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2 ©f Indium(IIl) trihalides(halogen=Cl, Br)¢} bis(pentafluorophenyl)cadmium-& acetonitrileol] 4] #H8-A] A
acetonitrileo] 8] $] ¥ tris(pentafluorophenyl)indium-& A sl on] QA R4, A7) T3] A AdHE
& o]-f3t] EAS FAEIct. 1 A} acetonitriles} v] 9] %L tris(pentafluorophenyl)indium+= pentafluoro-
phenylindium 3}§+23} acetonitrilee] 1:12 wjjE = A& ¢ 4 Ut =3 In(CFs), - CH,CNI} DMAP
(dimethylaminopyridine)E- dichloro-methane -&-vi o] 2J7t=& 2] #Hk8-A1# In(CFs); - DMAPE- A3t} 2
7Y=52] | Zhe acetonitrile Rt} F7) AdAlo] 7}t DMAP7} acetonitrile®] 2}2]<l] ulj$] 5= 7122 AZ+=c).

ABSTRACT. Tris (pentafluorophenyl)indium acetonitrile complexes have been prepared from the reaction of
Indium trihalides (halogen=Cl, Br) and bis (pentafluorophenyl) cadmium in acetonitrile, and characterized by ele-
mentary analysis, "C{'H}-, 'H- and “F-NMR spectroscopy and mass spectrometry. The Indium (IIl) compounds
were formed stable 1:1 adducts with acetonitrile. In(C¢Fs); - DMAP has been prepared from the ligand exchange
reaction of In(C¢Fs); - CH;CN with DMAP in CH,Cl, - DMAP has higher donating character and replaced the
CH;CN through the ligand transfer reaction.

N B

AF9] tris(pentafluorophenyl)indium 2852 indium

F71 &R0 3AF(13%) 9452 pentafluor- trihalide S} Grignard #}3}1-2(CoFsMgBr)2] Hk-g-o]|
ophenylelement(Ill) #3552 Pohlmann3} Brinck- ]3] A= A7 7|e} og] upSo] T3lo] ¥ @
mann'sll 2}8] 2<% trihalide53} Grignard 332 w7 itk = ZEY kLol o3 indium F&3}
(CsFsMgBr)2] halide-pentafluoropheny! 2] k8- TI(CeFs),Br>*, Hg(CeFs),' == Bi(CeFs)s'2}e] uhg-
ole) 22 AR ol=l A7 AL A3 ) o 23 v 2 indium F<-3} pentafluoroiodobe-
. & 3AZF AA4Ee] AE PAL ofde o) zeneF}2] ¥kl 23 why So] A gl ol#]

Lewis| Ab-917] whgoll £)ste} dme 4 glet. T 34 U4E +31e] FSAPEEL 1 U
toluene/E,0 Eo] 7HAZ U Lewis AH) Aol o8 F2

M(IDX; + 3(CeFs)MgBr——> M(II)(CeFs), - OFt,  L2WiS 7]l N-, 0, P- 183 As-3}EE9
+ 3MgBrX Z7) EteSal A2e YAsle AR} =3

pentafluorophenylindium(lll) f-=AHE2& FA 44|
] 2HE-9]l In(CeFs); - L{L=Et,O(Et=ethyl), dioxane, py-
o]21%} Lewis 372 AAFA =S5 Lewis ridine, PhsP(Ph=phenyl), Ph,PO, Ph;AsQ, tetradime-

(M =B, In, Ga, Tl; X=Cl, Br)
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tyhldiamin}t 343 5e09] 2HE<] In(CFs); - L, [L=di-
methyl sulfoxide, THF(tetrahydrofurane), (Ph,PCH,),}5
o] A QUet Y o]}t 4nf4le] HEEL ApAA
9] Fx2F 7HAA Slgle] AEEL trigonal bi-
pyramid®] 75 7=, o2’ AT 84
& tris(pentafluorophenyl)indium 2H2-2] wj$]o] F8.3F
W 2 eshe AR dejA ook & diethyl ether
£ tetrahydrofuran Bx} & Z7HE Ax|b7] wFol)
191222l ICF)s- OByE §Asht tetraby-
drofuran2- diethyl ether ¥t} 733} 7Y g7tz 2 2k4.
317] wfEoll SuR9)AHE] In(CeFs)s - (THF, S A%
t}. o)2]%} tris(pentafluorophenyl)indium®) 7}-gk A A}k
7} A3k pentafluorophenyl -15-2] Az}E 2PAZF0
2 738t Aotz B4 711} o2’ AE
9 S £ A7 A= A, o5 FEE
2 33hd o Eeld B5Ao] ¢ fARE AEE])
pentaflucrophenylindium halideS3} &35t 9l &
4~%} tris(pentafluorophenyl)indium 2H-2-E-2] Eg|7} uj
e AL I 5 ek F ol2R EE
2 olalie} 7o) pentafluorophenylindium halideE-] or-
ganoindium halide 55} 7H-2- halogen t}e}l4d3}to g gl
3 2] Hefe] dimerE FAI3r] Wl FElE
A she AR FEE%U

FSC(’\]D/X\I]’)/C‘SFS FSCﬁ\ln/X\ln/ C6F5
e Sy~ ~—

FsCy XU~ CFs X X S CF
FiConi, X~ X FCoo X~ X
1 —InT_ 1 ~InT_
x— M~y cp  x—"~x X

X, X, X
I In

FSQ\ln/X\l /X n
\X/ \CGFS

F5C(,/ \X/ n\X X/

X=Cl or Br

aeba 2 ATeIAE ol2 3 e wkahr] 9
3 FAESENE 22 4 gl w43 tris(pen-
tafluorophenyl)indium®] 3HAuIH-S A x3lg] o,
AR EE 7] Y4 ==Y SN BA4e
o83} 2f7k=2] X3kl 23 DMAP2}S] A&
& HAAA A 3 tris(pentafluorophenyl)indium
£ A 975 sYsk

A 3
Al2t 9 20j. Pentafluorophenylindium 33852
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F718 e W$ wEEE ZE HR-S
Schlenk-type ZX| & AR8-3le] A4 E97]3 el A 4=
A=t InClhis 599 HeracusAloll A 413}
100~110°Coll A AF AzF AHgslg] o, Indium
metal2 52| RothAl, DMAPE =9 Lancaster
Aol 4], Br,3} pentafluoroiodobezeneS U2 Al-
drichA} 53 A19¢ AR glo] T = AHE-3lch =
3 InBrs®, Cd(CeFs), - L(L=glyme, 2CH;CN)y’, Cd
(CéFs),'® 283 In(CeFs); - ELO'E A A $A® ¥
AHgERlh. RE uhgol) AR SuiES AR
AzAE AH-3le AAR F ARS-814T)

MU W F3HI17]. Indium <2 UAEA
& EDTAZ AAshe Wil AHgsigled, flu-
orine®] AH-A-L 31388 A4A)7] ¥ NaF 49
o o1& A2 A e Ak =3 AT
pentafluorophenylindium %52 24¢ 8 C
{'H}-, 'H- 18] 22 F-NMR 2% E3-& BruckerA}2]
FT-NMR(200 MHz)E, mass ~#HE3-L  Varian
MATAL®] CH 5(mass spectrometer)s AR§-3}ed &3]
shgich

@ gty

In(CeFs); - CH;CNS| #4. -30°C] yh$2x
oll 4} InCly(1.26 g, 5.7 mmoly& CH;CN(50 mL)ol| 4
#A F Tkebe CA(CeFs)(3.79 g, 8.5 mmol)S
Folgic}. o] E-89] w2 =g AA{3] 0°CE
SEAIA 2427 kAR o] A olA] Wiy 3
o] AR} A& WML EE AR08 52
A7 F 3A7 FRIAZ o, 4h8-& s3] s
7171 $18le =& Gvijo] vlSHAR] FAA
3A17F o] SHbAIAIE) o]ofX] R EE A0 2 U’
F AAES HANF g2 Re L5 F
FA1A o] AfEo] YA o] AFES
petroleum ether2 53 ¥ 3282 ¥ &
S5t o] HAQl In(CeFs)s - CHyCNo| o]
A, 1 FAE 1.59 go|n, &4l InCLE 7]
F02 3t £8& 42.7%0|t}. YA EA[InCyuHsF
sN(MW=657)]: AIAEx|(%): In, 17.04; F, 42.31. A1 g
X|(%): In, 17.48; F, 4337, “F-NMR(CDCL): ©
-119.6(2, 6-F), —153.5(4-F), -160.93, 5-F); 'H-
NMR(CDCly): 6 1.9(s, CHs); C{'"H}-NMR(CDCly):
G 148.7(2, 6-C), 141.7(4-C), 136.8(3, 5-C), 116.3(1-
C), 117.2(CN), 1.9(CH;); EI-MS(20 eV): m/e 616(In
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(CeFs)s*, 64.3), 449(In(CcFs),", 100.0), 301(In(C4Fs)
F*, 20.0), 168(CsFsH*, 89.3), 115(In*, 41.4), 41(CH,
CN', 62.1).

-30°C9] HF-2% o)A InCly(1.26 g, 5.7 mmoly&
CH;CN(50 mL)ol| £-3§17] ¥ ks Cd(CeFs), -
glyme(4.54 g, 8.5 mmol)S FJ3lgoH, A3 1.1
A AHE 29

-30°Ce] HF$-2 %A InCly(1.26 g, 5.7 mmol)y&
CH;CN(50 mL)el| -3 A121 F syksls Cd(CeFs), -
2CH,CN(4.49 g, 8.5 mmol}g 54l on, Al 1.1.
3} FAg ARE Lt

-30°Ce| HF--£-%ol4 IBry(2.02 g, 5.7 mmol)S
CH,CN(50 mL)el] -3 2120 F- wnka}s} Cd(CeFs)(3-
79 g, 8.5 mmol)& £4l3lglon, AlY 1.1.3} EUj
AE At

In(C¢Fs)s - DMAPS] #AM. In(CeFs); - CH;CN
(0.16 g, 0.24 mmol)y&- CH,Cly(15 mL)ol] g 31 Ar-2-ol]
A THEA7EA] DMAP(0.03 g, 0.25 mmol)yg 59
o] AFLol|A] 24217k WREAIZ ). AL A L0l E
A A ] WA AFE-S AgloH, o] AFAX
st dolzl Im(CeFs)s - DMAPS] FA= 0.17 g
o, o] & #EAQ In(CeFs) - CH;CNE 7152
2 3] 96.0%2] 4-goltt. PF-NMR(CDCL): ©
-116.8(2,6-F), -154.5(4-F), -160.6(3,5-F); 'H-
NMR(CDCL): 6 2.8(s, CH3), 6.3(d/m, 3, 5-CH), 7.8
(d/m, 2,6-CH); *C{'H}-NMR(CDCL): ¢ 148.4(2, 6-
0), 141.1(4-C), 136.9(3, 5-C), 117.1(1-C), 37.9(CHy/
DMAP), 153.7(C/DMAP), 146.7(C2,6/DMAP), 105.8
(C3,5/DMAP); EI-MS(20 ¢V): m/e 616(In(CsFs)s*,
15.7), 571(In(C¢Fs), - DMAP", 17.5), 449(In(C¢Fs),",
64.5), 423(In(CsFs)F - DMAP*, 2.8), 301(In(C4Fs)F",
16.4), 237(In ~ DMAP*, 2.8), 168(CsFsH", 14.3), 122
(DMAFP*, 100.0), 121(DMAP-H*, 78.6), 94(N,CsH¢",
6.4), T8(N,CsHg", 4.3), 44(N,CsH', 6.4).

In(C¢Fs)s - E,0(0.17 g, 0.25 mmol}& CH,ChL(15
mL)ol| Y3 A-Lol|4 7474 DMAP(0.03 g,
0.25 mmol}& Fi3led 2447k ub-3-A1 7 20, AJ
217 $Ud% AAE It

a3 nF

In(C¢Fs); - CH;CN2] #FA. Pentafluorophenylcad-

mium 3}3HE-2 pentafluorophenylmetal 3}3}H-8-(metal=
Ag, Hg, Bi $)59 ¥4< $13 Grignard 313}1E o
Al pentafluorophenyl 2% X|33}3HE2 o] AHLH
o} BB a2 phalideE 7} pentafluorophenylcadmium
3}3hE3)e] Hh$-2 Pearson®] HSAB-principle'®sl] 7)%
& & A7) whso 2 gt zho] A d 4= 9)rt

Cd(Rf)z r— [Cd(Rf)r + <Rf_>
“soft base”
MX,- L ==X +[MX,-LJ
“soft acid”
[MX,q - L] + <R > =—= MX,(R) +L
(M: metal atom, X: halogen, L: solvent with donor, Re per-

fuoroorganyl group, propeties donor molecules complexed with
Cd(Rg); or omitted)

=3}t indium trihalide 53} pentafluorophenylcadm-
ium 3}3HE-2] WS- Ah-d7] Whg-o2 S3%t A,
Table 19 AN A5} 7o) Sol9] AEE F8
3 Wz Aeshnz, getd chest o) indium
trihalide 5~ A3 £-nj|9] CH;CN% glymedl| A+ 3l
23 e} 2HE Je 2 EAF= AE ¢ 59l
E}_.IS

2InCly - 2CH;CN 2 [InCl, - 4CH;CN]" + [InCly]”
or
InCl; + 6CH;CN = [In - 6CH;CN]" + 3C1~

o] e}zto] acetonitrileo] vl $]3t= ofo]2-9] FAJL
£ A#HelA pentafluorophenyl 152 30k
& Z2FA AWAA}h 28} indium halide 52 ¢
% 4] 4ol dichloromethaneol|A] A gel| 2
3 o}3-3 o] A H dimerZ £A5e Aog A
Zhct.

X XN A

X/ In \x/ In \x

X=Halogen
=3t Indium trihalide 53} pentafluorophenylcadm-
ium 33HE-2] W2 SA LrlA AAsigeng,
3l }e] acetonitrile H2}7} wi9)3F tris(pentafluoro-

Table 1. Conductivity of InCl; in different solvents'’

solvent  A(Q"'em’® mol” b C(mol-cm )
CH,Cl, 0.074 303-10°°
CH,CN 49.967 1.98-107°

Journal of the Korean Chemical Society



Indium(IIT) 3}3+5-2] Acetonitrile¥} DMAP #H2-2] §H4 9 £ 187

Table 2. "F-NMR data of In(C¢Fs); - CH3CN in vari-
ation with solvents (6 in ppm)

Table 3. "F-NMR data of In(CsFs); - DMAP in CDCl,
(o in ppm)

F-coordination in acetonitrile in toluene
ortho position -119.2 -118.8
para position -155.2 -151.7
meta position -161.9 —159.8

phenyDindium 3}3Hg9] 4L o33} 22 P2
229
CH;CN

3 Cd(C4Fs); + 2 InCly—> 2 In(CsFs)s - CH,CN
+ 3 CdCl,

ol& FH3] 3 Ariel uhgelA FAE a
cetonitrile 2}Zo] tj¥t F-NMR 2923 2 Az}
£ Table 2o A A5}t PF-NMR 2 E2]9] che-
mical shiftv= %343l pentafluorophenylindium 3}3}
E¢ ehiglon InCFs) - CHONE $olel 4
S e AE ¢ 5 Ald & FA 40l ace
tonitrileoll 4]+ ©J2]702] acetonitrileo] pentafluorop-
henylindium 33HE 9ol wi¢]3le] v]FA Lofl
toluenecllA] ¥t} fluorine UA}LEo]| 2]} peakSo] =
T ¥ AR o|F3lcd], 3] para $x|9] flu-
orine VA2 AALEs} oS oA & Fo 8
o] F3ria & 4 qlct.

'H-¢} PC{'H}-NMR ~#|E2]9] A= acetoni-
triled} W $}5l= AE BoiF 3 glon, YA
Ax 31t acetonitrile¥-A}7} vl dhe AL & ¢
algich.

EZ 71| A Rt indium tribalide S5 pen-
tafluorophenylcadmium®] ¥kg-oJ4= FAHE 3Alo)
7491 el o) & Eelshe EAHE AAsIG A, &

82 £ (CFs); - CHONE 98 4= 3l

In(Cng)s DMAP2| B}A. Pentafluorophenylin-
dium 3}3+g S A ssla AA R ez
937] $] 3} pentafluorophenylindium 3}3H2-2] acetoni-
trile == diethyl ether 2-5-5-& DMAP2} x|3ik¢
& AReH, 4o AR e 2t

ID(C6F5)3 - L + DMAP— III(C6F5)3 - DMAP + L
(L=CH;CN, O(C;Hs),)

ol Zs] UH Al wgeld Apw
DMAP #Eo| g PF-NMR 2% e o] 2473}

E“r_'
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In(CFs); - In(C4Fs)s - In(CeFs)s -

DMAP CH;CN O(CHs),

F (2, 6) -116.8 -119.6 -1185
F @) -154.5 -1535 -1524
F @35 -160.6 - 160.6 -160.9

& Table 30 A A3} Table 304 &4 9l5o]
In(CgFs); - DMAP2] ortho $J2])2] fllurine Y x}-E3}
para 91x]2] fluorine YA}-Sol 2]¥ chemical shift7}
Hk-S-E-¢) In(CsFs)s - Le| chemical shifte} w]a3}e
£ uj, ortho $J%]2] chemical shifti= Y& Ao Z o]
F38}22, para $]x]2] chemical shifte & Ao 2 o}
F3th. ol CHiCN =& O(GHs), #=rt
DMAP¢} X183 7-& Fg 4 F}.

w3t 29 e AT 254 dimethylam-
inopyridineo] acetonitriles?} diethyl ether Bt} wj-9-
7t w915 sk 2= 2h8-5}e] pentafluorop-
henylindium 3}§}H-2-3} vl ¢J=]o] )= acetonitrile T+
diethyl ether& oi A|j1ciw AzHic).

Dimethylaminopyridine2] % 7331 FAAA-&
o}&3} 7o) 3Alz]el zwitterionic immoniumamide
o} FRFZE = e TR B 5

CH, \+ "
SO
:Lﬂi_i pyridine2] Q_J_-%_X}J} indium )} wl

AAZRS 3= Aow AHEY 4 9lu}. Zwitterionic

immoniumamide+= indium Y2}2} vl ¢ 3}led immon-

iumamidoindate9] ¥{e]E JIA &= AL 22 5 9]

£ ol F-NMR 2" E3d|A] para $2]9] flu-

orine YA}9] chemical shifte] o] %22 o 4= Qlc}.

Table 3|4 para $)2]¢] fluorine VA}E-2] AL

7} Zusle] YF.NMR resonance peak’} —154.5

ppm o= diethyl ether S+ acetonitrile 2}-5-2] 7}z}

- 152.4 ppm, —153.4 ppm Mo} ¥& Ao 2 o]E3}

At o] AL para 91x]9] fluorine YA}Eo] AL+

2ol A Y e dehiel, olg Al

pentafluorophenyl 25-2] ortho $]%]2] fluorine Y=}

£ AAL e}t 7HA5ted PF-NMR resonance peak

7} —116.8 ppm > 2 diethyl ether &%= acetonitrile %

E9| 7Zt7t -118.5 ppm, —119.6 ppm ¥} & A

/N‘




188 # K

o2 o]E3lgr}. uwlelA dimethylaminopyridine}
u]$) % pentafluorophenylindium 3}3H&-8 o3} 2
o] zwitterion-$ 7131 3}3}E2 vebd = 9lct.

Os~ + /\ %\ L=
%>N N~ In(CFs)y — %/ﬁ=©“ In(CeFs)a

o]& Z93}7] ¢13] DMAP 2|Zt=2 X1 2&
2] BC{'H}-NMR ¥4¢& A ed, 2 A7
Table 49 In(CeFs); - CH;CN®} CH;CN9] BC{'H}-
NMR ~# 3] 3} u)adle] A A3} t). Acetonitrile
28-9] pentafluorophenyl 2E-2] C1 peak+= 116.3
ppm 2 viehhe=d Hbs] DMAPs} #E-S 343}
of AAPY =7} 7+4F) pentafluorophenyl 259 C1
peake & Ao 2 o] F3ldrt. E¥ A 2=
9] C4ol &)} peak: 152.5 ppm o2 theltEd] B]
sto] 22 FAF DMAPS] Cdol|l 2|3 peak=
153.7 ppmo.& 32 Ao 2 o]F3lg o, A ¥
7k=e] 2,69 23t peak 148.4 ppmo 2 vjeht
wbd AES A3 DMAPS C2,6°] 23 peake
146.7 ppmo 2 & Ao g olE3lgct =F a-
cetonitrile ZH-E-ol|A] L}el = acetonitrile2] &5l
2]3 peak 52 & A ollAl & vehdA] gigli}.

'H-NMR ~#E39] A3}E Table 5o acetoni-
trile 223} 214 2]7k=2] 'H-NMR data®} ¥]33}o]
A A5} c}. Acetonitrile®] o/ A}ell 2] peake &
Agolrs etz w@skon A 2l7LE DMAP
9] 3,5 §X ] Al 27} peak= 6.5 ppm, 2, 6
Ax12] e dAtell 2J3F peak= 8.1 ppm 2 Ve
o} wha] 25 343 DMAP2| 3, 5 91X 9] FAd=}
o] 2]3} peak+ 6.3 ppm, 2, 6 $x| 2] kXAl 27

Table 4. "C{'H}-NMR spectrum of In(CsFs); - DMAP
in CDCli(o in ppm)

e In(CsFs); - In(CgFs)s -
coordination DMAP CH,CN DMAP
C (2, 6) 148.4 148.7 -
CcC @ 141.1 141.7 -
C (3,5 136.9 136.8 -
C @) 117.6 116.3 -
N(CH;),/DMAP 379 - 373
C (4)/DMAP 153.7 - 152.5
C (2, 6)/DMAP 146.7 - 148.4
C (3, 5)/DMAP 105.8 - 105.0
CH,CN - 117.2 -
CH,CN - 1.9 -

Table 5. '"H-NMR spectrum of In(CsFs); - DMAP in
CDClx(o in ppm)

In(C4Fs)s - DMAP

DMAP
G sp. coordination sp. coordination

28s CHsDMAP) 19s CH,CN 28s CH;
6.3d/m CH(3, SXDMAP) 6.5d/m CH (3, 5)
7.8 d/m CH(2, 6XDMAP) 8.1d/m CH (2,6)

In(CgFs)s - CHaCN

G sp. coordination

peakE 7.8 ppm O BT & Ao 2 o] F3lHct.

DMAP#E-2] mass 2% E3 2| A3 [DMAP]",
[In(CsFs);, - DMAP]' 18] 3 [In(CsFs)s]'¢] peak o]
vhepstel.

d B

Indium(IIl) trihalide(halogen=Cl, Bry5-3} bis(pen-
tafluorophenyl)cadmium®] ¥H-g-3}ol|A] A aceto-
nitrile®} v} ¢ &} tris(pentafluorophenyl)indium2- &2}
o] Eelaislean, o] SHEL LR, YAy
3} AR el ZAsfol 2l pentafluorophenylin-
dium #3127} acetonitrileo] 1:12 v = Ao
2 & 5 ddch A7) TR AR A
S)8}H In(CeFs)s - LIL=CH;CN, O(C;Hs);)3+ DMAP
o} ukgellA =g XH|AA In(CeFs); - DMAP
£ == FAdA =Ee] XL acetoni-
trile 2.c} Fr)Ad A o) 7}3F DMAP7} acetonitrile2] =}
2o vi9isle A2 540t

el g & #
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