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Z KR 50 I I R O, B R $ A
(Kharasch reaction) , BL7EH 8% FRAE R F5 4 H H
FEMBL R (ATRA ), AP — R E A

BOL, A R R -BR B R Y LR I
5 i e 4 R SR SORE, E A SR ODS AR i A
AR AL S dh A R R (B . Eedn,

(fluoro monomer, fluorinated block)
CF;CH=CH,

CClL,CH,CH,Cl

T CH,=CH,

CF3;CH,CF,CH; <=— CCLCH,CCl,
HFC-365mfc
(blowing agent)
CF;CH=CH,

CF3;CH=CHCF; <— CF3;CHCICH,CCl,

Z-HFO-1336
(blowing agent)

CCl
CH, CH3CC1=CH2@ CH,=CHCI

CCl;CH,CHCl, —> CF3;CH,CHF,
HFC-245fa
(blowing agent, refrigerant)

Xﬂzjcclz

CCl;CH,CCl; —> CF3;CH,CF;
HFC-236fa
(fire extinguishing agent)
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Fig. 1 Synthesis organofluorine compounds by means of telomerization of CCl, with rarious alkene
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YT L HA: 2015-01-04; &[] H A : 2015-02-02.
EEUWE : PPy E R QI LRI H (2012KTCLO1-01 ).
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Fe(CO);"" | RuCl, (PPh, )" o5 SE4R I A 4
S5, Hirp Fe/FeCly /8 R T 1R 22 AH bb A 4 b 4 &R
BA MRS A0 BEN 15 . ROV AR FR I il
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TEFEME.
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FEOR F LR A ) U SCHk SRR TR
RFBN %, T AT FeCl,/ BERRBRAC A )
LS HG R 38 PR B R ARE . ik, FRATLA
FeCl,/ iR =T Mg (TBP) AL, fEfL U ibin S
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JEER WL S ROG S (ZLA0, AR W) Jr ik ar b T
FeCl,/TBP B HI7E SOWAR Z i i 254, S8 i 8l )2
SRS TR IRASHE SAE TS PR OCHK.

1 259
L1 XF 5L

WA S OK . PSRRI Tl &b, Bk,
ToRK AT R — T BR¥ 5 Hrak.

IXA%: B DDS-307A AU T 34 (B
PR A R A 7)) 3 Nexus870 %I FT-TR A 4L
AP (36 Nicolet fUAF A ] ) 5 & H: GC-2010 <,
FHETEAL(H AR AT 5 UV-2802 44 A2 4 AT
WA IEIE R (S E IR A vl )

1.2 ¥Rl E

12,1 igs it F BT fif il 28 79 FeCl,/TBP [y
CClL, ¥, fE= FIEBEEM B SE, W3
K, BOFHA.

1.2.2 204Mes iR 6] 5 1) FeCl,/TBP 1)
CCl, %, FeCl, ¥E 7 0.5 mol/L. X FT-IR %I
LIANEIE, FREATERTEE R 400 ~4 000 em™ , 434
K4 em™, HFHREL 10 K.

1.2.3 2R4hA] W OG5 R FHEE R LL 32 00
TBP 5 FeCl, fECAHL LAY, [ FeCly ¥R 1. 0x
10 mol/L, p7s TBP [k EEH 1.0x10™ ~ 1. 0x
107 mol/L, ‘23 " I 52 VA VLA W O . R T 4 g
IREESEAL I E TBP 5 FeCly, fRLAL LI, [ 5E
FeCl, 5 TBP ¥k i 22 #1/ 1. 0x 107 mol/L, P4
TBP 5 FeCl, fYBE/RIL A 0.5 2 1 ~3 2 1, ZE T

TE LG
1.3 B =L

TSR T LN a2, Hahfas AAE
b, IR e, KRG,
e A8 SR PR IR A, IR PRI R 1 °C.

PURIRAEAN R : # 4.0 g TOAKALERFN 9.6 ¢
WEIR = T HRINAZ 500 g P4 b, HEHEH5 1
ARNE#E, A 0.25 g &y, % E RN A
0.5 MPa AR R, BRIV asAWG, 5
JEA P A, A H— IR PER A 50 g 5L
a5, AR 90 CIHF4efrtae. T, FEfh gt
RSN E R NN A T

SABETEAL AT 25 F: DB-5 B4 1 (30 mx
0.32 mmx0.25 um), F Kk (FID) £ 5.
280 C iR IRE : 250 C; FHRAEF: 50 ClHR
5 min, [5G L4 10 °C/min BY33# FE M 50 C TR ZE 250
C, PRFF3 min. 58 L0 1 7% A 3 R A —fk il
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VR, FeCly SECHR TBP /EFI AT LUE b 0 &
Wk & B TR A P AT L I I v
L A AR . [ 7E FeCly ¥ 0. 005 mol/L
Bf, 24s TBP 5 FeCl, BYEE /R r(r = [ TBP ]/
[FeCly ] ), £Er N 1 ~100 RGN, WA BE R
RN 0. BEJE W E =3, FeCly ¥ JE 705 A
0.005.0.05 F10. 1 mol/L B}, ¥R EE /R i 53R 4y
52 0. 0 F10.00206 ohm 'mol 'em®. KEH %
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2.1.2 FeCl,/TBP BLEWINLLIMGIE X FeCly/
TBP BLEHi) CCl, iR T LM GG . 18] 2
ML AT LIES], 4 r=1R/, BK TBP ££ 1 280
em™' 4k P =0 452 3 UL 2, #E 1 186 cm™
A BT R R RSO0 , 32006 TT DL A A i Y
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WA =2 13 5 BUHT AT U T A
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R 2 MR 1 AT IS, 2 r $INE 4 16 i,
LT AR IR S RE R KL AR 5 4 TBP (AL #E LT r=3
(LT SN, 751197 F11 239 em™ AW 2 |

FE 1263 em™ Ab B s , A3 HT R U 5
BEIAH) v (P =0) Bl SIS PI0G » (P =0) Bl
BETARE. PEAT LAERYS TBP 5 FeCly fEE/R
FERT 3 B, FeCly Bz A

r=1

r=2

r=3
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€ 2 FeCl,/TBP(r=1, 2, 3, 4, 6) ¥ CCl, IE R AL IMEIE A
Fig. 2 The infrared absorption spectra of FeCl,/TBP
(r=1,2, 3, 4, 6)complex

&1 FeCl/TBP i CCl, BREZRLIMNRULEF RBERERAE
Table 1 The IR data of ligand and complex(cm™)

TBP r=1 r=2 r=3 r=4 r=6 Assignment
1280 s 1186 s 1195 s 1197 s 1263 s 1265 s v(P=0)
1235 sh 1235 w - - 1235 sh 1235 sh -

- - 1237 m 1239 s - - v(P=0)
1028 1s 1038 rs 1036 rs 1033 rs 1031 rs 1030 rs v, (P-0-C)

note; v stretching; v, :

g5 2SN 45 R R W] TBP @it P = O Hrh
1 O JiiF5 FeCly Ffz, ek TBP 5 FeCly [FJEE /R
o, rifl 1 3INE 6, ARG FeCl,(TBP) , rft
n FREN 1, 2 803, HEREAIECH 3.
2.1.3 FeCl,/TBP Jt 45 # 1 5 SM W IS O 3 X}
FeCl,/TBP L& CCL, AT 58 50 Al WL i
FEIE . ALl TBP (1) CCL, R JC 5 H M i,
T BC A HIAE 345 #1260 nm AbAg Fe R licid (181 3)
AH 5 SCHRARGE ) POCL, - FeCly (g ) F MR HCIAE (346
257 nm) JEH T, ZWOE ] 8§ T ECR TBP
5 FeCly P i i AL a6 A0 ka1

TEFE N, =345 nm LRI, 43 5R FHEE R L
RN A B R % 2 AR E TBP 5 FeCly (LA

asymmetry stretching; w: weak; m: middle strong; s: strong; rs: rery strong; sh: shoulder

240 300 360 420 480
Wavelength/nm

] 3 FeCly/TBP (r=1) iy CCL, ¥ 19 55N AT WO e 1
Fig. 3 UV-vis spectra of the FeCl,/TBP(r=1) complex



4 hOF &

29 %

b BEESRHEER ik, RIRE  FeCly ¥RIE, wiAs
TBP 5 FeCly fyBE/REL (BT 4), WELE N, =345 nm
Qb P W R B, SIS 45 SRR W TC 5 W W O BE T
r=2 BB &, BiS r ARS8 K % 10 O RETCH]
Bk, IR TBP 5 FeCl, fRCAIEL A 2 ¢ 1.

0.8 [ ] - - -
<
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[]
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Bl 4 BEIR LRI AE FeCly(TBP) , ML %L
Fig. 4 Determination of the FeCl;( TBP ), complex by

molar ratio method

FeA5 R FH A5 B IR 878 A0 (Job 7)) BfIA L &
P BB AIEL n. B E [ FeCly ] 5 [ TBP ] ) SR
BB LE B, TE N, =345 nm Ab A [ FeCly ]/
[ FeCl, | +[ TBP ] 5056 B i A5 (b &l MBS HhmT L
BHEE[FeCl, /[ FeCly ] +[ TBP ] Jy 0.5 I 3R45 5 K
WSC(E, BPECIA TBP 5 FeCly BYBCAZEL R 1 ¢ 1.
P ME SRS 1 43 BT 245 B B ik TBP 5 FeCly 1)
Bofike k1 1 A2« 1, tufil TBP X} FeCl, 1R =11
Bepr g, vT LUR AN RO L B A 4.
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S SRR IR ELAEMREINE FeCly(TBP) , HYRCALEL
Fig. 5 Determination of the FeCl;( TBP) , complex by

continuous rariation method

25 FEEIRHL I E | ZLANGTE TN SN SO
SrRTES R, 1E CCL ¥, TBP 5 FeCly KA T L
BLE, TR PE NG #) FeCl, (TBP) ,, ZM& Y
H IR n AT LLR 1, 2 353, P4 TBP A L)
DA AR S FeCly BUAz, X5 3CHRHGE
() Fe™ SPRERAIEAL T < 1,1 :2, 1 :3 /11 : 6 YL
AT SERZBRIERL 1AL 3 AW
TR
2.2 FeCl,/TBP B &H B0 & R i 1%

KR BN 124 1) 7 :0F 98 FeCl,(TBP) , i
FRTEE, BISE R — 3 I 2 S0 AR A5 A [ e 457 X
FeClL,(TBP), I MH R H 4. £ CCl, i = AE O
T, B In(1-X,,.,) SEFE]  FER, LA R ok
FEZRB(R?) H 0.970 ~0.995, FHIG LI 1Y L RE
HHE—H(E6)™ . L X,,0 O, HEMRIETT
FEAAF N5 & 1. IR TBP 5 FeCly 8 /K
o r Y — PR R by, FORNES ] K 1, W3R 2.
R 2 WA, TEr i1 ~3 W), k,, BZE r 0938k
HK, 1, A r B3I/,

ncl)

Ln(1-x,

0 200 400
t /min

K 6 AR[H TBP 5 FeCly (WEE/RH (r) FECAHIN
TEAL ST — 3l ) 2 2%

Fig. 6 First order kinetic plots for telomerization of

tetrachloromethane with chloroethylene promoted
by molar ratios of TBP to FeCl,(r).
Reaction conditions; [ Fe] : [FeCl,] : [CCl, ] =0.0014 :
0.0076 : 1, [VnCl] : [CClL]=1:4, T=90 C.

FURIA 3 FHLIR A 22 pd AU S AR I Y TR 2R I
B, S al B e AL | i 2 AR AR SR AL AN
4R JEHLFE . Fe/FeCly J2 L7 (1) 4810 JE
AR ZR , — A Ry AL I 5 S0 vT A 2 A1 =X
EALIE JFHLER 20 ML R A (Scheme 1) .
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& 2 INFE TBP 5 FeCl, BEERLL (r) THI—REREH k,,, FURBL5|I K H 1,

Tab 2 The apparent rate constant k,,, and the reaction induction period ¢, of molar ratios r

r k o/ min”! tp/min Constitutes of the complexes '
1.0 0 - FeCL,;(TBP) (100% )
1.2 0. 00295 159.7 FeCl,(TBP) (80% ) , FeCl,( TBP),(20% )
1.5 0.01302 74.1 FeCl,(TBP) (50% ) . FeCl,(TBP),(50% )
2 0. 02549 38.3 FeCl,(TBP),(100% )
2.4 0. 03495 33.1 FeCl,(TBP),(60% ) . FeCL,(TBP),(40% )
2.7 0.03979 28.4 FeCl;(TBP),(30% ) . FeCl,( TBP);(70% )
3 0. 04909 7.4 FeCL,;(TBP),(100% )

note: 1. The constitutes of the complexes are calculated based on mass balance.

K
Fe +2 Fe CL(TBP), — > 3 FeCL(TBP),,3

CCly+FeCL(TBP),,,3 —:2\ CCly + Fe CLy(TBP) /3
2
. K ,
CClL+CH,=CHCl —— > CClL,CH,CH,CI
CCLCH,CH,Cl + FeCly(TBP),y3—4 > CC1,CH,CHCI, + FeCly (TBP) 2,73
. 5 ks
écy + CCly—=> C,Cl
K= 1 Fe/FeCl, fiAb TS 0IK S 5 L0 T8 R R

Schemel Telomerization of tetrachloromethane with

chloroethylene promoted by Fe/FeCl, redox catalyst

%5 1 2 Fe ¥4 FeCly i R BN S 1 FeCl,; 25 2 25
FeCl, YEF] CCl, ;=4 H 3 - CCly, i FeCl, N4
AR FeCly, N EAN AT RN 5 55 3 2577 A )
A3 - CCly i pk ) & & b= A % B il 3
CCLCH,CHCI; 45 4 3 [ 3t CCLCH,CHCI M
FeCl, 4% CLA52] 1 = 1 Mk, 1 FeCly L)
B FeCl, 58 AEARITE R ; 55 5 20 R H i3S EK
N7 R AE AN W #E FeCl,, 2R FeCly. % AL
P 551 RS 2 OB N, 553 ~5 R
TN

i Scheme 1 RIHI, £/ 5| & BIHHNE], AT LA
RS 1L 2 B RN, YR AT # ¢
B, 565 2 D ROGR B (O 7RIS 2, R
WK BRI 4 R AL S AR, TR SCne] )

[+ CCLI[FeCl,] K,
CCL [ FeCL] kL, (0

i FeCl, 5 CCl, ny¥k B 78 )z v i 72 A8 b
RN, B [ FeCly] F1[ CCL ] FTLIACIER H 4L, 4

_ I:FeCl_?;:IO ZH N .
o Rloa] TR

[FeCl,] =K,[ - CCL,] (2)

[FIEE, 55 120 REE 2 PR N ket e R R
HH A Y FeCl, 0 - CCL, AT 1R 2R

[FeCl,], + [+ CCl], = 3k[Fe][FeCl]*, (3)

B, fa(2) A (3) AT 3RS 5 | &0 1
5[ CCL]MRAR:

1 3k[Fe][FeCl ]’

1 [ CCL (K + 1) )

M NI RHATES, BEE 3 PR ATH, AL
I THAE AN

d[ VnCl] _

- S = k[ eCL [ Vacl] (5)
dt

A BP0 ) — G A N

ko, =ks[ - CCLy] (6)

— G5l 1 iR R A B i AR 2 L s IR
F T bl IR S oK i R A e sk
PRI AT RAIACH B H A E S 1 3 % 5 A2 i FeCl,

) AR 2
3k, [Fel][ FeCl,]* =2k,[ - CCL,]? (7)
A (7) FIASAE RN - CCLy VR EE
. ce :\/1.51;1[172}[1?6013] (8)

RIS A i B B, AR LI I
PR — e SRR A R, AT LAR 2 SR - CCl,
AN EE (B, 25T 1 B - CCLy RYHRJE, ek X
(8)FRAZI(4) Az (6)

1. 225k
by, = G 2 Sk [Fe][ FeCL,]? 9)
1 2.449 . /k, >

PR ki [Fe][ FeCl,] (10)
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2 AL SO IR Aok R AN,
B (9) FI(10) mf gE— 2B faif g (1) F(12) ,

[ie] 1 ,=2.449 /k [Fe].

t

Hk . =1.225k,

kubszk’ubx\/E[FeCl,?} <11>
k, | FeCl

th,oﬁ[ € 3} (12)

L, K, +1

H3(9) M(11) H 1, Scheme 1 HHF%S 1 5%
A PRHE AR, T 3R S N R AR 1 2P SR
TRk, I FeCl, (TBP), MM EEA OC. 78 90 CHY,
132 2 Al nl A FeCl (TBP) AR S i 5 4
F tt {E 3’é /%2 kobs,FeCl3(TBP): kobs, FeCl3(TBP), *
kohs,FcCl3(TBP)3:0 ©1:1.93. W%Eft(ll) , MR Fe
SECEY) FeCl,(TBP),, SN HYE AT 8O U R LU (E
;'é/ﬁé\t kl,FcCl3(TBP>: kl,FcCl3(TBP>2: kl,Fc(Ll3(TBP)3:O t1c
3.72, MRV L% n Bk, FeCly(TBP), #i5) % Fe
D, BOSEEE AR ke B, AL A 9 3R SR R
B

XFT AR BEIR L v, ML 2, [FeCly ] H]
LAFRN D [FeCly(TPP) ], BRI (1) AT LN
TR

kohs = k, obs( Z A/ kl,l"reCl3<TPP)iy I:FeCZW(TPP>n :l ) ( 13)

n=123

HIE AT DUEWT r £ 1 ~2 2 ~3 PIASIXTE] Y,
ko S DEREMERR. by 5 r R BENERLGE
(B 7)UESE T b e

0.05F

0.04 (]

- 0.03+

0.02

Koss /min™

1 1 1 1 1
1.0 1.5 2.0 2.5 3.0

r

B 7 — SRR T E k,, 5 r ERPERLE (R =0.995)

Fig. 7 Linear fitting curre of £, _ with r

A (12) al sk, S5 &t 5 ko [FeCly [ FI K,
K, M ky [FeCly iy r BesE. Hil&l 8 nI R, 7Er A
12 ~2.7 My A, 1/t 5 r EAREZRMERR

(R*=0.988) ik 5% T30 (12) (4T, AidrE r=3
AbHBE T RIS, XA RESEREE r IR E 3 I K, Wl
WK, NI S 5 4 7 | A A

0.14

0.12

0.10

0.08

1/ty(min™')

1 1 1 1

1.0 1.5 2.0 2.5 3.0

Bl 8 SR M 1/t 5 r SR R K
Fig. 8 Rariation of 1/t, with r

3 &ig

FATxF FeCly/ TBP P& 9 i o S HARE AR DY 51
et 5 & LM R R S S YEREA T T0FE. R =
THeE— i R IR, Al LRIl 1 s 1,2 01
31 RS FeCly BLfz, 2B TEIS Y)
FeCL(TBP),(n=1, 2 8(3). #idgh )AL 5 8K
T FeCL,(TBP) , (O&5H SAEAL NG 1, SEgss
FWIBLEY) FeCly(TBP) , BUAI RO, I 5 SR FY
AR, SN A . 3 T R A SRR
P A 5 ZRUIAIE 1 R 2R RO s R R S TS
Py BCAr L B R AMEAR S
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FeCl, /Tributyl Phosphate Complex as Catalyst in Telomerization of
Tetrachloromethane with Chloroethylene: Structure and Activity

ZENG Ji-jun, HAN Sheng, TANG Xiao-bo, ZHANG Wei, LV Jian
(Xi’ an Modern Chemistry Research Institute, Xi’ an 710065, China)

Abstract; The FeCl; complex of tributyl phosphate (TBP) ligand had been tested in telomerization of tetrachlo-
romethane with chloroethylene promoted by Fe/FeCl, redox catalyst. The structural of the FeCl,/TBP complex was
investigated by molar conductance analysis, IR spectra and UV-vis spectra. In the reaction system, The FeCl,/TBP
complex is FeCl;(TBP), adduct, the coordination numbers of the adduct are 1, 2 and 3, which are equal to the
stoichiometrie of TBP to FeCl,. Kinetic results showed that the apparent rate constant k ,, increases gradually with
the increase of the molar ratio of TBP and FeCl,(r) , while the reaction induction period ¢, is decreased gradually
with the increase of r. Assuming that the telomerization reaction follows a chain redox-catalytic mechanism, the ex-
pressions of £, and ¢, are derived, the expressions are consistent with the experimental data, and the expression
and experimental data all show that the k£, is related with the coordination number and concentration of FeCl,

(TBP), complexes.

Key words: telomerization; tetrachloromethane; iron catalyst; kinetics; chain redox-catalytic mechanism
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