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A series of I,l-dihydroperfluorooxaalkan-l-ols and a,o~,co,co-tetrahydroperfluorooxaal- 
kanediols has been synthesized. Some terephthalates were synthesized by the reaction of 
these alcohols and diols with terephthaloyl chloride. 

Key words: I, I-dihydro-3,6,9-trioxaperfluorodecan- I -ol, I, I -dihydro-3,6,9,12,15-penta- 
oxaperfluorohexadecan- I -ol, I, I -dihydro-3,6,9,12,15,18-hexaoxaperfluorononadecan- I -ol, 
I , I -dihydro-2,5-perf luorodimethyl-3,6-dioxaperf luorononan-l-ol ,  I , I ,3- t r ihydro-  
2,2,3,3-tetrafluoropropan-I-ol, terephthaloyl chloride, terephthalates of fluorinated alcohols. 

Block-copolymers  consisting of  macromolecular  frag- 
ments of  different chemical  natures make it possible to 
create materials  possessing valuable properties.  Block- 
copolymers of  simple perfluoropolyesters (flexible blocks) 
with polyarylates and polyarylsulfones (rigid blocks) have 
not been much studied. In the present work, the syn- 
thesis of  f luor ine-conta in ing  alcohols and diols is per- 
formed, and their  react ion with terephthaloyl  chlor ide is 
studied. This interact ion is a model of  one o f  the 
pathways o f  the format ion of  b lock-copolymers  of  the 
following structure:  

wOCH,~R~°CH 2 - - O C - - A r - - C - - ( O A r ' - - O C - - A r C ) , , '  ,, 
II II II II " 
O O O O 

Ar = C_~H 4 etc.; Ar '  = C6H4---C(CH3)2--C6H4 etc.; 

Rt°=  (C F2C F20)k(C F20)tC F2; 

~ F(OCF2CF)mO(CF2)60(CFCF20)nCF 
I I I 

OF 3 OF 3 OF 3 CF 3 

The vitrification temperature (Tg) of perf luoropolyes-  
ters depends primari ly on the structure of  the monomer  
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unit; the values of  T 8 are - 5 3 ,  - 7 3  and -175  °C (the 

calcula ted value), I for the polymers  of  (CFCF20)n  
t 

C F  3 

(CF2CF20)  ,,  and ( C F 2 0 )  , ,  respectively. 
Perf luoropolyesters  of  (CF2CF20)k (CF20)  t are dis- 

t inguished exclusively by the high thermodynamic  and 
kinetic flexibility of  their  chains ("superflexibility") z and 
possess ext remely  low Tg values (below - 1 4 0  °C). I Oli- 
gomers conta ining the above units in their  chains are 
formed by the anion polymerizat ion of  perfluoroolefin 
oxides  or in the pho tochenf ica l  oxida t ion  of  per- 
fluoroolefins with oxygen. The alcohols  and diols with 
different structures of  perfluoroalkyl radicals presented 
in Table I represent the model  compounds  o fper f luoro-  
polyesters prepared by the methods  listed above. 

Methods for the reduction of  the esters of  perfluori- 
hated acids or the corresponding acyl halides to fluo- 
r i n e - c o n t a i n i n g  a l coho l s  o f  the  genera l  fo rmula  
Rf - -CH2OH are known. 3 We prepared  a series of  
I , I -d ihydroa l coho l s  containing perf luoropolyester  frag- 
ments of  different structtlres (see Table I) by the reduc- 
tion of  perf luorooxaalkanecarboxylates  with NaBtt 4. 

1) NaBH 4 EtOH 
,~0 2) H20, H + 

Rr--C P, Rt--CH2OH 
NOR 

la--g 2a--g 

R = Me, Et 

The reaction of alcohols 2 a - - h  with terephthaloyl  
c h l o r i d e  af fords  the  c o r r e s p o n d i n g  t e r e p h t h a l a t e s  
3a ,d , i ,g ,h  in high yields. Depending on the type of  the 
f luor ine-conta in ing  group, these terephthalates  are liq- 

uids or crystall ine solids; the character is t ic  band at 
1745 cm -I ( C = O )  is present in their  IR spectra. 

% C ~ C / / 0  + 2RfCH2OH 
Cl / ~ Ncl 2a,d,i 

. %c c 
/ k ~ /  \ 

R~CH20 OCH2R f 
3a,d,I 

I: Rf = CF2CF2H 

%o o o 
c~/ ~ /  \ c l  

2g,h 

+ HOCH2R~CH20 H B, 

- -  3"~h \OCH2RfCH20--/n 

E x p e r i m e n t a l  

Tile IH and 19F NMR spectra were recorded with a 
Bruker AC-200P spectrometer using HMDS and CFCI3, re- 
spectively, as standards. The I R spectra were measured with a 
Specord IR-75 spectrophotometer. 

Esters la--g were prepared nsing the known procedure 
from Ref. I (b.p. of esters: la --  49--50 °C (20 Tort); 

T a b l e  I ,  Characteristics of alcohols 2 a - - h  

Compound B.p./°C Yield (%) 
(p/Torr) 

CF30(C F2CF20)2CF2CH 2OH (2a) 

CF30(CF2CF20)4CF2CH 2OH (2b) 

CF30(CF2CF20)5CF2Ctt2Ott (2c) 

CF3CF2CF2OCFCF2OCFCH 2OH (2d) 
I I 

CF 3 CF 3 

CFaCF2CF~O(CFCF~O)4 7CFCH~OH (2e) 

CF 3 CF 3 

CF3CF2CF20(C, FCF20)8 2CFCH2OH (21") 
I ' I 

CF 3 CF3 

H OC H 2C I F(OC F21 F)mO(C F2)60(CIFC F20),~CIF C H 20 H 

CF 3 CF 3 CF~ CF 3 
m + n  = 4 . 5  

IIOCIt 2CF20(C F2CF20)k(C F20)/CF2Clt 201| (2h) 
M,, = 1600 k/l = I/3.2 

( 2 g )  

123--126 87 
70--71 (20) 72 

78--79 (20) 74 

147--148 70 

127--130 (2) 61 

146--150 (0.1) 66 

66 

71 
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Table 2. characteristics of terephthalates (I) 

Cam- B.p./°C Yield 
pound (p/Torr) (%) 

IM.p./oCI 

IH and 19F NMR, 5 (J/Hz) 

32 131 ( I )  93 
120--211 

3d 146 (I) 95 

3i 168--691 98 

IH: 5.03 (t, 2 CH20, J = 9.5); 8.20 (4 H, C6H4) 
19F: -54.99 (CF30), -76.38 (O~F2CH2), -88.10, -88.23 (2CF20), -90.09 (CF20) 

IH: 4.85 (CH20), 7.89 (4 tt, C61-t4) 
tgF: -80.56, -82.12, -83.48 (3CF3), -81.3 (CF20), AB spin system CF20 -73.45, -83.1 
(J = 150), -130.17 (CF2), -134.28 (CF), -145.2 (CF) 

tll: 4.90 (tt, 2 CIt20, Ij = 13.48, 2j = 1.6); 6.55 (tt, 2 CHF 2, I j  = 52.32, 2j = 4.76); 
8.22 (4 H, C6H4) 
19F: -124.26 (2CF2), -138.24 (d, 2 CF2tl, J = 52.32) 

lb -- 88 °C (20 Torr); Id -- 123--125 °C; Ic -- 208-- 
211 °C; l e -  135--141 °C (2 Torr); I f -  146--150 °C 
(0.1 Torr). The degree of oligomerization of compounds le 
and I rand the values of (m + n) in lg and (k + /) in Ih were 
determined by the 19F NMR method, and the average mo- 
lecular weights (Mn) of compounds lg and Ih were determined 
by ebullioscopy (in C6F6). The synthesis of Ig was described 
previously, 5 and the synthesis of Ih was described in Refs. 4 
and 6. Terephthaloyl chloride was recrystallized from petro- 
leum ether, m.p. 78--79 °C. 

I, I - Dihydro- 2,5-perf luorodimethyl-3,6-diox2perfluoro- 
nonan-l-ol (Zd). Anhydrous EtOH (75 niL) and NaBH 4 
(3.63 g, 101 mmol) were placed into a flask equipped with a 
stirrer, a reflux condenser, and a dropping ftmncl, and ethyl 
2,5-dimethyl-3,6-dioxaperfluorononanoate (50 g, 32 mmol) 
was added dropwise with vigorous stirring and cooling (-10 °C). 
The mixture was warmed to ca. 20 °C and stirred for 2.5 h. 
Then the mixture was heated to 70 °C and kept for 3 h. The 
mixture was allowed to cool to 20 *C and 2 M HCI (50 mL) was 
added. Hydrolysis was carried out at 40 °C for 2 I1. The 
l'luoroorganic layer was separated, washed with H20 
(4×50 mL), dried over MgSO4, and distilled, affording 2d 
(35.1 g, 70 %), m.p. 147--148 °C. IH NMR, ~5:4.21 (d, 2 H, 
CH20, J = 13.10 Hz); 4.95 (I H, OH). 19F NMR, ~: -81.16, 
-82.7, -83.4 (3 CF3), -82.3 (CF20). AB spin system (CF20) 
5A = --?9.4, 513 = --83.1, JAB = 150 Hz, -130.7 (CF2), -137.2 
(CF), - 145.7 (CF). 

Alcohols 2a,b,e,e,f,g,h were obtained similarly, and their 
yields and boiling points are presented in Table I. The IH and 
19F NMR spectral parameters of alcohols 2: l , l -dihydro- 
3,6,9-trioxaperfluorodecau-l-ol 2*,: IH NMR, 5 :3 .10 it, 
CH20, J =9.5 Hz) ,4.34(OH). IgF NMR,&-57 .38 (CF30) ,  
-82.25 (OCF2CH2), -89.90 and -90.09 (3 CF20), -92.12 
(OCF2). 

The IH and 19F NMR of I,I-dihydro-3,6,9,12,15-pcnta- 
oxapcrfluorohexadecan- I -ol (2b) and I, I -dihyd ro- 
3,6,9,12,15,18-hcxaoxaperfluorononadecan- I -ol (2c) are iden- 
tical to that of alcohol la and differ only in the intensity of the 
signals in the 19F NMR spectra. 

I, i - Dihydro- 2,5-perfluorodimethyl-3,6-dioxaperfl uoro- 
non2n- l -o l (2d) : tH NMR, 8:4.24(d, CH20, J = 13.05 Hz); 
4.94 (O!!). IgF NMR, ~: -81.16, -82.69, -83.41 (3 CF3), 
-82.28 (OCF2CF2). AB spin system (CF20) /5 A = -79.40, 
8 a = -82.90, dan = 150 Hz, -130.76 (CF2CF3), -137.22 
(CFCH2), - 145.69 (CF). 

The IH and 1917 NMR spectra of compounds 2e and 2fare 
identical to that of alcohol 2d and differ in the intensity of the 
signals in the 19F NMR spectra. 

Dioi2g:ll-I NMR. 6:4.24(d, CH20, J = 13.10 Hz);4.98 
(OH). 19F NMR, 5: -81.21, -83.72, (all CF 3 and CF20), 
-122.31,-125.69 ((CF2)4),-131.83 (CFCH2) , -145.45 (CF). 

Dial 2h: IH NMR, 5: 3.62, 3.97 (br.s, CH20); 4.42 (OH). 
19F NMR, 6: -52.79, -54.44, -56.18 (OCF20), -88.68, 
-88.80, -81.48 (CF2CF20), -81.98, -83.77, -84.03 
(CF2CH2). M, = 1600 (ebullioscopy in C6F6). 

Reactions of lerephthaloyl chloride (TC) with alcohols 
2a,d,g,h,i. A mixture of I, I -dihydro-3,6,9-trioxaperfluorodecan- 
I-ol (2.22 g, 5.6 retool) and TC (0.45 g, 2.2 mmol) was 
heated at 130--140 °C for 20 h. Then excess alcohol was 
removed and the residue was distilled to afford terephthalate 
32 (I.93 g, 95 %). Terephthalates 3d,i were synthesized simi- 
larly (Table 2). 

The reaction of TC with dials 2g,h under analogous condi- 
tions (140--160 °C; 20 h) gave oily or waxy products. 
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