polymerization of 
HFBD and characterization of poly(HFBD) obtained are 
in progress. 

HFBD (homopolymer), 25036-06-0; CsF, Regi s t ry  No. 
13400-13-0. 
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Photoinduced Release of Alkali Picrates Using 
Photoreactive Poly(crown e t h e r ) s  

Crown ethers are well-known to dissolve alkali-metal 
salts into low polarity media by binding cations.' In this 
paper we report both the synthesis of polymers that have 
photochemically labile crown ether units and the pho- 
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