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'H NMR SPECTRA OF PHENYLTHALLIUM( 111) CROWN-ETHER COMPLEXES, 
[C H T1(III)(CR0WN)X]n(ClO4) (n=1 OR 2 ) ;  TRANS INFLUENCE OF 
THfi 5 GROUPS 

YOSHIKANE KAWASAKI, HIDENORI ENOMOTO, .JUN TOMIOKA, AND 
HITOSHI AKITA 
Department o f  Applied F ine  Chemistry,  Osaka Unive r s i ty ,  
S u i t a ,  Osaka 565, JAPAN 

(Received April 18,1988) 

Abs t rac t  
coupl ing  c o n s t a n t s  between t h e  t h a l l i u m  nuc leus  and t h e  meta 
p ro tons  o f  t h e  phenyl group a t t a c h e d  t o  t h e  tha l l i um atom, 
J(T1-H ) ,  were s t u d i e d  f o r  a number o f  pheny l tha l l i um( I1 I )  
crown-ether complexes, [C6H5T1 (111) (crown)X]n(ClO ) (n=1 o r  2 ) .  

Keywords: Transinfluence, X-groups, thallium 

Trans  i n f l u e n c e  o f  t h e  X groups on t h e  sp in - sp in  

m 
4 

INTRODUCTUION 

Many monophenyl tha l l ium(I I1)  compounds are r a t h e r  u n s t a b l e  and 

decompose i n t o  t h a l l i u m ( 1 )  ion and o r g a n i c  compounds. These 

p r o p e r t i e s  a r e  a p p r e c i a b l y  modi f ied  i n  t h e  presence  o f  crown- 

e t h e r s .  For example, C6H5T1 (111) ion  g i v e s  T1 ( I ) '  i on  and 

C H I imed ia t e ly  by t h e  r e a c t i o n  o f  a s o f t  I -  i on , '  bu t  t h e  

C H T l ( I I I ) I +  i o n  was i s o l a t e d  as a s t a b l e  crown-ether complex, 

[C 11 T l ( I I 1 )  (DBC)I]C104, where DBC= dibenzo-18-crown-6.' 

s t a b i l i z i n g  e f f e c t  o f  t h e  crown-ether i n  t h e  phenyl t h a l l i u m ( I I 1 )  

c rown-e ther  complexes may be  due t o  a )  compelling t h e  I -  i on  t o  

t h e  t r a n s  p o s i t i o n  of t h e  phenyl group, which makes t h e  

r e d u c t i v e  e l i m i n a t i o n  r e a c t i o n  a f f o r d i n g  C H I d i f f i c u l t ,  and b)  

i n h i b i t i n g  s t e r i c a l l y  t h e  approach o f  t h e  two t h a l l i u m  atoms i n  

c l o s e  p rox imi ty  by t h e  crown-ether coord ina ted  t o  t h e  t h a l l i u m  

atom. Seve ra l  o t h e r  s t a b l e  pheny l tha l l i um( I I1 )  crown-ether 

complexes hzving T1-X bond,o therwise  u n s t a b l e ,  have been ob ta ined .  

In  t h i s  pape r ,  t r a n s  i n f l u e n c e  o f  t h e  X groups on  t h e  s p i n - s p i n  
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I58 Y .  KAWASAKI, H.  ENOMOTO, J. TOMIOKA AND H. AKITA 

coupl ing  c o n s t a n t s  betwecn t h e  tha l l i um nucleus  and t h e  meta 

pro tons  of  t h e  phenyl group a t t a c h e d  t o  t h e  tha l l i um atom, J(T1-Mm) 

were i n v e s t i g a t e d  f o r  a number of  complexes, [C6H5T1(III) (crown)X] 

n(C10 ) (n= 1 o r  2) by means o f  t h e  'H NMR s p e c t r a .  4 
of t h e  t r a n s  i n f l u e n c e  of t h e  X groups of t h e  phenyl tha l l ium(TI1)  

crown-ether complexes was compared wi th  t h a t  of t h e  low v a l e n t  

t r a n s i t i o n  metal  complexes, i n  which a cons ide rab le  amount of TI 

back bonding was p o s s i b l e .  

The o r d e r  

PREPARATION OF PHENYLTHALLIUM(II1) CROWN-ETHER COMPLEXES 
--l___l- 

[C H T l ( I I 1 )  (crown)]2(C10 ___4---2---.cL--' ) . m ( H  0) ( 1 ) --d -5 
prepared  accord ing  t o  eq. 1. To t h e  suspension of C6HsT10 

These complexes were 

C6H5T10 + 2HC104(aq.) + crown 

T H F L  [C6HsT1 (111) (crown)]2(C104) .m(H20) ( 1 )  

crown; 18C6(a) (m= 3 ) ,  1,7-DTC(b) ( m =  0 ) ,  I,lO-DTC(c) (m=O) 

18C6 I ,  7 -DTC 1 , lO-DTC 

i n  THF was added a d i l u t e  T€!F s o l u t i o n  o f  2 - 2 . 5  equ iva len t  HC104 

(aq.)  s lowly  t o  g i v e  a clear l i g h t  brown s o l u t i o n .  Th i s  s o l u t i o n  

was added dropwisc t o  t h e  THF s o l u t i o n  of  crown-ether on a i c e  

ba th .  The mixture  was s t i r r e d  ove rn ihg t  a t  ambient tempera ture  

g i v i n g  whi te  p r e c i p i t a t e s .  

z a t i o n  from a c e t o n i t r i l e / e t h e r  f o r  2 and lJ, and acetone/n-hexane 

f o r  5 g iv ing  a i r  s t a b l e  whi te (% and l c )  and l i g h t  yellow(1b) 

c r y s t a l s .  These a r e  s o l u b l e  i n a c e t o n i t r i l e ,  ace tone  and methanol, 

These were p u r i f i e d  by r e c r y s t a l l i -  
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‘H-N.M.R. SPECTRA OF PHENYLTHALLIUM I59 

and sparingly soluble in methylene chloride and chloroform. 

Acetone is not a suitable solvent for >? and I b ,  as hydoxo complex, 
[C H Tl(II1) (18C6)OH]C104 and a-keto complex, [C6H5Tl (111) (1,7-DTC) 6 5  
CH C(0)CH ]C104 were recovered form acetone solutions of t z  and lJ, 2 3 
respectively, after partial evaporation of the solvent at reduced 
pressure. 

[C6H5T1(III) (crown)X]n(ClO ) (n=l or 2 )  ( 2 ) .  

preparedaccording to eqs. (2) and ( 3 )  in acetonitrile at ambient 

These complexes were 4 I- 

CH CN 

dry CH CN 

1 + X(or HX) -3- [C H Tl(III)(crown)X]n(C1O ) (2) 
P.  6 5  4 

c- lc + 2P(OR), -3 L[C6H5T1(III) (1,7-DCT)P(O) (OR)2]C104 

t RP(OR)3C104 ( 3 )  

temperature, except for X= SCH 
which the reactions were carried out at -40 OC, 
although the complexes isolated are stable at 
ambient temperature. 
X= I’(OR)3 and P(C €1 ) 

detected only as a transient species in solution 

by H and 31P NMR spectra. The complex with X= 

OCH 
complex in solution. 

and SC(0)CH3, in 3 
‘SH5 

Since the complexes with 
are reactive, these were & 6 5 3  

1 
I 
X 

2 is rather hydrolytic giving easily the OH 
3 e 

The other complexes 

studied are stable in air and soluble in polar solvent such as 
acetonitrile and methylene chloride. 

Spectra 
‘€1, 31P, and 77Se NMR spectra were obtained by using JEOL-PS-100, 
-FX-90, and -GX-270 spectrometers,respectively, in CH3CN or CD CN. 3 

RESULTS AND DISCUSSION 

In the phenylthallium(II1) crowun-ether complexes 1 and 2, ortho, 
meta, and para protons give a double-boublet, a double-triplet, 

I\ z- 
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and a d o u b l e - t r i p l e t  wi th  r e l a t i v e  i n t e n s i t y  of 2 : 2 : 1. The  

h igh  f i e l d  s i g n a l  o f  t h e  double-doublet  o f  t h e  o r t h o  pro tons ,  how- 

eve r ,  a r e  sometimes ove r r idden  by s tong  crown-ether s i g n a l s ,  so  

t h a t  J ( T 1 - H o )  va lues ,  which extend from 400 t o  1200 IIz,could not  

be measured f o r  some complexes. On t h e  o t h e r  hand, t h e  sp in - sp in  

coupl ing  c o n s t a n t s  observed f o r  t h e  para  pro ton ,  J(T1-H ), a r e  not  

l a r g e ,  t h e  v a l u e  of which changes from 50 t o  170 Hz wi th  t h e  X 

groups.  Therefore ,  we concen t r a t ed  o u r  a t t e n t i o n  mainly on t h e  

meta p ro ton  sp in - sp in  coupl ing  c o n s t a n t s ,  .I (Tl-ljm) .I 

I n  t h e  d i c a t i o n i c  complexes, 1, t h e  J(T1-Hm) v a l u e s  depend markedly 

on t h e  kind o f  crown-ether and were found t o  be 498, 459, and 429 

Hz f o r  12, 2, and l_c, r e s p e c t i v e l y .  

u l e m a y c o o r d i n a t e  t o  t h e  tha l l i um atom from t h e  back s i d e  o f  t h e  

phenyl group, shows t h e  l a r g e s t  J(T1-H ) v a l u e  and 1 .  g i v e s  t h e  

s m a l l e s t o n e .  

va lue  o f  Lc i s  t h a t  t h e  s u l f u r  atoms o f  t h e  1,lO-DTC coord ina te  t o  

t h e  t h a l l i u m a t o n i a t  t h e  t r a n s  p o s i t i o n  t o  t h e  phenyl group. This  

exp lana t ion  i s  compat ib le  wi th  t h e  r e s u l t s  t h a t  a )  J(T1-H ) value  

P 

- 
12, i n  which a water  m l e c -  

m 
The main reason  f o r  t h e  dec rease  o f  t h e  J(T1-Hm) 

o f  t h e  (C2H5)*S adduct ,  [C6H5T1(III) (18C6)S(C2Hs)2] 2t , shows a 

simlar value(426 H z )  wi th  t h a t  of l c  and b) i n  both  complex, t h e  

p ro tons  o f  t h e  methylene groups nex t  t o  t h e  s u l f u r  atoms show 

s p l i t t i n g 5  by sp in - sp in  coupl ing  wi th  t h e  tha l l i um nucleus ;  

J(T1-SCH2)= 139 and 171 H z  f o r  t h e  (C2H5)2S adduct and Lc? respec -  

t i v e l y .  

media te  v a l u e  o f  1," and 15. 

t h e  i n t e r a c t i o n  o f  t h e  s i : l fur  atom o f  t h e  1,7-DTC wi th  t h e  

t h a l l i u m a t o m i s  not  s t r o n g  enough a s  i n  t h a t  o f  12, but s u l f u r  

atoms p reven t  t h e  coord ina t ion  o f  water molecule,  which r e s u l t s  i n  

c o l o r i n g  of 1) by weak charge  t r a n s f e r  i n t e r a c t i o n .  

In  Table I ,  t h e  J (Tl-H,) va lues  o f  a number of  [C6H5T1 (111) (crown) - 

X]n(C104), 2 ,  were given i n  t h e  o r d e r  o f  i n c r e a s i n g  va lue .  

v a l u e  changes,  more o r  less, as t h e  crown-ether changes.  For 

example, i n  t h e  ch lo ro  complexes, J(T1-Hm)= 358, 369, 373, and 376 

v 

On t h e  o t h e r  hand t h e  J(T1-H ) o f  i5  t a k e s  an  i n t e r -  m 
Th i s  resul t  poss ib ly  i n d i c a t e s  t h a t  

The 
c 
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'H-N.M.R. SPECTRA OF PHENYLTHALLIUM 161 

TABLE I The J(T1-Hm) v a l u e s  of [C6H5Tl(III) (crown)X]n(C104) 

i n  CH CN o r  C D  CN s o l u t i o n . *  --- 3 3 

X J(T1-Hm)/Hz 
- 

CH3' 126 

4 -c6H4@€ia 140 

171 C,** 
p (0) COC4Hgn) 2 
CH2C (0) CH3 b 

C=CC H b 
6 5  

SCH3 d 

b CH (CN) C (0) OCH3 

SHd 

OHa 

CH (CNI 
b 

d 

a ,  ***  
sc (0) CH3 

OCH3 

CNC 

1' (OC4H9n) 3c * *** * 

174 

223 

225 

246 

252 

262 

268 

270 

291 

293 

304 

X J (T1 -Hm) / H Z  --- 
SeCNa9***** 321 

N3C 330 

IC 339 

SCNC 35 7 

B r  368 

CIC 373 

p (C6H5) 3 38 1 

382 OC (0) CH3 

Fa 389 

s (C2Hs) 2a 4 26 

C 

d 

OC(0)CF3d  * 435 

coa , ****** 493 

H 2 0 a  498 

* The s u p e s c r i p t  on each X r e p r e s e n t s  t h e  k ind  of crown- 

** J(205Tl-31P)= 22354 Hz 

*** In  CH OH s o l u t i o n  

****  J (203Tl-31P) = 17530 H z  

***** J(205T1-77Se)= 7260 Hz 

e t h e r ,  a;18C6, b;l,7-DTC, c;l,lO-DTC, and d;DBC. 

****** Measured af ter  bubbl ing  CO g a s  f o r  1 min. 

Hz f o r  crown= 18C6, 1,7-DTC, l,lO-DTC, and DBC, r e s p e c t i v e l y .  

T h i s  change, however, i s  smaller t h a n  t h a t  i n  t h e  complexes J. 
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The c h a r a c t e r i s t i c  f e a t u r e s  o f  t h e  trans in f luence  o f  X groups on 

t h e  J(T1-Hm) va lues  o f  [C6H5T1(III) (crown)X]n(C104) a r e  t h a t  t h e  

OH and OCH 

t h e  carboxylato groups,  which show t h e  sma l l e s t  t r a n s  in f luence .  

The J(T1-Hm) va lue  o f  t h e  P(C6H5)3 complex i s  r a t h e r  l a r g e , i n d i c a -  

t i n g  small t r a n s  in f luence .  The CO group has almost no i n t e r -  

a c t i o n  with t h e  tha l l i um atom on t h e  b a s i s  of  t h e  J(T1-H ) va lue ,  

These r e s u l t s  a r e  marked c o n t r a s t  with those of corresponding 

t r a n s i t i o n  metal  complexes. 

t h e  OH and OCH3 complexes i s  the  l a r g e  s p l i t t i n g s  o f  t hese  proton 

s i g n a l s  bysp in - sp in  coupl ing with t h e  tha l l i um nucleus.  

J(T1-OH) and J(T1-OCH3) va lues  a r e  330 and 455 Hz f o r  t h e  OH and 

OCH3 complexes, r e s p e c t i v e l y .  

observed even a f t e r  an a d d i t i o n  of  one drop o f  H 0 t o  t h e  CiI CN 

s o l u t i o n  i n  an NMR tube.  This s i g n a l ,  however, d i sappea r s  when 

one drop o f  D20 was added. 

with s i m i l a r  s p l i t t i n g s  observed f o r  t h e  SH and SCH 

J(T1-SH)= 405 and J(T1-SCH3)= 453 H z .  

A s  can be expected, t h e  J(T1-H ) va lues  of t h e  complexes with t h e  m 
T1-C bond belong t o  t h e  group showing t h e  smallest J(T1-H ) value,  

which i n d i c a t e s  t h a t  t h e  l a r g e  t r a n s  in f luence  o f  t h e  carbon 

l igands .  The J(T1-H ) va lues  i n c r e a s e  as t h e  s content  o f  t h e  

hybr id i za t ion  o f  t h e  carbon atom inc reases ;  126, 140, and 223 Hz 

f o r  X= CH (sp ),  4-C H OH(sp ), and CCC H ( sp ) ,  r e s p e c t i v e l y .  
3 Among t h e  c a r b o n l i g a n d s w i t h  s p  hybr id i za t ion ,  J(T1-H ) values  

inc rease  when e l ec t ronega t ive  groups such a s  C ( 0 ) C H  

a r e  a t t ached  d i r e c t l y  t o  t h i s  carbon; 174  and 268 Hz f o r  X= CH C-  

(0)CH3 and CH(CN)2, r e s p e c t i v e l y .  This may r e f l e c t  t h e  inc rease  

of  t h e  i o n i c  c h a r a c t e r  of t h e  T1-C bond. 

In t h e  t h r e e  phosphorous l i gands  s tud ied ,  t h e  dibutylphosphonato 

l igand,  P ( 0 )  (OC4Hgn)2, shows one o f  t h e  l a r g e s t  t r a n s  in f luence ,  

bu t  t h a t  o f  t h e  n e u t r a l  l i gands  P(0C H n, 
small .  

groups show a s t rong  t r a n s  in f luence  i n  c o n t r a s t  t o  3 

m 

One o f  t h e  i n t e r e s t i n g  r e s u l t s  of 

These 

The s p l i t t i n g  o f  t h e  OH s i g n a l  i s  

2 3 

The above r e s u l t s  may be compared 

complexes; 3 2 

m 

m 

3 2 
6 5  3 6 4  

m 
and CN groups 3 

2 

e s p e c i a l l y  P(C H ) i s  4 9 3’ 6 5 3  
In t h e  31P NMR s p e c t r a ,  t h e  P(O)(OC,H,n), group with t h e  

6 
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'H-N.M.R. SPECTRA OF PHENYLTHALLIUM 163 

l a r g e  trans in f luence  g ives  l a r g e  J(205T1-31P) value o f  22354 H z .  

While P(0C H ) giving t h e  sma l l e r  t r a n s  in f luenc  shows small 

J ( 2 0 5 T l -  P) value of 17530 Hz, i n d i c a t i n g  t h e  weaker i n t e r a c t i o n  

o f  t h e  l a t t e r  group with t h e  tha l l i um atom. 

The Ng, SeCN, and SCN groups show s i m i l a r  J(T1-H ) va lues  with an 

intermediate  t r a n s  in f luence ,  On t h e  b a s i s  of  t h e  IR s p e c t r a ,  

t h e  SeCN and S C N  groups were concluded t o  coord ina te  t o  t h e  

tha l l i um atom with t h e  selenium and s u l f u r  atoms. 

o f  t h e  T1-Se bond i n  t h e  SeCN complex was confirmed a l s o  by t h e  

77Se NMR s p e c t r a .  

observed f o r  t h i s  complex. The J(205Tl- Se) va lues  r e p o r t e d  
3- 2-  f o r  Z i n t l  compounds, T1Se3 and T12Se2 

3 r e s p e c t i v e l y .  

I n  conclusion,  t h e  t r a n s  in f luence  o f  t h e  X group is  l a r g e  when 

t h e  group could form covalent  bond with t h e  tha l l i um atom. 

halogen groups show an in t e rmed ia t e  t r a n s  in f luence  with following 

order ;  I > B r >  C l >  F .  

4 9 3  31 

m 

The presence 

7 7  The l a r g e  J(205Tl- Se) value o f  7260 H z  was 
77 

a r e  7250 and 2260 H z ,  

The 
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