R

17

W eI E Ty ET LX) xar
v > H VR X WAL

AT I
g S A

Carboxylation of Fluorinated Alkyl Halides via Organozinc Compounds

Mitsuru TAKAHASHI
Hideo SHUYAMA
Yukihiro TSUTSUMI

An effective route to fluorinated carboxylic acids has been developed on the carboxylation of fluorinated

alkyl halides via organozinc compounds. Improvements were made for the production of some

perfluoroalkylated carboxylic acids which are in use as the high quality surfactant for special purposes. High

yields were attained under appropriately pressurized carbon dioxide, and the selectivity of carboxylic acid pro-

duciton was found to be largely dependent on the concentration of carbon dioxide in dimethylformamide used

as the solvent. The method was found also to be applicable to the syntheses of perfluorinated dicarboxylic

acids and o-trifluoromethylacrylic acid.
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C7H15CO;H—>C7H15COCl > C7F15COF—>
C;F1:CO.H
2) TuFAYE—va ik
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CFu n=1, 2, 3, 4---
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Fig. 1 Scheme of Increasing Pressure Apparatus.
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| 100 Table 1 Carboxylation of CgF7I with Zinc under
"o----'--..___.____________________. COg Pressure.
xl =
CO, :
=B Solv. Temp.  Pressure Concentration Yield
—~ A
Sl \A\é (°C)  (kg/em?G)  (Mol/t) (%)
o
E 60 2.5 0.38 80
nor 35 2.5 0.59 91
$ 60 5 0.70 93
I 1 1 1 |-I 1 2. .
10 20 30 :10 50 650 DMF 15 5 0.99 95
Temp. (C) 35 5 1.04 94
Fig. 2 Influence of Reaction Temperature under 95 5 1.29 96
Atomospheric (—A—) and increasing 60 10 1.34 91
(— ® —;5 kg/cm?G), CO, Pressure. 35 10 1.94 98
Total Reaction Time 3-5 hr.
5 5 : 38
DMAc 3 0.96
35 10 1.61 91
fbzK-7TcbDTH Y, CGFl o THEER NMP 35 5 0.79 87
0.07~0.08 mmol/min TfJ -7, MEHEIIREEY 2 E 35 10 1.45 90
5 kg/cm?G, EAEE 0.15~0.2 mmol/min TIT - 7ok DMSO 35 5 0.69 78
BER LI, 35 10 1.30 86

B R\, Z ORERH CREE T 7 EHE X
fte (10°C LAUF TR BRI R 23100% & 72 6 72278

CgF7I 20 mmol, Zn 60 mmol, Solv. 80 me¢, Feed
Speed 0.07-0.08 mmol/min, Total Reaction Time 5

1) Olext LT, REEH 2 ME T CRIE &5 & &1 & hr.

STRHRRFEEVPRD NS & EbiC, RESHF T
EETaflcx sz 0¥ -7, Table 2 Henry Constant (H)

Eh, CHETESEIN TS LS R #E— ik &3 (at 35°C-80 mé Solv.)
BT B0 7 X OB K OB 2 IEEGILIE 2172 b Solv. "

&b, EMKREOMILERE LR TG T LItk - DMF 1345
TEREABRTE L2 L BB L -1, DMAc 19, 05

(2) REEHXRBEOWRIIRIFTHE NMP 10. 80

PER N C, KIBED, i, etz (ERE DMSO 9.30
Tl > 1ok R % Table 1 (27Rd, BEEAFORMEY 2
BRI, BIEMERTER A THRICEE QOR Y
40°C), EJ (5K 10kg/cm?G) &%z TREEH 2 100 =3 o
WINE ZRIE LR DI, BohSfBmEo~ ) —#

% Table 2 iR,

Table 1 &> DMF o5 & Hic BE 7 = 16 & or
WROBER% Fig. 3 Icmd, M, Fig. 3 hicEERIG -

DR (M) EHER UL, BEEOBEORBIZ  ©
W, REEY A BIUNER RS b EEETH 1ke/ 2 S0r 0 15¢
cm? CAME L E 2R Ui, Fig. 3 a3, K :32?:
JEBUR & R A YRR W FEBEVE S 4, BB o SR E ol ‘A) ggg (Atomosphere)
Ik BT, Bic 15~40°C OREHATE, RS A 40C (Atomosphere)
L ) —Calcdl.(See Text)

HARBEOBMCL b DEEL NS, E-T, K
F A REN IR ISR & AKET 2 W ERIG TiEEiIR
FALIRHETH D 2 ENREIN S,

B "

!
0.5 1.0
CO: Conentration (Mol/D)

Fig. 3 Effect of CO; Concentration in DMF.
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Fig. 4 Hypothetic Reaction Route.
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Fig. 5 Effect of Feed Speed.
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Fig. 6 Variation of CO; Concentration in the
Assumptive Boundry Layer.
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TH Do
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Fig. 7 Relation between CO; Concentration (Cy;)
and Cp.
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G & LB EnER %Y Fig. b MEFTRLE, Zhic
T, KIGHEEED L2 LItL > TR LIEARE &
KESLTHBNEZERFR TELEHEIND LT,
REEH AE % 10 kg/cm2G (23 LTS LIcER, b
kg/cm?G ORIGHE T CTREK F2ARD bk ARE
THENENERTE S EAHR SN, (Fig. 5 &
O T/ T),
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{t4 [CFsCFACF:CFp).l, n=1, 2, 3, 4] 4%, KEHN
BB OBMTLIEMCAFIETHY, b il
RELTHELND I ARV, FREHETICHRHZRE
PTRb T 5, Bl LR & 2 Hlgs — REEH X
AHEA LIRS Table 3 ITmd, WTFhOBEIC

Table 3 Synthesis of Perfluoro-monocarboxylic acids.

Ril Temp. 5.°02  Feed Speed Yield

Pressure
(°C)  (kg/cm?G) (mmol/min) (%)
C4Fol 25 5 0.34 91
CeF1sl 25 5 0.34 94
CgFy71 15 8 1.8 95
CioF o I* 35 8 0.36 82

Solv. DMF 80 m0, Each Rfl 20 mmol, Zn 60 mmol,
Total Reaction Time 5 hr.
*:Solv. DMF/THF=9/1
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HREE S A MRS 28R A5 2 s kv @R b E
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BIREETT), XRIRKILERYIE RIL OBA LR
BWicd-& Feu7ata~r2 o8 (HCF,CF.CFE,

Table 4 Synthesis of Perfluoro-dicarboxylic acids.

IRi-I  Temp. Prgs(glzlre Feed Speed  Yield
(°C) (kg/cm?G) (mmol/min) (%)

ICFd 15 10 0.15 82

ICF)l 15 10 0.15 81

[RfI 20 mmol, Zn 120 mmol, Solv. DMF 80 m¢, Total
Reaction Time 5 hr.

100
/D‘
a
o 80F "
2\? / O ©
o (o]
c //’ .
& —
60 |- d
’ /0/ O 5C (Select.)
o 15C
® 35¢C
40 o9 © 60C
1.0 2.0 3.0

CO; Concentration (Mol/1)

Fig. 8 Effect of CO; Concentration and
Temperature in the case of Dicarboxylic
acid synthesis.

I(CF2)] 20 mmol, Zn 120 mmol, Solv.
DMEF 80 mf, Feed Speed 0.15 mmol/min,
Total Reaction Time 4 hr.

CF;CO:H) TH b, BHEHE v o RIERITIN0% & 72
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FHE e EMAVCGHCIEH NS 2HBERET7 vHRD
WRUVBETH B, B RBITAKBC LY Z0EYE
ERT 2B A AFRAERERE LT, 2-TrELY 7
nAerry (LIF BTFP EBT) 2355, Lol
BTFP W &E#EAMMICBERINERE v 2F
THZE, FhIVETHRSREVBEA LD &
26, ki Ui RL o RIGH 63 EHICEH#TET,
EEATFRICID2EMZBEAEREI N TG0,
BTFP #ZR¥ & L — REEN R B X Y @K T
TFMA # &80T & LIRS G RFIY ([Tl Lavde b o
3z MEREALSERD & E 2 et 2B L,

£, AWTAFwH AR CBEERTERICHRE
ez, AEOEET T TFMA 6l 2R L, ERE
Table 5 7”7, RII oKL EHE L, FEto &zt
REBHLHICRFHRZEL, FRELELOTH -
oo

Lo L e, A AR & Rk & DR 2 4L
RIGWFEAM AT v AEEROYBRIGIC S T+ 5
CEERHLTE Y, o, hrBEoERELR
MT2Z L > TREEM ETE2LV5MA -
Tfel?, 22C, ZOBECSEEOHE LR LK
EETHR - 1fER, TFMA IR ETCE52 &R

Table 5 Carboxylation of Bromotrifluoropropene

with Zn.
Temp CO;  Reaction TFMA (%)
" Pressure  Time  Conversion Yield Selc.
(°C) (kg/cm?G)  (hr) (%) (%) (%)
35 5 5 40 18 44
35 5 24 93 41 44
60 8 24 98 29 30

BTFP 40 mmol, Zn 120 mmol, Solv. DMF 80 m#,
Feed Speed 4 mmol/min.
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Table 6 Effect of Additives on the reaction of BTFP. L
— M 90 |
TFMA
Additive Conversion  Yield Selectivity £ so0f " ' &~
(%) (%) (%) = 8 ,
- & ] o 15¢C
LiCl 100 79 79 0 & o 350
NaCl 100 ! 71 o 60C
NaBr 100 72 72 Rt ; | .
KI 100 74 74 1.0 2.0 o 3.0
CO; Concentration ol/1
KCl1 100 7
Me,N-B 00 60 67 Fig. 9 Effect of CO, Concentration on the
e r ! 7 70 TFMA-Yield in the presence of LiCl.
CaCl, 100 38 38
ZnCly 92 35 38
Na,CO; 78 33 49 THEt Lo, $58 % Table 7 (2/x, Table 5 iz=

" BTFP 40 mmol, Zn 120 mmol, Additive 60 mmol,
Solv. DMF 80 mé, Feed Speed 4 mmol/min, Temp.
35°C, CO; Pressure 5 kg/cm?G, Total Reaction Time
24 hr.

Table 7 Carboxylation of BTFP with Zn in the
presence of LiClL.

o, TFMA
essure e Conversion Yield Select.

(°C)  (kg/cm?G)  (hr) (%) (%) (%)

Temp. Pr

35 10.6 1 78 66 84
35 10.6 3 95 79 83
35 10.6 5 100 81 81
35* 10.6 5 99 80 81
15 3.1 5 97 75 77
35 5.0 5 100 79 79
45 2 5 100 76 76
60 .0 5 100 73 73
35 15.0 5 100 82 82
35 2.0 5 97 67 69

BTFP 40 mmol, Zn 120 mmol, LiCl 60 mmol, Solv.
DMF 80 m¢, Feed Speed 4 mmol/min.
*;Feed Speed 0.8 mmol/min.
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