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Synthesis of 1,1-dihydroperfluorooxaalkan-1-ols and their
interaction with terephthaloyl chloride

E. N. Ushakova,* O. V. Konyushko, A. A. Glazkov, and S. P. Krukovsky

N. D. Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences,
47 Leninsky prosp., 117913 Moscow, Russian Federation.
Fax: +7 (095) 135 5328

A scries of 1,1-dihydroperfluorooxaalkan-1-ols and o.0,w,w-tetrahydroperfluorooxaal-
kanediols has been synthesized. Some tercphthalates were synthesized by the reaction of
these alcohols and diols with tercphthaloyl chloride.

Key words: I,1-dihydro-3,6.9-trioxaperfluorodecan-1-ol, I.1-dihydro-3,6,9,12,15-penta-
oxaperfluorohexadecan-1-ol, 1,1-dihydro-3,6,9,12,15,18-hexaoxaperfluorononadecan-1-ol,

I.1-dihydro-2,5-perfluorodimethy!-3,6-dioxaperfluorononan-1-ol,

1,1,3-trihydro-

2.2.3,3-tetrafluoropropan- [ -ol, terephthaloy! chloride, terephthalates of fluorinated alcohols.

Block-copolymers consisting of macromolccular frag-
ments of different chemical natures make it possible to
creatc 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 fluorine-containing alcohols and diols is per-
formed, and their reaction with terephthaloy! chloride is
studied. This interaction is a model of one of the
pathways of the formation of block-copolymers of the
following structure:

—OCH,RPCH, —OC—Ar—C—(0Ar ' —OC—ArC)>—
il il I i

Ar = GH, etc.; Ar’ = GH,—C(CH,;),—CgH, elc.:

R = (CR,CF,0),(CF,0)CF,:

(‘)F(OCFz(i‘,F)mO(CFz)GO(Cl}FCFzO)n(llF

CF,  CF, CF, CF,

The vitrification temperature (7g) of perfluoropolyes-
ters depends primarily on the structure of the monomer
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unit; the values of T, arc =53, =73 and —175 °C (the

calculated value),! for the polymers of (?FCFzO)M .
CF,
(CF,CF,0),, and (CF;0),, respcctively.
Perfluoropolyesters of (CF,CF,0)(CF,0), are dis-
tinguished exclusively by the high thermodynamic and
kinetic flexibility of their chains ("superflexibility”)? and
possess extremely low Tg values (below —140 °C).! Oli-
gomers containing the above units in their chains are
formed by the anion polymerization of perfluoroolefin
oxides or in the photochemical oxidation of per-
fluoroolefins with oxygen. The alcohols and diols with
different structures of perfluoroalky! radicals presented
in Table | represent the model compounds of perfluoro-
polyesters prepared by the methods listed above.
Methods for the reduction of the esters of perfluori-
nated acids or the corresponding acyl halides to fluo-
rine-containing alcohols of the general formula
R—CH,0OH are known? We prepared a series of
1,1-dihydroalcohols containing perfluoropolyester frag-
ments of different structures (see Table 1) by the reduc-
tion of perfluorooxaalkanecarboxylates with NaBH,.

1) NaBH, EtOH

Vi 2) H,0, H*
R—C 2 R — CH, OH
\ ! 2
OR
1ta—g 2a—g
R = Me, Et

The reaction of alcohols Za—h with terephthaloyl
chloride affords the corresponding terephthalates
3a,d,i,g,h in high yields. Depending on the type of the
fluorine-containing group, these terephthalates are lig-

Table 1. Characteristics of alcohols 2a—h

uids or crystalline solids; the characteristic band at
1745 cm™! (C=0) is present in their IR spectra.

(o]
N v
JC L + 2RCHOH —»
Cl Cli 2a,d,i
o)
N O 7
— Cc C
/ AN
R,CH,0 OCH,R,
3a,d,i
I: R, = CF,CF,H
O
N, 7
P C_ + HOCHRCHOH —
ci c
2g,h
0] (0]
[\ Vi
OCH,R,CH,0—
3g,h n
Experimental

The 'H and '"F NMR spectra were recorded with a
Bruker AC-200P spectrometer using HMDS and CFCly, re-
spectively, as standards. The IR spectra were measured with a
Specord 1R-75 spectrophotometer.

Esters la—g were prepared using the known procedure
from Ref. 1 (b.p. of esters: la — 49-—50 °C (20 Torr);

Compotnd B.p./°C Yicld (%)
(p/Torr)
CF30(CF,CF;0),CF,CH,0H (2a) 123—126 87
CF;0(CF,CF,0)4CF,CH,0H (2b) 70—71 (20) 72
CF;0(CF,CF,0)sCF,CH,0H (2¢) 78—179 (20) 74
CF,CF,CF,0CFCF,0CFCH,0H  (20) 147—148 70
CF, CF,
CF]CFzCF20($F‘CF2O)‘1 7CF(|:HZOH (2e) 127130 (2) 61
CF, CF,
CF\CF;CF,0(CFCF,0); ;CFCH,0H (20 146150 (0.1) 66
CF, CF,
HOCH,CCFOCF,CR),0(CF,)0(CFCF,0),CFCH,0H  (28) - 66
CF, CF, CF,

m+n =45

HOCH,CF,0(CF,CF,0)k(CF,0)/ICF,CH,;0H (Zh)

M, = 1600 k/1 = 1/3.2
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Table 2. Characteristics of terephthalates (2)

Com- B.p./°C Yield 'H and '9F NMR, § (J/H2)
pound (p/Torr) (%)
{M.p./°C]
3a 131 (1) 93 'H: 5.03 (1, 2 CH,0, J = 9.5); 8.20 (4 H, CgHy)
[20—-21]} 9F: —54.99 (CF;0), ~76.38 (OCF,CH,), —88.10, —88.23 (2CF,0), —90.09 (CF,0)
3d 146 (1) 95 'H: 4.85 (CH,0), 7.89 (4 H, CgHy)
19F: —80.56, —82.12, —83.48 (3CF3), —81.3 (CF,0), AB spin system CF,0 —73.45, —83.1
(/ = 150), —130.17 (CF;), —134.28 (CF), —145.2 (CF)
3 [68—69] 98 TH: 4.90 (11, 2 CH;0, 'J = 1348, 2/ = 1.6); 6.55 (i1, 2 CHF,, 'J = 52.32, 2/ = 4.76);

8.22 (4 H, CgHy)

19F: —124.26 (2CF,), —138.24 (d, 2 CF,H, J = 52.32)

Ib — 88 °C (20 Torr); #d — 123—125 °C; le — 208
211 °C; le — 135—141 °C (2 Torr); If — 146—150 °C
(0.1 Torr). The degree of oligomerization of compounds le
and If and the values of (m + n) in 1g and (k + /) in Th were
determined by the '"F NMR method, and the average mo-
lecular weights (M,,) of compounds Ig and Th were determined
by ebullioscopy (in CgFg). The synthesis of Ig was described
previously, and the synthesis of 1h was described in Refs. 4
and 6. Terephthaloyl chloride was recrystallized from petro-
leum ether, m.p. 78—79 °C.

1,1-Dihydro-2,5-perfluorodimethyl-3,6-dioxaperfiuoro-
nonan-1-ol (2d). Anhydrous EtOH (75 mL) and NaBH,
(3.63 g, 101 mmol) were placed into a flask cquipped with a
stirrer, a reflux condenser, and a dropping funncl, and cthyl
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 h. The
fluoroorganic layer was separated, washed with H,0
(4x50 mL), dried over MgSO,, and distilled, affording 2d
(35.1 g. 70 %), m.p. 147—148 °C. 'H NMR, 5: 4.21 (d, 2 H,
CH,0. J = 13.10 Hz); 4.95 (1 H, OH). '9F NMR, &: -81.16,
—-82.7, —834 (3 CF,), —82.3 (CF,0). AB spin system (CF,0)
3o = —79.4, 55 = —83.1, Jog = 150 Hz, —130.7 (CFy), —~137.2
(CF), —145.7 (CF).

Alcohols 2a,b,c,e.f.g,h were obtained similarly, and their
yields and boiling points are presented in Table 1. The 'H and
9F NMR spectral parameters of alcohols 2: 1,1-dihydro-
3,6,9-trioxaperfluorodecan-1-ol 2a: 'H NMR, & 3.10 (t,
CH,0, J =9.5 Hz), 4.34 (OH). 'F NMR, &: —57.38 (CF;0),
—82.25 (OCF,CH;), —89.90 and —90.09 (3 CF,0), —92.12
(OCF,).

The 'H and 'F NMR of |,1-dihydro-3,6,9,12,15-penta-
oxaperfluorohexadecan-1-ol  (2b) and 1,1-dihydro-
3,6,9,12,15,18-hexaoxaperfluorononadecan-1-ol (2¢) arc iden-
tical to that of alcohol 1a and differ only in the intensity of the
signals in the '9F NMR spectra.

1,1-Dihydro-2,5-perfluorodimethyl-3,6-dioxaperfluoro-
nonan-1-ol (2d): 'H NMR, &: 4.24 (d, CH,0, J = 13.05 Ha),
4,94 (OH). 'F NMR, & —81.16, —82.69, —83.41 (3 CFy),
—82.28 (OCF,CF;). AB spin system (CF,0) 8, = —79.40,
8g = —82.90, Joy = 150 Hz, —130.76 (CF,CFy), —137.22
(CFCHjy), —145.69 (CF).

The 'H and '"9F NMR spectra of compounds 2e and 2f are
identical to that of alcohol 2d and differ in the intensity of the
signals in the 'F NMR spectra.

Diol 2g: 'H NMR, 5: 4.24 (d, CH,0, J = 13.10 Hz); 4.98
(OH). 'F NMR, & —81.21, —83.72, (all CF; and CF;0),
—122.31, ~125.69 ((CF,)4), —131.83 (CFCH,), —145.45 (CF).

Diol 2h: '"H NMR, 5: 3.62, 3.97 (brs, CH,0); 4.42 (OH).
I9F NMR, & —52.79, —54.44, —56.18 (OCF,0), —88.68,
—88.80, —81.48 (CF,CF,0), —81.98, —83.77, —84.03
(CF,CH,). M, = 1600 (cbullioscopy in C¢Fg).

Reactions of terephthaloyl chloride (TC) with alcohols
2a,d,g,h,i. A mixture of 1,1-dihydro-3,6,9-trioxaperfluorodecan-
I-ol (2.22 g, 5.6 mmol) and TC (045 g, 2.2 mmol) was
heated at 130—140 °C for 20 h. Then excess alcohol was
removed and the residuc was distilled to afford terephthalate
3a (1.93 g, 95 %). Terephthalates 3d,i were synthesized simi-
larly (Table 2).

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

This work was financially supported by the Russian
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