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Studies on Boron Trifluoride Complex Catalysts (I1I)

— The Depolyalkylation of Benzene with Diisobutylene
in the presence of BFj-complex catalysts —

Norihiko YONEDA, Katsuhiko SUZUKI
Kazuo AOMURA, Hiroshi OHTSUKA
(Received September 1, 1967)

Abstract

The depolyalkylation of benzene with diisobutylene for preparing tert-butyl benzene
was carried out in the presence of some BFi-complex catalysts (BF,-H,O, BF;-H;PO, and
BF,H,0-H,SO,).

In this report, the effect of reaction conditions, such as catalyst amount, BF; concent-
ration of the catalyst, reaction temperature, feed velocity of olefin or time of maturing
after olefin addition, were observed and discussed.

Among the catalysts used, the BFy-H,O complex catalyst gave the best results. The
optimum reaction temperature was 30- 50°C.

It was observed that the catalytic activity of the BFs;-11,0 complex was strongly
influenced by its BF,/H,O mole ratio. The catalyst was quite inactive where the BFy/HO,
mole ratio was 05 and lower. Where the BF3;/H,O mole ratio was between 0.5 and ca
038, the catalyst was active for the polymerization and depolymerization of diisobutylene,
but only slightly active for the tert-butylation of benzene with diisobutylene. The catalytic
activity for the depolyalkylation of benzene with diisobutylene became predominant, when
the BF,/H,O mole ratio of the catalyst was in close proximity with 1.

The life of the catalyst was also observed. Repeated use of the catalyst caused a
gradual deterioration in its activity. The activity of the spent catalyst was restored to
some extent by treating the catalyst with BFs.
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Table 1. Depolyalkylation with BF3-H,O Catalyst (I)
(Effect of Catalyst Amount)

Pl e TO 28,

69

D.I.B.

A

8g Ll

React. time : 60 mins
React. temp.: 20-25°C
Benzene : 195¢g (1/8 mol)
*DUILB. : 14.0g (1/8 mol)

*D.I.B. was charged in first 5 mins during reaction

Catalyst g 3.0 5.0 8.0 12.0 18.0

mol 0.04 0.06 0.10 0.15 0.22
Conversion
D.LB. % 100 100 100 100 100
Benzene % 28.6 41.9 49.7 54.3 48.6
t-B.B. yield % 6.0 155 32.3 29.6 287

Selectivity % 215 36.6 63.9 55.6 58.8

24.0
0.29

100
53.8
31.5
57.7
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Table 2. Depolyalkylation with BF;-H,O Catalyst (I1)
(Effect of Benzene/D.I.B. Mole Ratio)

React. temp. : 20-25°C
D.IB. : 140 g (1/8 mol} *See Table 1
Cat., BF3-H;O: 120¢g
Benzene/D.1.B. mole ratio 1 1 2 2 4 4 4 4
React. time min 60 180 60 180 69 120 180 240
Composition of product
% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Benzene % 12.1 0.3 29.6 237 61.6 55.5 48.0 46.8
t-B.B. %o 37.1 434 36.0 45.6 15.0 225 35.4 34.3
Others % 50.8 56.3 344 30.7 234 22.0 16.6 18.9
Conversion
D.LB. % 100 100 100 100 100 100 100 100
Benzene %o 71.0 97.0 51.3 61.0 18.0 26.0 359 378
t-B.B. yield % 36.3 42.5 34.4 43.6 145 21.7 34.1 33.0
Selectivity
D.1.B. base % 26.4 30.6 34.4 43.6 232 349 55.0 53.2
Benzene base % 733 65.0 67.0 61.9 65.0 67.3 76.5 70.0

TS L5, Nvev/DIB =L haKE LR BB oliE< DIB. ~— =
OBERBIIIEINT 578, _v v - ADREIRKITIZIET0% TXv+v/DIB. = Lo @
IEEAE T oL,

3-1-3 D.IB. O FlE o m

FEBa S A Table 3 1Rk,

DIB. o P 0BT b T DIB LG L A EESIIG L TV 58, <vEy
FOREEIE FEEM O ERE G, L oT, v v_—AK L 58RE L7 T2
LA L, BB O TR0 Ed 30% HiRTIRIE-ETHD, 2OLHTAVYEVDR
BEPRECZL22bhb T BB OlE I AE (b iovwliy, DIB o TR
B, ThbbBICHMARECEEIDIB oREAGHWENVvEY L OMICE 2D T LF L
{LEOE R D O-Cs, € D-Cy, 2 Cld_ D-Cy o EDT AF ANV BV DREIELD B o 2
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Table 3. Depolyalkylation with BF;-H,O Catalyst (I11)
(Effect of Feeding Time of D.LB.)

React. temp. : 20-25°C
React. time (in total): 60 mins
D.IB. : 140¢g

Benzene : 195¢g

Cat., BF,-H,O: 120¢g

Feeding time min 0% 5 30 50
Conversion
D.IB. % 100 100 100 100
Benzene % 574 54.3 46.1 47.1
t-B.B. yield % 30.8 29.6 30.2 31.7
Selectivity % 53.5 55.6 65.7 67.3

%

All D.IB. was added just before the reaction.

EEZBRND, CNBOWEDHFAZ < P 757 4+ 12X B85 X % & DLB. o Rl
EXREGCIBEDOE S DI OWENAE AL ThD Z L8R bR, 20X 5 REIRG
Bl S bk DIB. O THEEREC LICEI BV E#ELH R 525, t-BB. o ki
ML T THREOEE IR LA LRSI, LL, ZoFEBET DIB. O FilE
DEL L R BEUCHRI OB L A - T 270w 314 CHREISHH O BZ# i > THER
T5
3:-1-4 RISMEIE o> 28

FOUGTRIE 20~25°C i fo s T—7E BUSHE I,  BUSRIT A8 0 R A I 2 TRl 4 20 g -4 2
Il X Y bR sEe Tk 2, %Q&%@4MW%}MLLML%T%k4kiUFgl
R, BORRE DIB. Zinz i - el 04 8) ik DIBOIsE 30% & & RGO ¥

Table 4. Depolyalkation with BF3-H,O Catalyst (IV)
(Effect of Reaction Time at 20-25°C)

DIB. : 140g *See Table 1
Benzene: 195¢
Cat., BF;-H,O: 120g

React. time min 5 10 15 20 25 30 40 50 60 90 120 150 180 240 360 540

Composition Product

D.LB. % 316 306 175 123 19 00 00 00 00 00 00 00 00 00 00 00

Benzene % 559 47.8 447 422 369 353 31.3 31.3 296 266 247 225 237 244 225 210

t-B.B. % 119 172 265 287 294 269 37.2 39.0 36.0 43.8 485 475 456 48.7 466 46.3

Others % 06 53 113 168 31.8 37.8 31.5 29.7 344 296 268 30.0 30.7 269 309 327
Conversion

D.1LB. % 278 30.0 614 80.0 943 100 100 100 100 100 100 100 100 100 100 100

Benzene % 9.2 215 266 30.7 394 420 487 487 51.3 564 59.8 63.1 61.0 60.0 63.1 657
t-B.B. yield % 11.3 164 254 274 281 257 356 374 344 419 462 455 436 465 44.5 44.2
Selectivity % 727 786 941 90.0 714 622 727 768 67.0 736 775 71.6 61.9 815 778 67.2
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FRMUCEFT D, Lo, BEIGKENRC oD H - CRECEIR L T 30 4 ficiiizig
100% BUET %,

—Ji v vk, DIB B RIE L d o e B4 BUS T 5 AL H 0, 120 Iz X 52 <ix
120 B 45% LITIE—TE LT 0, T EBREUSFH R Z R < LT L Licv, #5/F 120 4
Pl BF-H,O CTUEES 2% & AR R T 5 bo L Bbhh b, i, XvEv i ~—
A ORI B R (riE—ETh B, {O-Cohfirizs A ERDB R,

DIB. 2MBEELC UG Licd BB 2B LT 28 Me LTk, DIB. 23HEA LT
FY A Y TFUv VL EOEAA L e hRICI B E XV v e oz depolyalkylation 23
ok RThBEEELLND, ZOBE, tBB OAR s {-C, {O-C; i E D4
W32 ELELLNEDTIDI EREPDDIDTEROMA2 DR L RvE v EORAEY
12 BF-H,O § % iz 20~25°C ¢ 120 433k L e,

A. DIB. LRV v DR SERMoUE 200°C L Eo® 7y, BB & i)

B. DIB. # BF:-H,0 THE A S fch kil o#ha 200°C DL Loy, ksl Mk X 2
47 T8 E CHOP IS F- 5 268 (12431 Y 7 5 v v 4~5 I f1Y)
C. A4 v 7 i BF-HO CHEA Sl 150°C Lh k@ g) T 5y ik 152

(ZFA v 7ov v 3 BM4&LE)
D. DIB. &~y & ORIEERD&REE S LG, bl 235°C T 55 Tkl
228 (13iF4 v 79 v v 4 BT )
Hjﬁ/l!l/&é" Table 5 _/j\"; o
Table 5. Depolyalkylation with BF;-HO (V)

(Depolyalkylation with Depolymerization and
Polymerization Products of D.I.B.)

React. temp. : 20-25°C

React. time : 120 mins

Benzene : 195¢g

Cat., BF; IIzO 120 ¢

Olefin : 14.0g *See Table 1

Olefin A B C
Benzene conversion % 235 16.4 226 28.2
t-B.B. yield % 18.5 135 194 23.0

R OB BB g EARG b, DI Eab Tabled ks L Fig. 1 ILiR &
NEBSDIB G L& ot &b BB AT S Z LB END,

Wi, DILB.35g 1@ BFy-H0 24 g %z CHRE Logiaic A pl 3 % F A ol ARy [H] 5

Bobolr DIB ©9%0% L ENE/R LT Y TFL vo 3~4 Bl e oto, i, QB
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D.1.B.
Column : P.EG. 1000 3m
Temp. :]oocc
Carrier Gas : Hz, 40 ml-min
Column o PE.G.T000 3m
Temp_ :]00°C

Carvier Gas @ Hz, 40 ml-min

D.1.8.
s

Retention time (min) o 7 2 3 4 5 6 7 8 9
Retention time (min)

Fig. 2-1 Gaschromatogram of De-

polymerization and Polymeri- Fig. 2-2 Gaschromatogram of Depolymerization
zation Products of D.1.B. with and Polymerization Products of D.L.B.
BF3-H,0 (~100°C Fraction) with BF;-H,O (100-120°C Fraction)

305D b DIXFE D T5% M 300°C LUF DEAMKRTH ofc, Thb DORURIZKT 5 &R
5%, DIB. oS T OS5 O 100~120°C oo HArs v < 75 2% Fig. 2 127,

Fig.2 1 oo/ XI5 DIB X G UF O ALK L DML T 5 2 L5 B
B ToE, HE— 2 OWEHIZC~CuDFixDA LV 74 VAT T A VYDBLEBLDLEE LD

ni,

3-1-56 RGN DR
BUGHF 120 73 W& O JOGTRIE 08 5 82 Lic, #5284 Table 6 1275,

20°C LR o EIEIRE OB A DIB. ks LUy YORIGE, 7ob U BB ol
CORRIERENBGICSD EE L bR D, i, KBERENMEGIEE CO-Co Bl s 4

feAEEINH AL, FOERBERERCHTHTHL, 60°CLLETt-BB. OERE ;KT
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(Effect of Reaction Time)

Table 6. Depolyalkylation with BF3-H,0O Catalyst (VI)
(Effect of Reaction Temperature)
React. time: 120 mins
D.LB. 14.0 g *See Table 1
Benzene 195¢
Catalyst 120¢g
React. temp. °C 5~10 20~25 35~40 50~55 75~80
Conversion
D.I.B. % 89.2 100 100 100 100
Benzene % 48.2 59.8 58.3 57.1 53.9
t-B.B. yield % 30.8 46.2 454 47.2 36.4
Selectivity e 65.0 77.5 78.5 83.9 68.5
Table 7. Depolyalkylation with BF3-FH;O Catalyst (VII)
(Effect of Reaction Time at 75-80°C)
React. time min 10 20 30 60 120 240
Conversion
D.LB. % 39.3 80.0 894 100 100 100
Benzene % 15.9 31.8 50.7 54.4 53.9 55.5
t-B.B. yield % 3.0 164 23.9 31.6 36.4 374
Selectivity % 194 54.2 47.5 59.3 68.5 68.5
100 @ 1 —
i g —@-— D.I.B. comversion
React. temp. : 75-80°C
80 —®@— p.1.8. 14.08
Benzene 79.58
- Catalyst 12.08
60 —Or Benzene conversion
- 5 ou
%
40 i
! &—
@ 1-B.8. yield
) i
20
|
|
0 i L L |
0 60 120 180 240
Reaction time (min)
Fig. 3. Depolyalkylation with BFs-H,O Catalyst
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HDECA Y TFUVEEGWE S vE Y LRSI LB CO-Cs, L DO-C D Lo EHkT v
FARNVLE VDO ER DI EFE L BID,

W FIEE 75 ~80°C 03 & O RG] o0 28 4 g Lo iS4 Table 7 35 L ¢F Fig. 3
VAR,

JFIEIRIE 20~25°C B4 (Table 4 5 X O Fig. 1) S B L T4 5 &£ DIB 3z 30 0 ¢
ZIF100% G L T B2y, NvevoRIEERE BB ofUE &R IGRE 20~25°C D55 &
120 43 TI2IE-—B1L 70 A O R L 75~85°C D411 60 70 CIsiE—Eil /s » Tu 5, —F, =
B DO—EE L FULRIE 20~25°C OB £ 0003 5 2 T5~80°C 0¥H L v L2 iy 10%
EEG, IOX O EE G D O, B OSBRI L > TR A D &
Zbhnb,

3-1-6  filflio> BF, i oo s

i« BFy/H,O = 4 lbod> BF-H,O 8 Ak il & U TG 7o ki % Table 8 1073,

Table 8. Depolyalkylation with BF3-H,O Catalyst (VILI)

(Relationship between the Catalyst Activity and BF;
Concentration of the Catalyst).

React. time : 60 mins
React. temp.: 20-25°C

D.LB. . 140 g *See Table 1
Benzene : 195¢g
Catalyst : 120g
BF; conc. of the catalyst  wt % 64.9 70.0 73.6 75.1 77.0 /8.2
BF3/H,O mole ratio 0.49 0.62 0.77 0.80 0.89 0.95
Convesion
D.I1.B. % 7.0 5.7 100 100 100 100
Benzene % — 2.5 26.2 32.3 58.5 54.3
t-B.B. yield % — 1.5 17.6 17.9 227 29.6
Selectivity % — 60.0 66.1 46.2 39.5 55.6

ByF/HLO = A b 05 LU F i DIB b= ve v i A ERIEL v 23, 050 o7

EDIB WEIET S X517 h 077 LL T3 100% SUS LT LaL, XvEvryoil
JEEE DB b2 & < e { BFyYH,O = L1 077 BLLE S Mo RkE s Lich, T

Shaalbolks L Lic¥mL Tvb, E£h, BB oE L BE/HO0 = A laE <D
WO TEILE L& BF/HO 2 lho & ik eie s, bbb, BEF/HO b
05~077 ofcis DLB. o4 B4 5 LSR5 $ 5 5% depolyalkylation 12545
RREERE LN B U, Lot T, depolyalkylation &80 {17c 9 foabici, BF/H,0 =
Hemnie < LRy BEH,O S d Hu e s b sy,

317 A S UG oif b & i o> BE, g4k
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Table 9. Depolyalkylation with BFs-H,O Catalyst (1X)
(Repeated Use of the Catalyst)

React. temp.: 20-25°C
D.I.B. : 140 g *See Table 1
Benzene : 195¢

Experimental No. 5~11 5~12 5~13 5~14 5-15 5~16 5~17 5~18 5~19

Times of Repetition 1 2 3 4 5 6 1 2 3
React. time min 60 650 60 60 60 60 120 120 120

BF; conc. of the catalyst

initial % 78.2 72.8 68.6 65.5 62.4 60.3 782 71.0 58.8

final % 72.8 68.6 65.5 62.4 60.3 57.0 71.0 58.8 431

Cat. amount g 13.2 125 12.3 12.0 115 10.9 13.0 12.6 11.8
Conversion

D.IB. % 100 100 89.3 90.0 70.7 29.2 100 100 98.0

Benzene % 57.0 42,6 32.6 26.8 10.3 9.8 537 17.9 1.6

t-B.B. yield % 29.0 29.0 221 12.9 6.0 e 48.1 12.8 0.9

Selectivity % 51.4 68.8 721 49.0 5.0 — 88.5 71.5 45.0

— BT W U Ao il A, BORN (DIB. v y) 8L < LCHOEE s LT
B G OF R LU Mrh o BE, g o2kl SwwowTER L, #R % Table 91207,

fi 8t o> 7 FRIBIEL o0 BE DM B8 - TR o BE, B84 U DLB. JOSE, ~v & v G
&, tBB WK LW TE, L, Table8 o BF, I oI35 L LI LB s
Table 9 ©ix 5 WAL F I L E AR L T 0, i BF ENZ200 | BF/HO0 =0
OB LT »Th WiHER 4B L &) HiErd b & Hickz b, ZhikgERIC BF/H,0
7305 LLTFIZ 78 o 7o 7 b Tl < BE-HLO #i ik 7e A B 2 O (B @k 0EEmEE L0
nB) NERD DL G LTl o BE, BN LT ERIRENW i sF 2o d, o

DI &g Table 9 s\l 1Ialo Table 10. Depolyalkylation with BF;-H,O

HHME OBV SG (Ex. No. 5-17~19) Catalyst {(X)

. R e Activation of the Spent Catalyst
DIE 5 HiFZtT | % o BF; @)% o J%d ( : )

N - - SR R E React. time : 60 mins
HEARECC LB LD T, 7 .
HoAE ~ React. temp.: 20-25°C
K 7ol 4% 5 SR £ DIB. : 140g *See Table 1
] . Benzene : 195¢g
32 A T T U gy B 85 2
Lee 1G5 & L BRG] O 280 B Catalyst  : 120g
Bl ThA S LHELBNS, e S
Catalyst Spent Activated
. N e BF; conc. of
P A VIR SRR P O 15 A A the catalyst wt % 67.2 740
o F= Conversion
gala D.1B. % 100 100
gt Table 10 /R, - O%H, Benzene % 20.6 426
% 45 0> BF s 23L& FURERG 3 0 7 9 t-B.B. yield % 14.0 278
Selectivity % 58.6 78.5

XN T DRI, L DFED D
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RIBCEEE Ui, 202 Ehh, MBHEE RIS T S22 FE L LCaiiido BF, @0
KT (BFs-HO #i & 675 0 BF;, OB & N DEE W E DML 0D/ EH D L TE
LB 20D ENELZLRD, VEVYOT R EL VIZE ST AF LRI B TIEE R
7' m €L v BF-HO i (ko G2 ilEit 2 BT S 5N TH S & st Lo
#39, DIB. »8#1k DLB. & BF-H,O i G fk & Of5G 1L - & D Lixdob s -7, L
2L, fibiE e DIB. #2403 DIB. BREEY & DISA B MOEEH 5 R3S N IHEE T
AOFHRTHD EEL DD, ML RS WHE DR ERBIZOV TR EDICHAT 2 L8
WD,
32 UUE, MEBHLU-N B0 BF; #4140 depolyalkylation (C351F 2 s/

oA A by VR ORI & Lo E 032t 4 Table 11 k4,

Table 11. Depolyalkylation with F;PO,; and H,SO4 Catalyst

Catalyst 87% HiPO, 96% H,S0O4 819% H,S0,
React. temp. °C 20~TZE 20~25  75~80 20~25 20~25 50~60 0~5 80~90
React. time min 60 360 60 60 360 60 180 60
Cat. amount g 20.0 20.0 12.0 12.0 20.0 12.0 25.0 200
Material

D.LB. g 14.0 14.0 14.0 14.0 14.0 14.0 28.0 14.0

Benzene g 195 19.5 19.5 19.5 19.5 19.5 195 19.5
Conversion

D.I.B. Go 24,2 34.5 25.6 89.5 100 — 100 11.3

Benzene % — 3.1 25 20.0 32.1 — 60.0 —
t-B.B. yield % — — 1.0 48 6.9 — 41 —
Selectivity Y% — - — 23.9 25.3 o 9.0 —

87% HPO, & v 7o8iéy, DLIB o USHE L7 Hh B Fio BB ARG LA LH#
BHENTRIGRE NS S HIZHh TR T 205THD,

W oB G, 81% HpSOy A W io & ZiL Y vIBOBE L ERE & A SHFMEL o2 96%
H,SO, @ & &3 DIB g aic G +%5, LaL, BB ogizdicd, Nvxrv-s

Table 12. Depolyalkylation with BFs-HzPO, Catalyst

DIB. : 140g *See Table 1
Benzene: 195¢g

React. temp. °C 20~25 20~25 55~60 75~80 75~80 75~80 85~90 7T5~380

React. time min 60 240 60 60 120 180 60 240
Cat. amount g 12 24 12 12 12 12 12 12
Conversion
D.ILB. % 91.0 100 100 100 100 100 100 100
Benzene % 105 292 46.6 47.2 59.0 50.3 52.9 595
t-B.B. yield % 6.9 23.0 20.9 275 39.9 45.1 32.5 40.3
Selectivity % 63.7 788 448 58.2 69.3 89.6 615 68.5
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— A OBPLREMN -, Eho, BEAHLO flil & S7g » T, < O-Cy IR T A v € VIO
B E, F, 60°C OBE v E VDAL T VERE L,

Bz 87% HPO, s K08 96% HoSOy i BFs # UL &R Fc b & E U THOV IS GO
#iH % Table 12, Table 13 12759,

Table 13. Depolyalkylation with BFs-H,SO, Catalyst

DIB. : 140g *See Table 1
Benzene: 195 g
React. temp. °C 20~25 20~25 20~25 20~25 50~60 80~90
React. time min 60 180 240 60 60 60
Cat. amount g 12 12 12 24 12 12
Conversion
D.IB. %o 100 100 100 100 100 e
Benzene o 375 33.8 36.9 41.0 24.1 —
-B.B. yield 7 6.0 17.3 18.8 137 75 —
Selectivity % 18.1 50.0 50.7 334 30.8 —

BF;-HPO, filllia o8&, BIGIRED A L L v € VO RIEER L LU t+-BB. 1L
i e b 90°C ¢ BE-H0 filll % M oiB6 &g R CRIEO ISR s X ORI HH
%, BEyH,O $i 5 13 70°C LR 78 B &5 PN L 28 2 O I 3 W T BE-HGPO, #i 4
11 90°C L ARG AW AETH - 1,

MWKBE%WW§ﬁt%®mBﬂHﬁHﬁQ&%26%6%ﬁ%?@6%,@Wm
alkylation 2315 % MUBEG MRS & v L v, Lo L, BFH,O 856 (g & oifiiiR /g
W Eo, BUBRIENE Ceh &AL T VEDBIEIC B,

FERy, U VR, BRRTCH ONC 2B BE A IR X o filit ik BF-HLO S5 (R fibidliz <
B ~NC depolyalkylation 134 2 EHIIK <, Fo, BF:-HO #i& Al cik, DIB. <X
BRYEVOEBET A F LD FERETE CO-Co 0 X B IWEHRD T L F AV € VHDg
WD I DI XTI NS O <ENT S, ZoOXSFUE 7 e FYEEECH
D7 s, BFE-HLO fiakafb o 7w v v L b 4 depolyalkylation i L Tk & el %
RTZ LD CTHRN RS H EToLIAIN Ty, JhbD 7 e b YBORE
BB E 2B L€, ABRBE I NERMEE Bbh s,
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