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The reaction of [phenylthallium(III)(l&crownB)] diperchlorate, [PhTlm(l&crown-6)](C104)z (la), with 
phenol gives [phenyl(4'-hydroxyphenyl)thallium(III) (l&crown-6)] perchlorate (2), the phenolic OH having 
remained intact. The complex la reacts also with alkylphenols, methoxyphenols, catechol, resorcinol, and 
pyrogallol to give thallated products exclusively at the para position of the electron-donating group (OH 
or OCHJ without suffering from reduction of thallium(II1). No reaction takes place with benzene, toluene, 
and tert-butylbenzene. 

Introduction 

Increasing attention has been paid to electrophilic aro- 
matic substitution reactions with inorganic salts, examples 
being Tl(III),l Hg(II),2 Pb(IV),3 Rh(III),4 and Pt(IV).5 
Reactions of the "l(III) ion with aromatic compounds have 
been extensively investigated from the viewpoint of organic 
synthesis because the thallium moiety in the product 
monoarylthallium(II1) ion can easily be converted to other 
functional groups.' Although it can be presumed that 
monoarylthallium(II1) ions have enough electrophilicity 
for further aromatic substitution, there are only a few 
examples of diarylthallium(II1) compound formations by 
the reaction of monoarylthallium(II1) ions with aromatic 
compounds.1c 

Previously, we have found that the otherwise unstable 
monoarylthallium(II1) compounds can be isolated by the 
coordination of crown ethers to the thallium ion.6 For 
example, [phenyl(iodo)thallium(dibenzo-18-crown-6)] 
perchlorate, [Ph(I)T1r11(DBC)](C104) (DBC = dibenzo- 
18-crown-6), having a TI-I bond' was isolated by the re- 
action of [PhTl"'(DBC)] (C104)z with the sodium iodide 
15-crown-5 complex [Na(lBcrown-B)]I, without decom- 
position of the phenylthallium(II1) ion. We expected that 
reactions of phenylthallium(II1) crown ether complexes 
with phenols could proceed without oxidation of phenols 
by the Tl(II1) ion,le affording complexes having T1-0 or 
TI-C bonds. 
We wish to report here preparation of [phenyl(hydrox- 

yaryl)thallium(III)(18-crown-6)] perchlorate by the reac- 
tion of [phenylthallium(III) (lB-crown-6)] diperchlorate, 
[PhTlrn(18-crownB)](C104)2 (la), with phenols. There is 
no example of the preparations of analogous (hydroxy- 
ary1)metal complexes except for mercuric compounds such 
as HOC6H4HgOCOCH,.2 

Results and  Discussion 

Reaction of [PhTllI1(crown ether)](C104)z with 
Phenol. The reactions of five phenylthallium(II1) di- 
perchlorate complexes of 18-crown-6 (la) and thia crown 
ethers (lb-e) (Scheme I) with phenol were carried out a t  
60 "C in CH3CN. Interestingly, of the five complexes la-e 
examined, only la completed the aromatic thallation 

*To  whom correspondence should be addressed at the Depart- 
ment of Applied Chemistry, Faculty of Engineering, Osaka Institute 
of Technology, Ohmiya, Asahi-ku, Osaka 535, Japan. 
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Scheme I 

2 HCIO, crown ether 
PhTlO - [ PhTI(CIO,),] - [ PhTl(crown ether) ](CIO,), 

THF THF 

crown ether : 

crown ether = 18-crown-6 : 1 a 
MTC : l b  

1,10-DTC : l e  

1,4-DTC : I C  
1.7-DTC : I d  

18-crown-6 MTC 1 +DTC 1,7-DTC 1 , I  0-DTC 

Scheme II' 

I 6' 
3 

4 

l a  P- 4 days 

- 
14 days 

no reaction 

a For clarity, the counterion C10,- is not shown. 

within 4 days to give a high yield of [phenyl(4'-hydroxy- 
phenyl)thallium(III)~l8-crown-6)] perchlorate (2) (eq 1). 

(1) w2++ O O H  - CHSCN 60 OC *OH 

2 4 days l a  
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Electrophilic Thallation of Phenols 

The others did not undergo the thallation even after 14 
days. The failure of the reaction of lb-e with phenol may 
be due to the coordination of the sulfur atoms in the crown 
ethers to the thallium atome from the opposite side of the 
phenyl group, preventing the approach of phenol. 

Complex 2 was isolated in 97% yield. In the 'H NMR 
spectrum of 2, three kinds of phenyl protons (H2, H3, and 
H,) and two kinds of protons bonding to the aromatic ring 
of the hydroxyaryl group (hydroxyaryl protons: H2, and 
Hr) were observed (for the numbering, see structures 3 and 
4 in Scheme 11). Each proton was split by the spin cou- 
pling with the thallium nucleus. These observations in- 
dicate that the thallation occurred at  the position para to 
the OH group and the amount of the orthothallated 
product is very small if present a t  all. The NMR signal 
of the OH proton was not observed owing to overlap with 
other signals, although strong IR absorption of the OH 
stretching was observed a t  3360 cm-'. 

Reaction of la with Methyl-Substituted Phenols. 
The reactions of la with 2-, 3-, and 4-methylphenols and 
2,6-, and 3,5-dimethylphenols were carried out in a similar 
manner a t  60 OC in CH3CN (Scheme 11). In the case of 
the reaction with 2- and 3-methylphenols and 2,6-di- 
methylphenol, the 'H NMR spectra indicate the formation 
of thallated complexes 3-5, as revealed by the reduction 
of the spin-spin coupling constants of the phenyl protons 
with the thallium nucleus and appearance of thallated 
hydroxyaryl proton signals (440-480 Hz)? Complexes 3-5 
were isolated in 85, 23, and 88% yields, respectively. 

The aromatic thallation of the ortho-substituted phenols 
(2-methylphenol and 2,6-dimethylphenol) required about 
4 days and of the meta compound (3-methylphenol) about 
7 days. The longer reaction time necessary for 3- 
methylphenol was possibly owing to the steric repulsion 
between the methyl group and the crown ether in an in- 
termediate. In the case of the reaction with 4-methyl- 
phenol, no aromatic substitution was observed, although 
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(1) (a) Usyatinskii, A. Ya.; Bregadze, V. I. Usp. Khim. 1988,57,1840. 
Usyatiski, A. Y.; Bregadze, V. I. Russ. Chem. Rev. (Engl. Transl.) 1988, 
57, 1064 and references cited therein. (b) Uemura, S. In Synthetic 
Reagents; Pizey, J. S. ,  Ed.; Ellis H o r w d  New York, 1983; Vol. 5, 
Chapter 3. (c) Kooyman, E. C.; Huygens, A. V.; de Lepper, J. P. J.; de 
Vos, D.; Wolters, J. Recl. Trau. Chim. Pays-Bas 1981, 100, 24. (d) 
McKillop, A, Taylor, E. C. Adv. Orgonomet. Chon. 1973,11,147-206 and 
references cited therein. (e) McKillop, A.; Perry, D. H.; Edwards, M.; 
Antus, S.; Farkas, L.; NbgrAdi, M.; Taylor, E. C. J. Org. Chem. 1976,41, 
282. (0 Deacon, G. B.; Tunaley, D.; Smith, R. N. M. J. Organomet. 
Chem. 1978, 144, 111. (g) McKillop, A.; Hunt, J. D.; Zelesko, M. J.; 
Fowler, J. S.; Taylor, E. C.; McGillivray, G.; Kienzle, F. J.  Am. C h m .  SOC. 
1971, 93, 4841. (h) Kuroeawa, H. In Comprehensive Organometallic 
Chemistry; Wilkinson, G., Stone, G. A., Abel, E. W., Eds.; Pergamon: 
Oxford, U.K., 1982; Vol. 1, Chapter 8. (i) McKillop, A.; Taylor, E. C. In 
Comprehensive Organometallic Chemistry; Wilkimon, G., Stone, G. A,, 
Abel, E. W., Ede.; Pergamon: Oxford, U.K., 1982; Vol. 7, Chapter 47. 

(2) Makarova, L. G.; Nesmeyanov, A. N. In Methods of Elemento- 
Organic Chemistry; Nesmeyanov, A. N., Kocheshikov, K. A,, Eds.; 
North-Holland Publishing: Amsterdam, 1967; Vol. 4, Chapter 5. Ori- 
ginally published as: Metody Elemento-Organicheskoy Khimii; Nauka: 
MOSCOW, 1965. 

(3) Wolters, J.: de Vos, D. J. Oraanomet. Chem. 1988. 351. 1 and 
references ciGd therein. ' 

(4) Aoyama, Y.; Yoshida, T.; Sakurai, K.; Ogoshi, H. Organometallics 
l986,5, 168. 

(5)  Shul'pin, G. B.; Shilov, A. E.; Kitaigorodskii, A. N.; Krevor, J. V. 
Z. J.  Organomet. Chem. 1980,201, 319. 

(6) Kawasaki, Y.; Enomoto, N.; Tomioka, J.; Akita, H. J.  Coord. Chem. 
1988, 18, 167. 

(7) Kawasaki, Y.; Yokota, W.; Enomoto, N. Chem. Lett. 1982, 941. 
(8) The spin-spin couplings between the thallium nucleus and meth- 

ylene protons of SCHl groups were observed in a range of 260-180 Hz. 
This observation suggests that the T1-S bonds have some covalent 
character. 

(9) In monoarylthallium compounds coupling constants between the 
thallium nucleus and ortho protons of the aryl group are observed in a 
range of 960-1100 Hz, whereas in diarylthallium compounds the corre- 
sponding values are in a range of 430-460 Hz. 

w 
86% (3 : 1) 

26% 44% 

OH OH @-$: '-Bu *OH 12a 

13% 

10 

84% 

9S0/o v 
26% (1 : 1) 

For clarity, the counterion C 1 0 ~  is not shown. 

it was conceivable that the thallation could occur a t  the 
ortho position. The thallation a t  the ortho position, 
however, was reported in the reaction of Tl(02CCF3), with 
anisole.lf The reaction between la and 3,5-dimethylphenol 
did not occur because of the blocking of the position para 
to the OH group with two methyl groups against the 
thallium atom. 

Determination of the Thallated Position in [Phe- 
nyl( hydroxyaryl)thallium( 111) (18-crown-6)l Per- 
chlorate (3-5). The 'H NMR spectrum of the hydroxy- 
aryl protons of 5 was observed as a doublet having a cou- 
pling with the thallium nucleus (Jm = 450 Hz, 2 H). This 
observation indicates that the thallation also occurred at  
the para position of the OH group and the two methyl 
groups located at the meta position relative to the thallium 
atom. In this complex, the spin-spin coupling constant 
between the thallium nucleus and the methyl protons, 
&CHI, was found to be 22 Hz. In complex 3, three kinds 
of the hydroxyaryl protons were observed: one doublet, 
Jm = 444 Hz; two doublet-doublets, Jm = 436 Hz, Jm 
= 124 Hz, with same intensity. In 4 also three kinds of 
the hydroxyaryl protons were observed: one doublet- 
doublet, J T l H  = 480 Hz; one doublet, JTw = 155 Hz; one 
doublet-doublet, Jm = 152 Hz. These spectral data 
suggest that there are two kinds of ortho protons and one 
kind of meta proton in 3 and one kind of ortho proton and 
two kinds of meta protons in 4, respectively. The thallated 
position relative to the OH and CH3 groups in 3 and 4 was 
determined by comparing the coupling constant Jm with 
that of 5. The JT,CHS value of 3 was observed to b 3 2  Hz 
and the same as that of 5. The methyl group, therefore, 
is decided to be located at  the meta position and the OH 
group at  the position para to the thallium atom. In com- 
plex 4, the slightly large JncH, value (26 Hz) was observed, 
suggesting that the methyl group is a t  the position ortho 
to the thallium atom. In both complexes 3 and 4 the 
thallation occurred at  the position para to the hydroxy 
group. 

The result that the thallation of la exhibited high para 
selectivity with regard to the OH group deserves special 
comment. This selectivity may be due to preference that 
the positive charge induced on the OH group be separated 
as far as possible from the thallium ion in the intermediate. 
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Reaction of la with Phenols Containing a Good 
Electron-Donating Group. The reaction of la with 
2-methoxyphenol, 3-methoxyphenol, catechol, resorcinol, 
2-tert-butylphenol, 2,6-di-tert-butylphenol, and pyrogallol 
gave thallated complexes 6-12, respectively. Complexes 
6 and 12 were obtained as a mixture. Yields and the 
structures of the isolated products are listed in Chart I. 

McKillop et al.Ie have reported that the reaction of 
thallium trinitrate with 2,6-di-tert-butylphenol gave 2,6- 
di-tert-butyl-p-benzoquinone in high yield. In contrast to 
this observation, the reaction of la with 2,6-di-tert-bu- 
tylphenol proceeded without oxidation of the substrate to 
give [phenyl(3',5'-di-tert-butyl-4'-hydroxyphenyl)thalli- 
um(III)(18-crown-6)]~C104) (1  1). Furthermore, catechol 
and pyrogallol, which are easily oxidizable and known as 
good antioxidants, were also thallated by la to give 8 and 
12. The difference in reactivity of la for phenols from that 
of T1(N03)3 is weakening of an oxidizing ability of the 
thallium(I1I) ion of la as a result of the binding of the 
phenyl group and the coordination of the 18-crown-6. 

The thallated positions in 8-12 were determined in a 
manner similar to that described above. NOE experiments 
were also used for determination of the thallated position 
in 6a, 6b and 7.'O From the above result on 6, [phenyl- 
(4'-hydroxy-3'-methoxyphenyl) thallium(II1) (18-crown-6)] 
perchlorate (6a) was found to be a major product and 
[phenyl( 3'-hydroxy4'-methoxyphenyl) thallium(II1) (18- 
crown-6)] perchlorate (6b) was found to be a minor 
product. In the case of 3-methoxyphenol the thallation 
occurred only at  the position para to the methoxy group, 
affording 7. The selectivity of the thallation position of 
2-methoxyphenol was mainly controlled by an electronic 
factor in the intermediate, which places two positive 
charges furthest apart as described above. On the other 
hand in the thallation of 3-methoxyphenol, a steric factor 
dominates the thallation position; a steric repulsion of the 
crown ether with the OH group at the 2'-position is smaller 
than that with the OCH, group at  the 2'-position. 

Reaction of Phenylthallium(II1) Diperchlorate 
with Phenol. The reaction of phenylthallium(II1) di- 
perchlorate, PhTl(C104)2, with phenol was carried out in 
tetrahydrofuran (THF) at  40 "C. In the 'H NMR study, 
the phenyl proton signals of PhTl(C104)2 disappeared and 
new signals owing to the diphenylthallium(II1) ion, 
Ph2T1(C104), appeared after 5 days. The thallation 
product of phenol was not observed. 

Reactions of la with Benzene, Toluene, and tert- 
Butylbenzene. The reactions of la with benzene, toluene, 
and tert-butylbenzene were examined under similar re- 
action conditions. The aromatic thallation, however, was 
not observed even after 14 days. McKillop et al.'g have 
reported electrophilic aromatic thallation of benzene, 
toluene, and halobenzenes with thallium(II1) trifluoro- 
acetate. The electrophilicity of la, therefore, is not strong 
enough to cause the thallation of unactivated aromatics. 

Consideration of the Character of Newly Formed 
Tl-C Bonds by Comparing the J m z  Values. Selected 
J ~ H  values for complexes 2-12 are given in Table I (see 
Experimental Section for complete NMR data). In gen- 
eral, T1-H spin-spin coupling constanh in bT1+ are nu- 
merically very large, and the magnitude of the values has 
been explained qualitatively on the basis of a Fermi contact 
mechanism."-13 We have been investigating the ionic 

(10) The enhancement of the ortho (Hr) or meta (Hs) proton intensity 
was measured upon irradiating the OCH, protons. 

(11) Hatton, J. V. J. Chem. Phys. 1964, 40, 933. 
(12) Maher, J. P.; Evans, D. F. J. Chem. SOC. 1965, 637. 
(13) McKillop, A Hunt, J. D.; Taylor E. C. J. Orgummet. Chem. 1970, 

24, 11. 

Kakiuchi et 01. 

Table I. Selected JTIH (Hz) and JTICH, (Hz) Data for 2-12 
complex Jmz Jm2, JTLHs' JllCHg 

2 447 436 
3 
4 
5 

6a 
6b 

7 
8 
9 

10 
11 

12a 
12b 

445 444 436 22 
480 471 26 
442 450 22 
453 484 451 
453 466 45 1 
486 460 
448 474 443 
481 464 
447 465 434 
441 480 
450 44 1 
450 471 

character of the T1-X bonds in [Ph(X)Tl"'(crown eth- 
er)] (C10,) by comparing the coupling constants between 
the thallium nucleus and phenyl protons? We have found 
that the spinapin coupling constants between the thallium 
nucleus and the ortho protons of the phenyl group in 
[Ph(X)Tl(18-crown-6)](C1O4) (X = C1 (13), Br (14), I (15), 
CH3 (16)) increase with increasing ionic character of the 
T1-X (X = C1, Br, I, CH,) bond.14 The J m ,  values in 
13-16 were observed to be 926,899,824, and 401 Hz, re- 
spectively. 

The coupling constants between the thallium nucleus 
and H2 in 2-12 are in a range of 441-486 Hz, which are 
smaller than those in 13-15 and slightly larger than that 
in 16. This result suggests that the ionic character of the 
T1-C bond between the thallium atom and hydroxy aryl 
group in 2-12 is much smaller than those of the TI-halogen 
bonds and slightly larger than that of the T1-CH, bond. 
In complexes 2,3,  5, 6 ,8 ,  10, 11, and 12a, which have no 
substituent at the 2'-position on the aromatic ring, the Jm% 
values are about 450 Hz. On the other hand in complexes 
4, 7, and 9 in which the 2'-position was substituted by a 
methyl or hydroxyl group, the JTMz values are about 480 
Hz. We consider that the steric repulsion between the 
substituent a t  the 2'-position and 18-crown-6 as a ligand 
may cause the Tl-C bond to be more ionic in 4 ,7 ,  and 9. 
In complexes 2,3,6a, 8, and 10, which have electronically 
different substituents a t  the 3'-position (H, CH3, OCH3, 
OH, fBu, respectively), the JTMz values are independent 
of an electronic character of the substituents. This sug- 
gests that the character of the T1-C bond remains almost 
constant in these complexes. 

Experimental Section 
General Considerations. The 'H NMR spectra were recorded 

on a JEOL PS-100 and JEOL JNM-27s spectrometer operating 
at  100 and 270 MHz, respectively. Chemical shifts of 'H NMR 
signals are quoted relative to internal tetramethylsilane. Data 
are reported as follows: chemical shift in ppm (6), multiplicity 
(s = singlet, d = doublet, t = triplet, m = multiplet, c = complex, 
br = broad), coupling constant (Hz), relative intensity, and in- 
terpretation. IR spectra were measured on a Hitachi 215 or 
Hitachi 270-50 infrared spectrometer. Melting points were de- 
termined in open capillaries on a Mitamura Riken Kogyo melting 
point apparatus and are uncorrected. 

Materials. Crown ethers, 1,4,7,10,13,16-hexaoxacyclooctade- 
cane (18-~rown-6),'~ 1,10-dithia-4,7,13,16-tetraoxacyclooctade 
( 1,10-DTC),'6 1,7-dithia-4,10,13,16-tetracyclooctadecane (1,7-D- 
TC)," 1,4-dithia-7,10,13,16-tetraoxacyclooctadecane (1,4-DTC),17 

(14) Unpublished results. 
(15) Gokel, G. W.; Cram, D. J.; Liotta, C. L.; Harris, H. P.; Cook, F. 

L. J. Org. Cbem. 1974,39, 2445. 
(16) Bradshaw, J. S.; Hui, J. Y.; Haymore, B. L.; Christensen, J. J.; 

Izatt, R. M. J. Heterocycl. Chem. 1973, 10, 1. 
(17) Bradshaw, J. S.; Hui, J. Y.; Chan, Y.; Haymore, B. L.; Izatt, R. 

M.; Christensen, J. J. J. Heterocycl. Chem. 1974, 11, 45. 
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Electrophilic Thallation of Phenols 

and 1-thia-4,7,10,13,16-pentaoxacyclooctadecane (MTC)'' were 
prepared by literature methods. Phenols, alkylbenzenes, and 
solvents except for acetonitrile were used without further puri- 
fication. Acetonitrile was dried over Pz05 and was purified by 
distillation. 

[Phenylthallium(III)( l&crown-6)] Diperchlorate (la). In 
a typical preparation, into a suspension of phenylthallium(II1) 
oxide (2.97 g, 10 mmol) in 30 mL of THF was added a THF (10 
mL) solution of 60% perchloric acid (5.01 g, 30 mmol). After 
stirring for 6 h, the resulting clear brown solution was added into 
a THF (30 mL) solution of 18-crown-6 (2.65 g, 10 mmol) at 0 "C. 
After further stirring for 1 h at 0 "C, 200 mL of diethyl ether was 
added and then colorless solids precipitated. Addition of 100 mL 
of diethyl ether to an acetonitrile (5 mL) solution of the precipitate 
gave pure colorless [phenylthallium(III)(18crown-6)] diperchlorate 
(la) (6.70 g, 9.0 mmol, 90% yield), mp 181 "C dec. 'H NMR 
(CD3CN): 6 3.67 (s,24 H, l&crown-6), 7.49 (dd, J m  = 1173 Hz, 

(a, 2 H, HzO). IR (Nujol): u(OH) 3400 (s), u(C-0-C and C104) 
1085 (e) cm-'. Anal. Calcd for (C18H29C12014T1)H20: C, 28.35; 
H, 4.10. Found: C, 28.21; H, 4.26. 
[Phenylthallium(III)(MTC)] Diperchlorate ( lb)  was 

prepared by the following method. To a reaction mixture formed 
from a reaction of phenylthallium(JX) oxide, 60% perchloric acid, 
and MTC was added 200 mL of diethyl ether to give colorless 
solids. Addition of 100 mL of diethyl ether to an acetonitrile (5 
mL) solution of the solids gave a colorless oil. The oil was washed 
with 10 mL of dichloromethane. Colorless solids precipitated and 
were purified by an addition of 100 mL of diethyl ether to an 
acetonitrile (5 mL) solution of the solids, affording colorless 
[phenylthalLium(III)(MTC)] diperchlorate (lb) (5.33 g, 7.0 "01, 
70% yield), mp 178-179 "C dec. 'H NMR (CD,CN): 6 4.02 (dt, 

JHH = 7.0 Hz, 2 H, Hz), 7.66 (dt, J m  = 494 Hz, JHH = 7.0 Hz, 
2 H, H3), 7.65 (dt, J m  = 166 Hz, JHH = 8.0 Hz, 1 H, H4), 6.12 

J m  = 290 Hz, 4 H, SCHZ), 3.72-3.91 (c, 16 H, OCHZCHZO), 4.35 
(dt, J m  = 23 Hz, 4 H, SCHZCHZ), 7.59 (dd, J m  = 994 Hz, JHH 

7.0 Hz, 2 H, Hz), 7.65 (dt J m  = 424 Hz, JHH = 7.0 Hz, 2 H, 
Ha), 7.60 (dt, Jm = 153 Hz, Jm = 8.0 Hz, 1 H, H4). IR (Nujol): 
u(C-0-C and Clod) 1075 (s) cm-'. Anal. Calcd for 
Cl8HBCl2Ol3STl: C, 28.42; H, 3.84. Found C, 28.50; H, 3.83. 
[Phenylthallium(III)(1,4-DTC)] Diperchlorate (IC), a 

colorless solid, mp 166 "C dec, was obtained (6.21 g, 8.0 mmol, 
80% yield). 'H NMR (CD3CN): 6 3.72 (br d, Jm = 170 Hz, 8 
H, SCH,), 3.75 (8 ,  8 H, OCHzCH20),  4.01 (br d, J m  = 15 Hz, 8 

149 Hz, Jm = 8.0 Hz, 1 H, H4). IR (Nujol): u(C-0-C and C104) 
1060-1080 (s) cm-'. Anal. Calcd for C18HzsC1z01zSzTl: C, 27.83; 
H, 3.76. Found: C, 28.16; H, 3.75. 

[Phenylthallium(III)( 1,7-DTC)] Diperchlorate (ld), a pale 
yellow solid, mp 148 "C dec, was obtained (5.44 g, 7.0 mmol, 70% 
yield). 'H NMR (CD,CN): 6 3.40 (br d, J m  = 54 Hz, 8 H, SCHa, 
3.56 (br t, JHH = 4 Hz, 4 H, SCH2CHzOCHzCHzS), 3.8-3.9 (m, 
8 H, OCH2CHzO), 4.0 (br d, JHH = 4 Hz, 4 H, SCHzCHzO), 7.56 

Hz, 1 H, H4). IR (Nujol): u(C-0-C and C104) 1060-1080 (9) cm-'. 
Anal. Calcd for (C18H29C1z01zSzT1)3CH3CN: C, 28.36; H, 3.83; 
N, 0.59. Found: C, 28.30; H, 3.83; N, 0.40. 
[Phenylthallium(III)(l,lO-DTC)] Diperchlorate (le), a 

colorless solid, mp 195-196 "C dec, was obtained (6.21 g, 8.0 "01, 
80% yield). 'H NMR (CD3CN): 6 3.72 (br d, J m  = 170 Hz, 8 
H, SCHz),  3.75 (m, 8 H, OCHzCHzO), 4.01 (br d, J m  = 15 Hz, 

156 Hz, Jm = 8.0 Hz, 1 H, H4). IR (Nujol): u(C-0-C and C10,) 
106C+1080 (s) cm-'. Anal. Calcd for C18H28C12012S2Tk C, 27.83; 
H, 3.76. Found: C, 28.04; H, 3.76. 

Reactions of la-e with Phenol in NMR Tubes. Complexes 
la-e (0.1 mmol) were dissolved in 0.3 mL of acetonitrile in NMR 
tubes. An acetonitrile (0.3 mL) solution of phenol (0.038 g, 0.4 
mmol) was added into the solutions of the complexes. The so- 
lutions were degassed three times by freeze (liquid nitrogen 
bath)-thaw (water bath) cycles. The tubes were sealed under 
reduced pressure. The solution was heated at 60 "C in the 
darkness, and progress of the reaction was monitored by 'H NMR 
spectrum. 

H, SCHZCH,), 7.61 (dd, Jm = 965 Hz, JHH = 7.0 Hz, 2 H, Hz), 
7.65 (dt, J m  = 403 Hz, Jm = 7.0 Hz, 2 H, H3), 7.59 (dt, J m  = 

(dd, J m  = 1008 Hz, JHH = 7.0 Hz, 2 H, Hz), 7.59 (dt, J m  = 419 
Hz, JHH = 7.0 Hz, 2 H, H3), 7.53 (dt, J m  = 160 Hz, JHH 8.0 

8 H, SCHZCHZ), 7.74 (dd, J m  987 Hz, Jm = 7.0 Hz, 2 H HZ), 
7.72 (dt, J m  = 432 Hz, Jm = 7.0 Hz, 2 H, H3), 7.69 (dt, JnH = 

Organometallics, Vol. 10, No. 6, 1991 2059 

[Phenyl( 4'- hydroxypheny1)t hallium( 111) ( 1 8-crown-6)] 
Perchlorate (2). In a typical procedure, the complex la (1.49 
g, 2.00 mmol) was dissolved in 3 mL of acetonitrile in a test tube 
(18 mm i.d. X 180 mm length). An acetonitrile (2 mL) solution 
of phenol (0.755 g, 8.02 "01) was added into the solution of la. 
The solution was degassed three times by freeze (liquid nitrogen 
bath)-thaw (water bath) cycles. The reaction tube was sealed 
under reduced pressure. The solution was heated at 60 "C for 
4 days in the darkness. Into the reaction mixture was added 120 
mL of diethyl ether, and then colorless solids precipitated. Ad- 
dition of 100 mL of diethyl ether to a dichloromethane (5 mL) 
solution of the solids gave colorless [phenyl(4'-hydroxyphenyl)- 
thallium(l8-crown-6) perchlorate (2) (1.43 g, 1.94 mmol, 97% 
yield), mp 207 OC dec. 'H NMR (CD,CN): 6 3.66 (s, 24 H, 
18-crown-6), 7.74 (dd, Jm = 447 Hz, Jm = 7.0 Hz, 2 H, HZ), 7.56 
(dt, J m  = 140 Hz, JHH = 7.0 Hz, 2 H, H3), 7.39 (dt, J m  = 51 
Hz, JHH = 8.0 Hz, 1 H, Hi), 7.50 (dd, J m  = 436 Hz, Jm = 8.0 
Hz, 2 H, Hy) 7.04 (dd, J m  = 111 Hz, JHH = 8.0 Hz, 2 H, HI). 
IR (Nujol): u(OH) 3360 (8) cm-'. Anal. Calcd for C~H,CIOIITk 
C, 38.99; H, 4.77. Found: C, 39.02; H, 4.66. 

[Phenyl (3'-met hyl-4'- hydroxypheny1)t hallium( 111) ( 18- 
crown-6)] Perchlorate (3), a colorless solid, mp 190 "C dec, was 
obtained (1.28 g, 1.70 mmol, 85% yield). 'H NMR (CD3CN): 6 
2.37 (d, Jm = 22 Hz, 3 H, CH,) 3.57 (s, 24 H, 18-crown-6), 7.73 
(dd, J m  = 445 Hz, JHH = 7.0 Hz, 2 H, Hz), 7.53 (dt, J m  = 140 
Hz, J m  = 7.0 Hz, 2 H, Ha, 7.36 (dt, J m  = 50 Hz, JHH = 8.0 Hz, 
1 H, Hd), 7.41 (d, J m  = 444 Hz, 1 H, Hr), 6.99 (dd, J m  = 124 
Hz, JHH = 8.0 Hz, 1 H, HS,), 7.34 (dd, J m  = 436 Hz, JHH = 8.0 
Hz, 1 H, I&,). IR (Nujol): u(OH) 3400 (8) cm-'. Anal. Calcd for 
(C~H&1011T1)zCHzC12: C, 38.53; H, 4.69. Found: C, 38.84; H, 
4.79. 

[Phenyl( 2'-met hyl-4'- hydroxypheny1)t hallium (111) (18- 
crown-6)] Perchlorate (4), a colorless solid, mp 195 "C dec, was 
obtained (0.35 g, 0.46 mmol, 23% yield) by the reaction of la with 
2-methylphenol for 7 days and by the same purification as de- 
scribed above. 'H NMR (CD3CN): 6 2.32 (d, J m  = 26 Hz, 3 H, 
CH,), 3.66 (s,24 H, 18-crown-6), 7.78 (dd, J m  = 480 Hz, Jm = 
7.0 Hz, 2 H, HZ), 7.53 (dt, J m  = 157 Hz, Jm = 7.0 Hz, 2 H, Hd, 
7.37 (dt, J T H  = 59 Hz, JHH = 8.0 Hz, 1 H, HI), 7.19 (d, J m  = 
158 Hz, 1 H, H3,), 6.93 (dd, J m  = 152 Hz, JHH = 8.0 Hz, 1 H, 
HSJ, 7.53 (dd, Jm = 471 Hz, Jm = 8.0 Hz, 1 H, I&,). IR (Nujol): 
u(OH) 3400 (8) cm-'. Anal. Calcd for (C26H&1011T1)2CH2C12: 
C, 38.53; H, 4.69. Found C, 38.38; H, 4.72. 
[Phenyl(3',5'-dimethyl-4'-hydroxyphenyl) thallium( 111)- 

(18-crown-6)l Perchlorate (5), a colorless solid, mp 190 "C dec, 
was obtained (1.30 g, 1.70 mmol, 85% yield). 'H NMR (CD3CN): 
6 2.25 (d, Jm = 22 Hz, 6 H, CH3), 3.56 (s,24 H, l%crown-6), 6.26 
(8, 1 H, OH), 7.68 (dd, J m  = 442 Hz, JHH = 7.0 Hz, 2 H, Hz), 
7.54 (dt, J m  = 138 Hz, Jm = 7.0 Hz, 2 H, H3), 7.39 (dt, J m  = 
54 Hz, J m  = 8.0 Hz, 1 H, H4), 7.25 (d, J m  = 450 Hz, 2 H, Hy). 
IR (Nujol): u(0H) 3420 (8) cm-'. Anal. Calcd for C28H38C1011Tk 
C, 40.75; H, 5.00. Found: C, 40.60; H, 5.06. 
[Phenyl(4'-hydroxy-3'-methoxyphenyl)thallium( III)( 18- 

crown-6)] Perchlorate (6a) and [Phenyl(3'-hydroxy-4'- 
met hoxy phenyl) thallium( 111) ( 18-crown-6)] Perchlorate (6b), 
a colorless solid, mp 188 "C dec, was obtained (1.32 g, 1.72 mmol, 
86% yield) as a mixture (6a/6b = 3/1). This mixture could not 
be separated by column chromatography. The ratio of 6a/6b was 
determined by a comparison of the intensity ratio of Hr in 6a 
and 6b. 6a: 'H NMR (CD,CN) 6 3.60 (s,24 H, 18-crown-6), 3.90 
(s,3 H, OCH,), 7.75 (dd, J m  = 453 Hz, JHH = 7.0 Hz, 2 H, HJ, 
7.35 (d, J m  = 484 Hz, 1 H, Hy), 7.20 (dd, J m  = 451 Hz, JHH 
= 8.0 Hz, 1 H, I&,). The chemical shifts of H3, HI, and H5, could 
not be determined because these signals overlapped with other 
signals. 6 b  'H NMR (CD,CN) b 3.60 (s,24 H, l%crown-6), 3.90 
( 8 ,  3 H, OCH3), 7.80 (dd, J m  = 453 Hz, JHH = 7.0 Hz, 2 H, HZ), 
7.26 (d, J m  = 466 Hz, 1 H, Hy), 7.20 (dd, J T ~  = 451 Hz, JHH 
= 8.0 Hz, 1 H, He,). The chemical shifts H3, H4, and Hst could 
not be determined because these signals overlapped with other 
signals. IR (Nujol): u(0H) 3390 (s) cm-'. Anal. Calcd for 
C25H3BC1012T1: C, 39.08; H, 4.72. Found: C, 38.59; H, 4.77. 
[Phenyl(2'-hydroxy-4'-methoxyphenyl)thallium( 18- 

crown-6)] Perchlorate (7). The reactants were resolved in a 
similar way, and the solution was heated at 60 "C for 7 days in 
the darkness. Into the solution was added 120 mL of diethyl ether 
when a brown oil produced. This oil was purified through silica 
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gel mlumn (eluent dichloromethane, 18 mm i.d. X 150 mm length, 
Wako gel C-200). After evaporation of the solvent, a colorless 
solid remained. Addition of 100 mL of diethyl ether to a di- 
chloromethane (5 mL) solution of the solid gave pure colorless 
[phenyl(2’-hydroxy-4’-methoxyphenyl)thallium~III)~l8-crown-6~] 
perchlorate (7), mp >235 “C (0.200 g, 0.26 mmol, 13% yield). ‘H 
NMR (CDSCN): 6 3.60 (~,24 H, I&CrOWn-6), 7.83 (dd, J m  = 486 
Hz, Jm = 7.0 Hz, 2 H, Hz), 7.59 (dt, J m  158 Hz, Jm = 7.0 
Hz, 2 H, H3), 7.38 (dt, J m  8.0 Hz, 1 H, H4), 6.61 
(d, J m  194 Hz, 1 H, Hy), 7.02 (dd, J m  = 144 Hz, Jm = 8.0 
Hz, 1 H, Ha,), 7.58 (dd, J m  = 460 Hz, Jm 8.0 Hz, 1 H, HB). 

64 Hz, Jm 

IR (Nujol): v(OH) 3390 (8 )  cm-’. Anal. Calcd for Ca&1012Tk 
C, 39.08; H, 4.72. Found C, 38.91; H, 4.81. 

[Phenyl( 3’,4’-dihydroxyphenyl)thallium( 111) ( 18crown-6)] 
Perchlorate (a), a colorless solid, mp 212 OC dec, was obtained 
(0.39 g, 0.52 mmol, 26% yield). ‘H NMR (CDBCN): 6 3.59 (a, 
24 H, l&crownd), 6.85 (a, 2 H, OH), 7.69 (dd, J m  = 448 Hz, J m  
= 7.0 Hz, 2 H, Hz), 7.64 (at, J m  = 135 Hz, Jm = 7.0 Hz, 2 H, 
Hs), 7.36 (at, J m  = 68 Hz, Jm = 8.0 Hz, 1 H, HJ, 7.22 (d, J m  
474 Hz, 1 H, Hy), 7.01 (d, J m  = 151 Hz, Jm = 8.0 Hz, 1 H, 

HI), 7.08 (dd, J m  = 443 Hz, Jm = 8.0 Hz, 1 H, &). IR (Nujol: 
u(OH) 3370 ( 8 )  cm-’. Anal. Calcd for CaH&1OlZT1: C, 38.21; 
H, 4.54. Found: C, 38.33; H, 4.62. 

Perchlorate (9), a colorleas solid, mp 230 “C dec, was obtained 
(0.66 g, 0.88 mmol,44% yield) by the reaction of la with resorcinol 
for 7 days and by the same purification as described above. ‘H 
NMR (CD,CN): 3.66 (a, 24 H, l&crown-6), 7.69 (dd, Jm = 481 

[ P ~ ~ l ( ~ , 4 ’ - ~ ~ p h e ~ l ) t h a l l i u ( I I I ) (  l&ro~n-6) ]  

Hz, JHH = 7.0 Hz, 2 H, HJ, 7.48 (dt, J m  = 156 Hz, Jm = 7.0 
Hz, 2 H, Ha), 6.47 (d, Jm = 197 Hz, 1 H, Hy), 6.92 (dd, J m  = 
146 Hz, Jm 8.0 Hz, 1 H, Hbc), 7.43 (dd, J m  = 464 Hz, Jm = 
8.0 Hz, 1 H, He,). The chemical shift of H4 could not be deter- 
mined because the signal overlapped with other signals. IR 
(Nujol): u(OH) 3310 (e) cm-’. Anal. Calcd for CuH&1OlZTI: 
C, 38.21; H, 4.54. Found: C, 38.01; H, 4.63. 

[Phenyl( 3’- tert -butyL4’-hydroxyphenyl)t hallium( 111)- 
(18-crown-6)] Perchlorate (lo), a colorless solid, mp >235 OC 
dec, was obtained (1.34 g, 1.68 mmol, 84% yield). ‘H NMR 
(CDBCN): 6 1.41 (~,9 H, C(CH&), 3.60 (e, 24 H, l&crown-6), 7.79 
(dd, J m  447 Hz, JHH = 7.0 Hz, 2 H, Hz), 7.57 (dt, J m  = 137 
Hz, Jm 57 Hz, JHH = 8.0 Hz, 
1 H, H4), 7.62 (dd, J m  = 465 Hz, JHH = 8.0 Hz, 1 H, Hy), 7.01 
(dd, J m  = 133 Hz, JHH = 8.0 Hz, 1 H, H5*), 7.32 (d, J m  = 434 
Hz, JHH = 8.0 Hz, 1 H, IR (Nujol): v(OH) 3270 (9) cm-’. 
Anal. Calcd for C&IuCIOllTk C, 42.33; H, 5.33. Found C, 42.54, 
H, 5.38. 

[Phenyl(3’,5’-di-tert -butyL4’-hydroxyphenyl)t hallium- 
(III)( 18-crown-6)l Perchlorate (1 l), a colorless solid, mp 
173-174 “C dec, was obtained (1.62 g, 1.90 m o l ,  95% yield). ‘H 

crown-6), 7.73 (dd, J m  = 441 Hz, JHH 7.0 Hz, 2 H, Hz), 7.57 

7.0 Hz, 2 H, Ha), 7.44 (dt, J m  

NMR (CDSCN): 6 1.47 (8 ,  18 H, C(CHa),), 3.57 (8,  24 H, 18- 

Kakiuchi et  al. 

(dt, J m  137 Hz, Jm = 7.0 Hz, 2 H, Hs), 7.38 (dt, J m  = 59 
Hz, Jm = 8.0 Hz, 1 H, Hi), 7.68 (d, J m  = 480 Hz, 2 H, Hy). IR 

(C=H&1011Tl)H20 C, 44.25; H, 6.03. Found C, 44.35; H, 5.92. 
(NuJo~): v(0H) 3550 (a) cm-’. Anal. Calcd for 

[Phenyl( 2’,3’,4’-trihydroxyphenyl)t hallium( 111) (1 8- 
crown-6)] Perchlorate (124  and  [Phenyl(3’,4’,5’-tri- 
hydroxyphenyl)thallium(III)(18-crown-6)] Perchlorate 
(12b). The reaction of la with pyrogallol carried out at  60 “C 
for 1 day. When to the reaction mixture was added 120 mL of 
diethyl ether, a brown oil was produced. This oil was purified 
through a silica gel column chromatography (eluent CHsCN/ 
CHzClz = 1/2,20 mm i.d. X 200 mm length, Wako gel C-300). 
After evaporation of the solvent, a colorless solid remained. 
Addition of 100 mL of diethyl ether to a dichloromethane (5 mL) 
solution of the solids gave [pheny1(2’,3’,4’-trihydroxyphenyl)- 
thallium(III)(l8-crown-6)] perchlorate (12a) and [pheny1(3,4,5- 
trihydroxyphenyl)thallium(III)(l8-crown-6)] perchlorate (12b) 
as a mixture (12a/12b = l/l), mp 173-175 “C dec, (0.408 g, 0.52 
mmol, 26% yield). 12a: lH NMR (CD3CN) 6 3.57 (a, 24 H, 
l%crown-6), 7.73 (dd, JTLH = 450 Hz, Jm = 7.0 Hz, 2 H, HJ, 7.09 

Hz, Jm = 8.0 Hz, 2 H, He,). The chemical shifb of H3 and H4 
could not be determined because these signals overlapped with 
other signals. 12b ‘H MMR (CDSCN) 6 3.57 (a, 24 H, 18-crown-6), 

471 Hz, 2 H, Hy). The chemical shift of HS and H, could not be 
determined because these signals overlapped with other signals. 
IR (Nujol): v(OH) 3400 (9) cm-’. Anal. Calcd for 
(CuHuC1013T1)2(CzH5)zO: C, 38.68; H, 4.87. Found: C, 38.29; 
H, 4.59. 

Attempted Reactions of la with Alkylbenzenes. The 
complex la (0.074 g, 0.1 mmol) was dissolved in 0.3 mL of ace- 
tonitrile in an NMR tube. Into the solution of la was added an 
acetonitrile (0.3 mL) solution of alkylbenzene (0.4 mmol). This 
solution was degassed three times by freeze (liquid nitrogen 
bath)-thaw (water bath) cycles. The reaction tube was sealed 
under reduced pressure. The solution was heated at 60 “C in the 
darknew, and progreas of the reaction was monitored by ‘H NMR 
spectroscopy. 

Reaction of Phenylthallium(II1) Diperchlorate with 
Phenol. Into a suspension of phenylthallium(II1) oxide (0.297 
g, 1.0 mmol) in 3 mL of THF was added a THF (2 mL) solution 
of 60% perchloric acid (0.335 g, 2.0 mmol). After stirring for 6 
h, a clear brown solution was obtained. To the NMR tube (5 mm 
0.d.) was transferred 0.5 mL (0.1 mmol of PhTl(C104)z) of the 
resulting solution. Phenol (0.038 g, 0.4 “01) was added to the 
solution, and then the solution was degassed three times by freeze 
(liquid nitrogen bath)-thaw (water bath) cycles. The tube was 
sealed under reduced pressure, and then the solution was heated 
at  40 “C for 5 days in the darkness. Progress of the reaction was 
monitored by ‘H NMR spectroscopy. 

(dd, J m  = 150 Hz, JHH = 8.0 Hz, 1 H, Hbt), 7.10 (d, J m  = 441 

7.73 (dd, J m  = 450 Hz, JHH 7.0 Hz, 2 H, Hz), 7.24 (d, J m  = 
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