5537 5 12 R W T B K % ¥ W
J. Wuhan Inst. Tech.

20154F 12 A

Vol.37 No.12
Dec. 2015

XEHS 1674 -2869(2015)12 -0001 - 05

2,2,3, 3 VHRiE-2,2,3,3,4,4,4-L5 T HRT S 1.2

WER L ERT A WMLRERTLE RY
LARTEXFHTEHHFrE, 3k KX 430074
2R TAK FIELRE TRSERE, i XX 430074

HOE DR TR . 2,2,3, 3-TUSIA B 2,2,3,3, 4,4, 4—E R T BER IR, Rl AL FEE L DT A
BEARMT 2,2,3,3- U5 INFE-2,2,3,3,4,4, 4L T 30k 558 TSR EG  BN I EE RN B
) 585 25 AR X P I (P 5 ). S B 2 SR SR B | TR Ak S Ry 7 S I 25 °C, AR T AR AR TR AR L DU U L AR
FEBPEE R BB A 1:3:1.3 S5tk RN B E] 16 h fefd, HIRI=4) &5 T E6508 2,2,3, 3- RN FR IR I
92.3% ; Bk fb S AE 75 CF By 18 h, R = Wyl | Lol T B BRER BT BE IR BBl 1:1.2:0.6 2544 T i
i, 850 2,2,3,3- 0N HE-2,2,3,3,4,4 4L T B, ) S0E 86.9%, 41 98.6% L) |, HE5 %

Rt ER 20 i AN IR R AEA .

SEHRIA A T LRI LR T 2,23, 3-TURPE-2,2,3,3,4,4, 4- LA T LR

FE4ES.0622.2 X HERARIRAD . A

0 851 &

SR — o A S (CFCs) B, R
EIHFEIME (ODP) 2 | IR =RV T H (GWP) I,
HRA SR, B A2 CFCs BUAREC

Z—. SRR K, HIRET AL, TEd
Ve LTIV T AT R BN AT S, H i

0

doi: 10. 3969/j. issn. 1674-2869. 2015. 12. 001

NI B B 5 N Y SCRR IR A

ALY S MO SCHR[4-6], LA gl T JE At
3.2,2,3,3-VUFIAEER 2,2,3,3,4,4, 4L T
Bk IR, ZRBRAk SO kA S & 2,2,3,3-
PUSINHE-2,2,3,3,4, 44— 5 T 5Ll [ 7
v

(o)

[ KOH I
CF+CF,CF,CF, —lsl— F+ HCF,CF,CH, —OH ——3=CF;CF,CF,CF, —ﬁ—O—CHZCFZCFzH +KF + H,0

0

(0]

Il K,CO I
CF3CF2CF2CF2—ﬁ—O—CHZCFQCF2H+CF3CFZCFZCHZ—OH '—3>CF;CFZCFZCHZOCHZCFZCF2H+CF3CF2CF2CF2 _ﬁ —OK+H,0

1 SCIGERSH

1.1 SRR F

DF-101S fERBE eSS TAAUEs A
FRSF AR = 52X 7 e B s s 28, L SCTT T 4848
A BRAFAE = S AT, JE R R P A BT A
AR

A TR R R .2,2,3,3 - VO N BE

YrFE rtiE : 2015-09-21

2,2,3,3,4,4 4—LHTEE, WL ER L TARAF
PR 5 PR Ay [ 245 45 P Ak 22 0 A RS m) A 7 &
S AR RN R Ry AR R A 2= T A

12 &\ TEERNARIENEH)

FE 100 mL = FRIH b 2B B T Bk B ¥4 Bk
PR 22,65 g(0.075 mol )4 T JLAHEIR A129.7 ¢
(0.225 mol) 2,2,3, 3-PUFIAEE, IIA 25 mL 2508
K BEPER 5T 6 5.68 £(0.101 mol) E A ALERIAE T

1EZ BT Al (1988-) , 5 WAL RGN, W -L0FFE AR, WP T5 1) AL T T 20+ AR R A



2 T AR 4R

537 &

12.6 ¢ K H, FFIE IR 3R SR 428 w1 3 i sk
JE YL BE AN R o 40 °C s B I, S IR RE R
B 16 h. S UERR AR, WIREE D2,
WHCT RPN, K 15 mLx3 WK, 15 ] 7= 4
2,2,3,3-PUgR N B4 980 T JEAEPRR 25.95 ¢, IR
92.3% ,SAHZE 99.6%.
1.3 HEREL&TEBREK

1E 500 mL = R4, A 200 mL PR
56.42 ¢(0.15 mol ) HP ] 4 2,2,3,3,4,4,4— LR
T 36 £(0.18 mol ) Fl 12.42 ¢(0.09 mol ) Bk B2 #H
W, FHEZ 75 C, RIZIEFE R N 18 h, 45 5%
HIREIR , SO T 7088 [T AP, i A 00, A 128~
132 CHRAY 1577 20.25 g, % 94.2% , S M4l
98.7%.

2 HR5ITE

2.1 SENHFENHEBEERR

IRASCE ), AT SR IR S DU S PSR
IRHN 1:3, 28RN 16 h. %% KOH & X fili g
(&S A

A 1 7R, R e i R B KOH & Ay 3
TNMER, 7 1.2~1.5 Z [AliE R KAE. 24 KOH M
L 1.8 B, AR MR CRFEAL, vIRRRE M T
KOH &3 K, S5 T 3L mEHUK M, Homiies
FAARG. AT L KOH SRR 1.3.

100

90

80

BARIRYCR /%

701

60 . . 1 1 1
1.0 1.2 14 1.6 1.8 2.0 22

n(KOH ):n (45T SEREHER)
B 1 KOH FExmEEREs I = MR
Fig.1 Effect of KOH dosage on yield of products

22 REHEE/REE AEXEEBER RN

IKABE ), PR3 KOH A F AR | 28 it S i
16 h. B2 K2 B JK LU T 25 5 OO R TR T Wi
YR

PP 2 m] A, i R P AC 4R I S 1 ) PR O L
SRNG5S N I EE IR LR 3 I i
FRERAIISCREEZ TR, AT RER i T2l T LRt
SR L R, S Iy o AR AR T S o i M i
) AN , ST R IR PR MR I . i BT 4K S5 iz o

(], BRI SR 1 T, Pl s ml U 0y 90 B O L de
HHE R 2.5.

100

e
g3

o0
W
T

e}
(=)

1.5 2.5 3.5 4.5 55
n( PSRN ):n (2290 T SRR IR
B2 REYIEEREITWER R

Fig.2 Effect of molar proportion of reactant on

o
n

yield of products

2.3 RBREXEERER YRR

KA R, A9 T LR R DU SN I L SR
FRAEERHEE R LR 1:3:1.3, U0 16 h. AR R v iR
J& B EE R i B B TR R W A 5.

LI 3 AT R R P AR Bt B T I T
L AT 40 CR BERR IR AR R [, Al g
TARETh g, AT R R B S AR RS, Wi
FRIRMSC A FAEARG. P I Al RN S Wil FLIRURE A 25 °C.

100

90

80

TERRIRICR %

70}

60

5 15 25 35 45 55 65
SRR /C
B3 &AREIFWEZIE

Fig.3 Effect of reaction temperature on yield of products

2.4 [ RzRiE) X R ER R U R A 2 A

TR ), A 3R T BE A E 980 U BTN I | =R
AR FORHEE SR Ul 1:3:1.3,30 CRN . HEL R I
[ X8 2 P S P 52 )

il 4 s, B R R RSO3 I s I s ] ) 1
T 24 5 N ATl 16 h B BRI L
TARFEAAS | BUBT N AT 58 4. R e T O, s
e AERTEA 16 h.

2.5 BRERSR FAEXT & BRI

BRI, i RRER 2,2,3,3,4,4,4—L T
M HEREBE SR R 1:1,75 CRW 18 h. BiZ2F K,CO;,
FiE, 8 H B SR A 52



%12 g 45.2,2,3, 3-TUmN-2,2,3,3,4 44— T EBHN AR TZ 3
100 2.7 Iz 7R I8 3 B U R B 22 M)

e}
(=]
T

e
S

’70 1 1 1 1 1 L
7 9 11 13 15 17 19 21

SR ] /h
B4 KAREXH RS
Fig.4 Effect of reaction time on yield of products
HI1E 5 AT UL SBE R B K,CO; A8 1
TS 5 24 K,COs HIRHRE TS 1.3 1 kSR LT
TRREANAS | SRERISCR R, FRIAT DL K,CO, Fef:H]
M 1.3,

100
IS
%_90-
=
= |
# ol
=R
’70 L L L L L L
0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6

n(KoCO5):1/2n (HEBRTR )
5 K,CO, AEX mBAITZEAFMm
Fig.5 Effect of K,CO; dosage on yield of products

2.6 RRZHIEE/R bb R BRI 2R B S 00
PR, DR KCOs AR 75 “CRE
18 h. B2 S TS K U TR, 55 HOGH SR A3 )
M.
Pl 6 AT AN, S Fik WS % il S ) B 20K P Y
gm0 s A 13w SR ILT
DREFAAZ. LT UL, BSOS ZR LR A 1.3 I,

EES SN

100

%90

= |

é’b

&Yl
o
0.9 1.1 1.3 1.5 1.7 1.9

n(-LI T BE): 1/2n (BEARTR)
Bo RREMERAEITRERNFN
Fig.6  Effect of molar proportion of reactant on

yield of products

N ER g ) Bk RS 2,2,3,3,4,4,4—LR T
Mg BRFEREFEBHEE R LR 1:1:0.6,75 CRN. % &
SN B T X6 SR AL 56 1) 5 1

P &7 AT, 7 ) Rk A B sz g s i) ) 14
TIN5 24 5 LA [l 18 h s, Gtk ISR LF-
PRIEANAE | R SO HEAT 58 4. fr AT I, B 7 B
]2 18 h B, FeUfk IR oK.

100
=
X 1
=
= 80
70 L
7 9 11 13 15 17 19 21

2R h
B 7 R RE X R A B

Fig.7 Effect of reaction time on yield of products

28 FYHNESRELE T EBARIET

K= T 5 I

4 321 1 203

CF;CF,CF,CH,0CH,CF.CF,

H NMR ' 7.265 & 5 i 1 %, 5.894 (H,
—CFH)3" SR+ LS5 06, 4.038 (4H,
—CHOCH,—)1 S 1° SR 5 a4~ S 51
U, LK 8.

BC NMR M ZE 2045 \AS U535 o —CFs, 4
SRIE T, —CFH |3 SikFETI§; —CF,—,3
SRR T, —CF,— |2 S RIE 76 —CH,—, 1
SRR s —CH,— 27 S i 06 i i W i
FITE ; —CH— | 1 SRR JE I, WL 9.

“F NMR M 22 847 HAS F 5351 o —CFs, 4
SRIEF =AY —CF,—, 3 SRR
WA R T ; —CF— 2 SRR F B
SR T IYIE ; —CF— 2" SHRIE T A R 7
[ s —CF.H, 3 S St 1~ B A st 1 g 0
UL 10.



R TR KRR 937 %
1 L
ey —
s83 5
80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
B
B8 mEAFHRIL
Fig.8 'H-NMR of the final products
210 190 170 150 130 110 9% 70 50 30 10 -10
P
B9 m&EFIRE
Fig.9 "“C-NMR of the final products
L]
20 -30 -40 -50 -60 -70 -80 -90 —-100 -120 ~140 ~160 ~180 -200

o
B 10 REFMRIEL
Fig.10 “F-NMR of the final products



512 39

g 45.2,2,3, 3-TUmN-2,2,3,3,4 44— T EBHN AR TZ 5

3 4 iE

D4 g T LA R AR .2,2,3,3 - DU FR A I A
2,2,3,3,4,4,4— L T AR, ZRlE A R A
RN AR 2,2,3,3-PUsRINF£-2,2,3,3,4,4,4-
E U T Sk, IR ST T R RO A5 R AR R R AR
BRI 25 °C, 49T REAE IR U SN | SR
ACERBORIEE R HE o 1:3:1.3 BYSE T BB sHE] 16 h
T s B AL SN AE N IR 75 °C, iRl BT
M BRFRATRORHEE R HE R 1:1.2:0.6 BISME R RO
18 h, N &aifsres, 58] 2,2,3,3-MUHA
H-2,2,3,3,4,4,4— LT HlE, ) S AT A
86.9%. %A WU T2 Ao W 45 5 Ak, Ui
A, HA—E N T AR E.

Sk

[1] E#&, B3k, KU BARSERBEEHLH . KHH
FE R s g @ (1], fb THER,2003,22(12);

hydrofluoroether in Japan [J]. Chemical Industry and
Engineering Progress ,2003,22(12):1274-1277.(in
Chinese)

WORH], E554, TGN 2UREEG tRE [1]. /T
HrESHER, 2012, 19(1): 4-6.

GENG Wei-li, WANG Zong-ling, LEI Zhi—gang. Syn-
thesis progress of hydrofluoroethers [J]. Chemical Pro-
duction and Technology,2012, 19(1): 4-6. (in Chi-
nese )

ORKIN V L, VILLENAVE E, HUIE R E, et al. Atmo-
spheric lifetimes and global warming potentials of hy-
drofluoroethers; 65 Reactivity toward OH, UV Spectra,
and IR absorption cross sections [J]. J Phys Chem A,
1999,103(48).9770-9779.

BEHR F E, CHEBURKOV Y. Process for preparing
hydrofluoroethers; W0 ,9937598 [P]. 1999-07-29.
FLYNN R M, COSTELLO M G, BULINSKI M ]J.
Methods of using hydrofluoroethers as heat transfer
fluids; W0O,2011053628 [P]. 2011-05-05.

FONTANA G, GALIMBERTI M, NAVARRINI W. Pro-

1274-12717.
WANG Xin, SHI Lin, ZHU Ming —shan.Research on

cess for preparing hydrofluoroethers: EP,1462434[P].
2004-09-29.

refrigerants, blowing agents and cleaning solvents of

Synthesis of 2,2 ,3, 3-tetrafluoropropyl 2,2,3,3,4,4,4-
heptafluorobutyl ether

YANG Hai-tao',ZENG Tian-yu' SHU Chang*,ZHANG Zhi—peng’,XI Qiang*
1. School of Chemical Engineering and Pharmacy, Wuhan Institute of Technology , Wuhan 430074, China;
2.School of Chemistry and Environmental Engineering, Wuhan Institute of Technology, Wuhan 430074, China

Abstract: The 2,2,3,3 —tetrafluoropropyl 2,2,3,3,4,4,4 —heptafluorobutyl ether was synthesized through
two reactions of esterification and etherification, using nonfluorobutanesulfonyl fluoride,2,2,3,3-tetrafluoro—
1—propanol and 2,2,3,3,4,4,4-heptafluoro—1-butanol as the raw materials. The effects of proportion of re-
actant, temperature and time of reaction on the yield of product were investigated. The yield of 2,2,3,3—te-
trafluoropropyl nonafluoro—1-butanesulfonate reaches 92.3% at the molar ratio of nonfluorobutanesulfonyl flu-
oride, 2,2,3,3—tetrafluoro—1—propanol to 2,2,3,3,4,4 ,4—Heptafluoro—1-butanol of 1:3:1.3, reaction time
of 16 h and reaction temperature of 25 “C. The yield of 2,2,3,3-tetrafluoropropyl 2,2,3,3,4,4,4—hepta—
fluorobutyl ether is 86.4% with purity more than 98.6% at the molar ratio of intermediate, 2,2,3,3,4,4 4—
heptafluorobutyl ether to potash of 1:1.2:0.6, reaction time of 18 h and reaction temperature of 75 °C. The
structure of the product was confirmed by nuclear magnetic resonance hydrogen spectrum, nuclear magnetic
resonance carbon spectrum and nuclear magnetic resonance fluorine spectrum.

Keywords: nonfluorobutanesulfonyl fluoride;2,2,3,3—tetrafluoro—1-propanol ;2,2,3,3,4,4,4—heptafluoro—
1-butanol
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