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Molecular design for higher-order functions.

Novel catalytic functions caused by high lipophilicity

of polyfluorinated tetraphenylboron ate-complexes.

Hiroshi KOBAY ASHI

The article describes the molecular design of anionic phase transfer catalysts,
which function as cationic-reagent carrier in hydrophobic organic media. Tetraphenyl-
boron ate-complexes modified with polyfluorinated substituents could afford to pro-
vide highly lipophilic, chemically stable and bulky organic anions which satisfied re
quirements for the phase transfer catalysts. Cationic reagent, which is incorporated
into hydrophobic organic media in the form of ion pair with the catalyst, can act as
it is, or give rise to higher-order cationic reagents for subsequent novel reactions,

some examples of which are exhibited.
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Fig. 1. Lipophilic ionic species. (a) Tetraphenylborate
(TPB), (b) tetrabutylammonium, (c) trioctylethyl-
phosphonium, (d) 18-crown ether-sodium complex.
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Table 2. Comparisons of hydrophobic parameters (Hansch’s
7® —constants) of substituent, X.
7 x =log (Prx)-log (Pry)/ octanol-water

Hydrocarbon | 7 -Constant Halogen | 7 -Constant
subst.,X arom. aliph. | analog.,.X| arom. aliph.
H 0.00 0.00 F 0.14 —0.17
Cl 0.17 0.39
Br 0.86 0.60
I 1.12 1.00
CHj, 0.56 0.50 CF, 0.88 1.02
CH, 0.5 CF, 06 ~ 09
OCH;, —0.02 —047 OCF, 1.04
SCH;, 0.61 0.45 SCF, 1.44
SF; 1.23
NO, —0.28 —0.85
CN —-0.57 —0.84

$A(TFPB)® 8 L 07 + 5% 2[3,5-£2(1,1,1,3,
3,3-~FHTAFR-2-TREA)T 2 = N]KUE
7 — F$5{AMHFPB)” ObEBEXY N 2 (XU b TR
T, ¥, R3RO 4, ThEho{bat dOMM
2t TR IREN ARG Y Gl LA RO CPK
BRRFRECTRTA, Fbo+ v REFOREOZE
A7 2 = A X o TERIIA TV BBFIEZLS,
X 5 ()R Uohcit, £hEh TFPB kv HFPB @
BARRIGERERT, BRLEH OS5 THARAK
FIGEB OB LT, RY) 744 n{bBWARD
BECIHEDED AFIENRELRATHADT, H
FWE ORIRR O SO ERIFERCRE L OB 5 1T

ERITNEXEELGFHTH 5.
Table 1. Comparisons of electronic parameters (Hammett's
o -constants) of substituents on aromatic nucleus. .
H,CO CF,F,C OCH,
FoC CF, FiC CFy
Hydrocarbon | ¢ -Constant Halogen | o-Constant FC \Q F,.C CF
— 3 CF, H;CO 3 OCH,
subst. meta para analogue meta para Q"'B“"Q F,.C e cF,
H 000 000| F 034 006 £.C lel cr, ) crsc c.:;CH
, cl 037 023 TR CF,  °
Br 039 023 FiC CFs F,C CF,
CH;, —0.07 -—-0.17 CF, 0.43 0.54 H,CO CF, F,C OCH,
C(CHay)s —1.00 —0.20 C(CF3)s| 0.35 0.52 ,
CeH; 0.06 —0.01 CeFs 0.34 0.41 (a) TFPB (b) HFPB
CClg 0.25 0.24
OCH;, —0.02 —0.27 OCF;, 0.38 0.35
. .SCH, 0.15 0.00 SCF, 0.40 0.50 Fig. 2. Chemical structures of (a) tetrakis-3,5-bis(trifluoro-
SFs 0.61 0.68 methyl)phenyl)boron-(TFPB) and (b) tetrakis-3,5-bis-
NO, 0.71 0.78 (1,1,1,3,3,3 hexafluoro-2-methoxy-2-propyl)phenyl)-
CN 0.56 0.66 boron ate-complexes (HFPB)
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(a) (a)

(b) (b)

Fig. 4. Space-filling model representations of conformers of
(a) TFPB (optimized by molecular dynamics
calculations) and (b) HFPB.

Fig. 3. Stick-and-ball model representations of conformers
of (a) TFPB (optimized by molecular dynamics
calculations) and (b) HFPB.

(a) TFPB (b) HFPB
FaCO«CFa 2 F=°©°F3 nol® S on Ly noyl* FSon
30 % fum. H,80, I (70%) Fac>k©/kCF3 30 % fum. H,SO, FyC CF,
1 (88%)
1) Mg/ Et,0 1) NaH / DMF Heos® Socn,
2) 1/6 BF,0Et, / reflux F.C F
) T2 Na TFPB 2) (CHy),SO, : *T::rkc“
3) Na,CO; aq (63%) I (96%)
H 0,
1) Mg with 2 mol% of ArMgBr/Et,0O Na HFPB
2) 1/5 BF,OEt, 3)Na,CO,aq (95 %)

Fig. 5. Synthetic schemes of (a) TFPB and (b) HFPB.
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BA A VEOHTHRLBRAEDOKRET LAV ER
A4 vEDALF vatw AWCHlE Lz TFPB ROt
HFPB A 4 v OKNDOEBRE LT N THS, T
KIWTTEEABRBEA~DEMREDOER VK 4 1R
THRRBC BT B0 BEOCEE O B, B
TPB 1 b U CBUK Y R O B o0 FREB W 7o 7] | %
TR LT\ B,

Table 3. First-order rate constants of decomposition of
tetraarylborates in dichloromethane-aqueous
sulfuric acid two-phase system at 27°C.

aq. H,;80, / k'(s™) x 10

mol dm™* TPB TFPB  HFPB
05 a) b) 1.45
3.0 a) b) 5.23
5.1 a) b) 8.71
10.3 a) b) a)

a) decomposed immediately. b) remained intact.

Table 4. Solubilities of TFPB and HFPB salts in hydro-
phobic organic solvents.

Dielectric const. Solubitity/mol dm™3
(&) /Debye TFPB HFPB

Dichloromethane 8.93 75 X 107° % 86 x 1073 ®
Chlorobenzene  5.62 20 X 107*® 26 x 107* @
X
X

Solvent

Toluene 2.38 12 X 1079 32 x 1074 @
1,2-Dibromotetra” 2.34 — un 1.3 1074 @
fluoroethane

Hexane 1.88 7.0 X 1079 85 x 107¢ ¢

® sodium salt. ® less than 1.0 X 107°mol dm™
9 tetramethylammonim salt.

7B, TPB DABO7 2=V EDFR YR p MDA
Wiim i EREFR PV 7T A F A ERY | BE
ALTEFFSFAR(MVIAFORAFNT 2 =) ARY
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W UL R EN: & IR R X & B &
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CTEBBEO MY 7441 2 F 1048 A L-HFPB
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TPB otk odEll, FTRIYHETAR/RY 5%, 1

F xR s UCOBERBESBE IR,
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situ KHFELCRIBIFIA LAY, EER, 4+ v ES
RN FIAT 5%, 14 vl oS EN G
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rBERAYRT — FEEAEORE EFIH U Bk
BREET2ROCHEE I W RINESEEOEG L Th
BB OWTHRR B,
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B, TRIIAFY = AL 4 R PR ER O TE
BBt 5 2 LR LEBWDORTH
5, BKYABHEESCHAKTIC X 0 ERILI A
¥V =w ik, BYHIEEGE EOH A8 5nhul, K
(1)D & 575 EOH O@RABERIBIKRIGIC & - TRER
TEHOR 5N+ VRAFENLFEL, CORA%L
insitu CAWVAHFRORETRICREHEBHT A Z L4
TE5,

EOH + HO* =2 E* + Z2H.O 0]

K61z, ~voai7ra—afE, ROH, »5R(01)
DRI L r7ee 22 b TRIBL LI RERA A+
v hfSE(R*)% Friedel-Crafts BifR E- R ERE SRR
IS LicflaR3" . FR LRIV Th
Corzmnux gy -2 5RMBKERD 2HFREHT
W FoTW5b, MBED2HRDY 7au 22 /HTH
#EE, HNO,, b FEE L=t r=v AL ¥ v,
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BEIET I voeT7 L %L 058 CAB LA
HTH 5,
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OCH, OCH,
TFPB(1 mol% )
(@)~ COH + @- OCH, (@) c —@- OCH,
Iy CH,Cl, / 2.5%aq.H,S0, 3 _
(2:5 mol ratio) 25°C, 24h (31%)
OCH, OCH,

TFPB(1 mol% )
(@)—CHOH + C}-ocn3 oan ~ (@)— cn—@—ocu, +
2

2

(1:3 mol ratio)
¢, TFPB(0.5 mol% )
@—con + OH
[ Q_ 48 h
H CH,

(2:3 mol ratio)

(86%)

CH,
H,C
\ N
@CH OH + cn—< gon

(77%) (23%)

TFPB(0.6 mol% )
CH,0 CH,OH OH
0L )omon 4 Q 24h

CH,
(2:5 mol ratio)

CH,0 -@- CH, -Q OH

CH,
(86%)

Fig. 6. TFPB-catalyzed Friedel-Crafts alkylations under PTC conditions in dichloromethane-aqueous sulfuric acid two-phase

system.

3.2. BARMAERRRECE TR TROTERI

A F YV =T A G VITBUKY B EREAE CBKR X
h, KEBHCHFLET DHE B L CRECEREL
T5, Lhrl, BAUEEBEHECELETLIHATH
PHEHEECORE INTWAKRPIZ X o TKMORE R
by, 65T, 414+ vx, HHO'TFPB, oS HTEE
P—BREI AT, TOEEREREBEMRFDOKS
BEC L > TET S,
Ph;COH + H,O* =2 PhC* + 2HO @)

P Z 2= AFATAT—ADT 0 b VESZRIG
12, ROWRT IS, BOFTHE X - Cal MR
7L, £E+TD ) 7 2 = 2 FAEA + v, PhCH,
EHEEITRINARY b [RIT] &3, TFPB @
vrrrR R UEEREYREDRE A RIS EKEBE S
B EHICERIE, ZhbDvruaal 2 VKR T
RRDORIEHTTS &, BRBCE W TRICCEE TR
DIWADHEL, crt/cron, ZFHT KO FREEE
Bl TRBKRTLIOCKRELE(NTS, TC
T, Al ADEESF L, Ph,C"'E X O'Ph;COH
%, FhFEh, RFED ROH (B LT\ 5,

:l: Kot E;
A + - At
O— —OH  + Ha0 GC\O + 2H0

ROH: Coloriess

R": Colored

300 400 500 600 /nm

Wavelength

Fig. 7. Electronic spectrum of triphenylmethyl cation .in
dichloromethane derived from triphenylmethanol
in the presence of TFPB treated in acid medium.
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2 s . " N . 2
0 20 40 60 80 100

Fraction of Sulfuric Acid in Aq. Phase / %

Fig.8. Water content (ppm) and log (cg*/cgron) in dichloro-
methane equilibrated with aqueous sulfuric acid
(%) in the presence of TFPB.

KEEDRLHEEEEMFOAFY =0 ADOTFEE
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TE 5,

Coe = pKr' — logl(cr™/cron)

= -logQuge + log Xyug + log(rs"/ Tren) Q)

TIT, a RO AR, ThER, KOy ADEER
VEEEREEL, pKe* = —logKe' 27, A
AN BT 5K DEIRAI SR TWIe W RER T
BHHMD, (' /cromDTUEMES H KA BELC X D
BRI, Cop, OE(LEXFHATAHZ ENTES,

Uy awAr Y-Sk R T ARAERRE
fEd 0 %D H60% % THT &, AEREEAMHOKRE
13, K8+ k5, 1750ppmaAs 5400ppmF TH
PP T B2, ZOKEBEEOWAT L - T
(cr'/cro X103 EA LT B, ZDZ &, ABBEEH
DBBER—ETH->T O RS ERILEDSE, T
FUALBEIR K E B LT AT ERIERLTE D, BRE
BAMCosl 2L DEALDO B EMICIBBE DO —D2 L85 D
THbH,

R EEEE AT B — RAIRAE T 5 B IE 2 T Cog
DAY Lz, bbb, REBBY 7 = = 2
F L O ERRE I DN AK 5 RGN, KA BIE DR Gt
FTeR=AFLVEBE -7V F LV REKEGHEMENED
An 1 BREC X TIREB A A vtk # B LT

1
log k2

T3 EFUMERDD, Z DIKGBEIG % S KRR
Lt e TFPB O®ETICY 7r e 2 2 VHES
TIT - 128D B O 2 REIGHEE L, KARE
BEWC L > TELT 20, HEERDONE % Coull XY
LCTFry b 35, RORTIHIE, AEIMNE
I DERBEGRE 5%, BREEA+TTOAFY =7 4
1AV EREREHE L CaDEYR T RE LTV 5,

HyO' TFPB™

at 25°C

gcwo-%m gcwou . (gcn)zo * @—g—on

7
/

/' Slope = 0.933
®

1 A 1 L
-6 -7 -8 -9
Acidity Function, C

org

Fig. 9. Plotting of log k, against acidity function, C,g,
where k; being apparent second-order rate constant
of acid-catalyzed hydrolysis of diphenylmethyl
benzoate.

Deno Hit, ZEEO LIV T IA AR/, —LEDOT
= b VIR ROEE BV CHRBBARB RS — I BT S8R
FEBIB(Cox K@) ER UHRTEHRL TV A5, it
B KW & R B D BUKEABBEMATER L
7cH:O*TFPB-DBERM, Coe, &, HIET HHMBE
EE D KA DCo & JEFiERE E E A < 7 AEBI R B & ¢
SHEMBIREYRL, WRAOBMEENAFY =7 20D%
BEE CRMRMAIT DR TWAB Z SR RB LT 5,

3.3. BRAMEBRBRPICETIILI AROAE

TFPB &%\ HFPB & DA *+ vt O CTBA N
HEBEAC T EBL I iR A v REMIONE, BiX
MINTREFHELZHEAL, BEMEEREECH LT
£ AFRE UCTERT %, FlxiE, btV 7 =14
FADODIER AR VEEIL, TOFFTIIEBTH
33, + b Y wa TFPBM'TFPB-, M*=Na*)% ¥
s LBEBREARL, KT E2<{ALHEEEETS
WA=z b [K10] AEREIEh3, ZO2AERIG
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13, BUKEBERTESL LT A YV EBA A+ v H
7o nBRACRETHCHELT, R - REES
DB A RT L3, TFPB AR LIE MY 7 = =
NAFNVEAL F VA F v (PhCTFPB)DOH TF
FBRETHZ ERRELTWS,

O_ —cl M Borate :; Borate™ . wer
—— c
RCI: Colorfess R": Colored

2.5 Hao*ﬂ:pg'(eq) B —
Na*HFPB(eq)

Na*TFPB(eq)

Li*'HFPB(eq) [,

400 500 600 /nm
Wavelength

Fig. 10. Electronic spectrum of triphenylmethyl cation in
dichloromethane derived from triphenylchloride
in the presence of sodium TFPB.

RfRIZ, Ao s V(SPYELEMIIS 7 ae 4 &
VATRARBRNEZ RIS, 7PV v A
TFPB(Na*TFPB)x &Nt 5 &, RIlRT X5,
AveRE-BEGEVHHELTERTA Ay T =
VIMOBEIRBTEHH L W al §l R ILH & 7R
T, BIROKSEET L > TREEREHLL N, 26
BEBECHREEINS, Fh, VFV AL+ VEZDONT
LbALBRE I VREARCOWTRRORZLEN S h
%, SPRUMCHE DO RMA R OCRZBRIGE,
K12ILR3 & 51, XBE&H TCAHICETT S
TEREABh TS, FBUEBHEETIZIEE D
MCEERARLETH Y, BN X - CSPHEEICH
R RELT 50, BUBEAECBRES FOBER
BRIZE > TMCHEENLELZh, SPHEE~NDEK
G B AR S s, —F, FBUERET
B> TOM' TFPB A BFTH L, BRPCEROR
OB LRI T, BEBEOBEMSSE LM
BiC, 14+ vHRBRICEL > TRBHOMCHEEYRE

LTsBHRERT.
Na*
o-
CHs, ,CHy NaTFPB(eq) CHa, ,CHs
> — 4
CHy CH;,
; SP: Colorless MC: Colored

600 /nm
Wavelength

Fig. 11. Electronic spectrum of tautomeric mixture of
spiropyran and merocyanine in dichloromethane
in the presence of equimolar sodium TFPB.
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Fig. 12. Schemes of stabilization of merocyanine form by solvation in polar solvent and .ion-pairing with lipophilic TFPB salt

in hydrophobic medium.
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Fig. 13. Mechanism of isomerization of spiropyran to merocyanine promoted by TFPB salt in hydrophobic medium.
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Table 5. Partition of 1,1’-dialkyl-4,4-bipyridinium (RV?*) into
organic phase under dichloromethane-water
two-phase conditions™.

Alkyl group, R ~ Fraction partitioned into org. phase/%
Divalent cation Radical cation

form, RV?%* form, RV**
methyl 0 7
propyl 0 21
hexyl 0 88
octy 1 95
dodecyl 19 99

TFPB 37 %A a4 v t BABEES + v
NEMR L, BANESBERCERNTHE TS,
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Fig. 14. Schematic representation of redox reaction catalyzed by electron mediator in the liquid membrane system.
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Fig. 15. Structure of 4-butyl-4,4’-bipyridinium, and its function of concurrent transportation of electron and proton.
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Fig. 16. Electron-mediated reactions of (E)-1,4-diphenlbuten-
1,4-dione (1) and meso-1,2-dibromo-1,2-diphenylethane
(2) in dichloromethane.
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Fig. 17. Reduction scheme of (E)-1,4-dipheylbuten-1,4-dione (1).
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Fig. 18. Competitive reactions of equimolar mixture of (E)-1,4-diphenylbuten-1,4-dione (1) and meso-1,2-dibromo-1,2-diphenyl-
ethane (2) in dichloromethane with 4-butyl-4,4"-bipyridinium TFPB (above) and octylviologen (below).
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