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The synthesis and structure of new organ0 -thallium compounds have seen 

very little progress during the year 1973, while a modest number of papers 

codcerning the reactivity oE organothallium derivatives and their application 

to organic synthesis continued to appear. This survey will deal with 1) 

retiiews, 2) synthesis of new organothallium compounds, 3) compounds containing 

thallium-metal bonds, 4) ktnetic studies, 5) rextions of organothallium(ILZ) 

compounds and 6) reactions of Tl(I) compounds. 

Reviews 

Two reviews by NcKillop and Taylor have appeared (1.2) which are mainly 

concamed with the apDlications of organothallium compounds to organic 

cheinistry. Other review articles on organometallic eight-membered ring 

compounds (3) and on the stability of organomecallic cotup:-axes with anionic 

and neutral ligands (4) included surveys on organothallium compounds of related 

interest. 

Synthesis of new organothallium compounds 

A research group in India reported the preparation of a series of cycle- 

pentadienyl, indeny and fluorenyl derivaclves of Tl(II1) (S-9). Treatment of 

(C5H5W $lC15 with cyclopeatadienyl- (5). indenyl- (5), and fluorenylsodium (45) 
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gave tricyclopentadienyl-, triindenyl- and trlfluorenylthallium, respectively 

The former two compounds could also be obtained by refluxing T1203 vith cycle- 

pentadiene or indene in TRIP solution (7). The reaction OF (C5D5ND)2TlC15 with 

two equivalents of cyclopentadienyl- and indenylsodium gave dicyclopentadiengl- 

thallium chloride and diindenylthallium chloride, respectively (8). The 

chlorides could be converted to the corresponding borohydrides by treatment 

with sodium borohydride (9). 

R,TlCl + NW4 d R TlBH 2 L + NaCl 

I R= 0 , Q (lj 

IR studies suggested that thallium-to-boron bonding through bridging hydrogen 

atoms occurs in I. Preparation of cyclooctatetraenethalliwn(IIIj chloride 

and 

(R= 

potassium salt of cyclooctatetraenethallium(1) was reported (10). 

Deacon et al. synthesized several diorganothsllium arenesulfinates R2T102SR 

Me. Et, Ph, C6F5; R’= Ph. p-MeCoH4) from R,TlX (X= halogen) and AgO,SR’ (10) 

Molecular weight determinations and IR spectra of II indicated the structure in 

solution to be dimeric with bridging O-sulfinato groups, while weak association 

the dimeric units occurs in the solid state. I1 forms some 1:l adducts with 1.1 

phenanthrollne (phen), 2,2’-blpyridyl (bipy), pyridine, Ph5PO or PhSAsO. For tfic 

oonomac~c pyridina, Eh5PO and Ph+O complexes, the sulfinato groups are unident 

with 4-coordinate Tl atom, while the phen and bipy analogs may contain either 

unidentate or bidentate sulfinato groups with 5- or &coordinate Tl atoms. Deacc 

et al. also reported the preparation of (C6F5),T10.k from Li02SC6F5 and Tl(IIIj 
L 

salts through SO, elimination of S-sulfinatothallium(II1) comoounds (12). 
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Some organothallium dithiophosphates were investigated by Walther (13). 

Phenylthallium(II1) derivatives of the type, PhTl(S,PRR')2 III (R= R'= OMe; R= R'= 

OPh; R= R'= Ph; R= Ph, R'= OEt) were prepared from PhTlC12 and the corresponding 

alkali metal dithiophosphates. Ph2TlS2PRR' IV (R= R'= OMe; R= R'= OEt; R= R'= Olh; 

R= Ph. R'= OEt) were obtained similarly. /+n analogous reaction of EtT1(OOCLPr)g 

with KS2P(OR)2 resulted in the formation of TlSgP(OR), &S shown ln iq. 2. Roth 

III and IV were found to be monomeric in benzene. 

EtTl(OOC'Pr)2 + 2KS,P(OR)2 - ilS,P(OR)2 + PKOOCipr + (P0)2PS2Et (2) 

R= Me, Et, Ph 

The following order of stability of dithiophoaphate derivatives of Tl was suggas:ed. 

Tl(I)) Ph2Tl(I11))PhTl(III)~alkylTl(iIL), il(III) 

The results of IR, mass and proton NMR spectral studies oE III and IV were 

discussed in terms oE structure and stability. 

Synthesis of organothalliun(II1) derivatives of zminopolycarboxylates and 

bases of biological Interest was reported by Stocco et al. (14). Thus PhTlC12 

forms I:2 complexes with phenylglycine and phenylalanine, and 1:1 complexes with 

ininodiacetic acid, KTA and EDTA. The IR spectra of these compounds were reported. 

Cumylpero_xydiphenylthallium, Ph2TlOOCNe,Ph, was prepared from Ph,Tl6r and PhMe.,COONa 
L 

and was found to be stable for a short time at O-5". It was cleaved rapidly by 

atmospheric moisture (15). 

P-MeC6H4, Ph) were reported 

OlapLnski and Weidlein 

the chapter on Ga and In). 

suggested the presence of a 

Two independent groups 

Preparation and IR spectra of R2TlCN (R= g-, LJ-, ar.d 

(16). 

prepared (Me,T1)2S04 from Me3T1 and H,S04 (17) (sea also 

Raman and IR study of this compound gave evidence which 

linear Me2Tl+ cation and S04= anion in water solution. 

reported on the preparation of vinylic derivatives of 

Tl(II1) by oxythallation. Treatment of dialkylacetylenes with T~(OAC)~ in acetic 
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acid gave stable acetoxytballated compounds (18) as shown in eq. 3. 

RC= CR 
Tl (OAC)~ \ R, 

AC0 ’ 
c=c 

AR 
f 

‘Tl (OAc)? 

R,C&Tl(O*=‘2 
(3) 

HOAc AcO’ ‘R 

R= Me, EC 

Assignments of the proton EiMR spectra for cfs and tr&ns isomers above were made 

the basis of the magnitude of J(Tl-H). Uemura et al. reported a sinriktr aCetoq 

thallation reaction using alkylphenylacetylenes (19). 

PhC = CR 
Tl(OA+ Pt? Tl(OAc)2 Ph .\ ,OAc 

\ ‘CXC + 
HOAc AcO’ ‘R (Ac0)2Tl 

,c=c\ 
R 

V 

R= He, Et 

Treatatni oE V <R= El=) with boiling acetic acid gave the dethellation product uil 

complete retention (.?q. 5). 

Ph 
‘c-c’ 

HOAC T1(oA.z)2 - Pb\C=C/ H 

AC0 ’ ‘Me AC0 / ‘Me 

+ PhCOEt + PhCOCB(OAc)He 

Abraham et al. reported the preparation and spectroscopic studies of some 

thallium(II1) porphyrin (20) and coproporphyrin (21) chelate compo*mda. Visible 

absorption and proton NMR spectral evidence suggested that the Tl atom is situat 

out of the plane of the porphyrin ring with the anionic ligand (OH, OAc, 00CCP3, 

CN) in the axial position (VI). A pronounced concentration dependence in the 

proton NMR spectra oE thallium(II1) coproporphyrins were interpreted in terms of 

a monomer-diner equilibrium. 



5 

VI 

Compounds containing thallium-metal bonds 

Haupt and Neumann prepared Ph,TlMn(C0)5 from Ph2T1Cl and NaMn(COI5 in ether 

(22). Analogous reactions of R2TlX (R= Me, "Pr and Ph; X= halogen) with NaFfn(COi5 

in THF resulted in the formation of Tl[MniC0)5]3. They also obtalned C1T1[Mn(COlj]2 

according to the following scheme. 

PhTlCl, + 2NaMn(CO)5 - PhT1[Mn(C0)512 + 2NaCl (6) 

PhTl[Mn(CO)& + PhTlCl, - Ph2TlCl + C1T1[Mn(CW512 (7) 

The LR spectra of these new metal-metal compounds were reported. 

A Russian group synthesized a thallium-tin bonded compound, Tl[Sn(CH2SFMe3)313 

VII by the reaction of Et3Tl with 3 moles of (Me3SiCH2)3SnH at -10 to 20° (23). 

VII reacted with metallic mercury at 20" to give elemental thallium and 

Hg[Sn(CH2SiMe3)312, whereas the reaction of VII with BrCH2CH2Br gave C,Hq and 

(Me3SiCH2)3SaBr (95X). 

The crystal and molecular structure of T1[MoCp(CO)313 was determlned by Rajaram 

and Ibers (24). An overall view of the molecule is shown in .‘ig 1. The coordination 

around the central Tl atom was found to be trigonal pyramidal with the Tl atom 

being 0.586 i out of the plane of the three MO atoms. An average Tl-MO bond distance 

is 2.965 i and an average MO-T1-MO bond angle 119.7'. where individual Tl-MO dilntances 

and Mo-Tl-MO bond angles differ significantly from these average values. No other 

metal-metal Interactions were observed, which fails to explain the dichroism 

observed in that compound (Inorg. Chem., 9 (1970) 1936). 
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Fig. 1 

Kin2tic studies 

Price et al. investigeted the pyrolysis of Me3TI in 2 mercury-free toluene 

carrier flow system (452-536-K, total pressure 6.7-39.3 mm, contact time 0.9-5.1 

sec. 5.4-90.2f decomposition) (25). In a vessel cleaned with boiling conceatrat 

tUW3 and coated by decomposing 0.1 g Me3T1 no heterogeneous reaction could be 

detected. The authors claim that &he s:tivation energy (36.4 Kcal/mole) obtaine 

by least square analysis of the First order rate constants should 

approximation to D[Me2Tl-Mel. 

be a good 

Kinetic studies on the oxidation 05 olefins by Tl(IZI) salts have been report 

by several research groups. Halpem ec al. examined the kinetics of the reaction 

between T1(C104)3 2nd several elkenols ILY aqueous perchloric acid (26). Substra 

studied Include I-propen-3-01, l-buten-4-01, I-penten-4-01, 1-penten-S-01 and 

l-hexen-6-01 which were converted to hydroxy-acetone and 1,2,3-propanetriol, 

3-hydroxytetrahydrofuran. 2-methyl-4-hydroxytetrahydrofuran, 5-hydroxy-Z-p&tenon 

zzzd 6-hydroxy-2-huanone, respectively. The reactivity patterns For the initial 

rete of hydroxythallacion step were Eound to be vary similar LO chose for the 

corresponding hydroxymetcuration over a wide range of olefin structures. The 

direct spectral detection oE some of the intermediate hydro.xythallated adduces 



also was described. These findings led the authors to propose the oxythallation 

dethallation mechanism: 

TL3+ + CH2=CHR 
“20 

' [TlCH2CR(R)~J"l'+ + "+ 

(8) 
- Tl’ i- oxidation products 

Halpern et al. suggested a similar mechanistic sequence for the oxidation of 

cycloalkenes, l-methylcycloalkenes and methylenecycloalkanes by Tl(C104)3 on the 

basis of a kinetic study (27). The carbonyl products of the oxidation of the 

cycloalkenes 

ketones (eq. 

(eq. LO). 

and 1-methylcycloalkenes were typically ring-contracted aldehydes 01 

9) and of the methylenecycloalkanes, ring-expanded cyclic ketones 

R= H, Me 

T13+ 
2+ 

-Tl+ 

(9) 

(10) 

A kinetic study of the oxidation of phenylethylenes by Ti(N03)3 in metha?> 

was reported by Nadon et al. (28). The reaction involved the formation of the 

thallium-organic intermediate as the rate-determining step, followed by the 

migration of aryl groups. Henry investigated deuteriun isotope effects for 
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reaction 11 employing C2D4, cis and trans-1,2-dideuterioethylene (29). The 

k(C2RCI)/k(C2D4) ratio observed for eq. 11 was less than unity (O-8), consistent 

vith the fact that hydrogen is a better electron vithdraver than deuterium. The 

Tl(III) oxidation may be very sensitive to electronic effects. Furthenmre B ttie 

ratio of the tendencies for H to transfer as opposed to D ia eq. 12 vas fouud t@ 

be 1.92. ihese findings, together with similar results vith Pd(lI)-deuterio- 

ethylene systems, led the author to confirm the earlier conclusion that hgdrorry- 

q etalation is the rate determining step in both Tl(IIT) and Pd(II) oxidation of 

ethylene, followed by the rapid demetalation process. 

Tl (CL04 1 3 
+ 

‘2’4 R 0 
’ CH3CA0 + EOCH2CH20H + Tl 

2 

D sniet 

%O 

C2H2D2 + Tl(III) - ’ TICH&8 /----- 
D \ H shift \ 

CKD*CBO 

CH2DCD0 

(11) 

(12) 

(13) 

Halpem et al. reported kinetic maasurements oE the reaction of T1(C104)3 

vlth OrgmOCObalt compounds (eq. 13), and some kinetic perameters obtained were 

compared with those for the better defined reaction of Hg 2+ with RCo(DE),(E,0) 

(30) - 

PCo(DH)2(HZO) + TJ. 3+ + H 0 - RT12+ + CO(DH)+~,O)~* 
2 

DH= dlmethylglyoximate; R= Me, Ph 

There was no indication of tile formation of R2Tl* by further reaction6 OS RTI 
2* 

with RCo(D312(R,0). 
* 

Reaction of organothallium(Tl1) compounds 

Investigation of the reactivity of arylthallium(IIT) derivatives was extende 

by several groups. Taylor et al. Found that treating ArT1(OOCCF3)2 with EC1 a*d 
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NOCl yielded the aryLnitrosn compounds with the orientation COritrO~ potential 

inherent in the initial thallation process (31) as shown in eq.14 . 

ArTl(OOCCF3)2 + 2HCl - ArTLC12 + 2CF3COOH (14) 

1 NOCl b 
ArNO + TIC13 

Ar- Rh, p-t-@CC6H4. e-C1C6H4, @!eC6H4, E-EtC6H4 and some polymethylateJ 

phenyl 

Electrophilic displacement of Tl(SII) with a 4-centered transition state was 

suggested. Herbert reported a convenient method for the specific introduction of 

a s%ngle deuterium atom into aromatic compounds (32). Thgs, redwtion of 

A~T1(00CCF3)2 with NaBH, in EtOD gave the cot-respondfng e- or E-deuterio c~mpouncs 

(eq. 15). 

X x 

0 

EtOD 

TWJCCF,)2 
N&-i4 \Q 

(15) 

X= &r, E-G%?, o-COOMe, g-COO&i, cl-CH2COOH 

The reaction of ArTI(OAc)ClOA with Cu(SCN), in the presence of KSCN affoedea 

atyl thiocyanares as shown in eq.3.6 (33). It was shown that the yields are very 

solvent dependent and that the use of CuSCN is less eEfective for the thiocyanstio1 

ArTL(OAc)C104 
KSCN 

+ Cu(SCN)2 - ArSCN + TICLO + Cu(OAc)SCN (16) 

AK= Ph. E-MeC,.,H4, 3,4-Me2C6H3, Z,4-Me2C6fi3, E-HeoC6H4 

Some RC6H4SCN (R= H, Cl. I?, He. OMe, Me3C) were prepared by photoljrsis OE 

RC6H4TL(00CCF3)2 Fn DMSO in the presence oi excess KSCN (34). 

The reaction of LWR4 (MS R, Al, Ga, Tl: II= kl, Ma) with Me6Sn2 has been 

studied (35). 'The formation of Li[(Me3Sn)nT3.Me4_n] (n= 1,2) derivatives in rhl. 

reaction of LIT3.Me4 was suggested on the basis of the observation of Sn and Tl 
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satellites in the methyl proton signals in NMR spectra. A possible reaction 

sequence reported is: 

LiTDie + Me6Sn2 - Me4Sn + Li[Me3SnTlMe3] (17) 

Li[Me3SnTlMe3] + Me6Sn2 - MeqSn + Li[(Me3Sn)2TLMe21 (18) 

2Li[Me3SnTlMe3] # LiTIMel + Li[(Me3Sn)2T1Me2] (19) 

A study of the oxidation oE l-octene by Tl(OOCCF3)3 in a number ofPsoltients 

showed that the 1nltia.l organothallium adduct is stable under the reaction 

conditions employed (36). When treated with water, it rapidly decomposed to give 

msinly octan-Z-one, 1,2-epoxy octane and octane-1,2-dial. It was suggested that 

the neighboring Tl substiturnt aids hydrolysis as showo in eq. 20, which may exp 

the product distribution. 

RCH -CH 
I 2 “2O 
TL(0,CCF3)2 A -CF3C02H 

-“TlO CCF RCH \ 

b ,$H 

2 3 

“2 ’ 
CF3 

NC\ 
RCH T102CCF3 

---K 
RCH 

1 I -1 
TlO,CCF3 

HO+ 
I - 

I‘?” 

Itr\ /O 
- OH 

_z 
OFxCF 

3 

(20) 

The scope, limitations and synthetic utility of T1(N03)3 oxidation of olefi 

have been studied (37). The reactions investigated include rapid rearrangement 

of olefins to carbonyl compounds via ring-contraction of cyclic olefins (see also 

ref. 26 and eq. 9) and aryl migration. Applications of ring enlargement by 

Tl (C104) 3 of me thylenecycloalkanes (eq. 10) to adamsntane systems were reported 

Although the four- and five-membered systems gave moderate yields of ring-expands 
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ketones, the method was found to suffer from incompleteness of oxidation and 

sensitivity of the ketone products tor;ard further oxidation. Typical examples 

are shown in eq. 21-23. The high ratio of VIII/TX obtained in eq. 23 led the 

authors to suggest the intermediacy of Y. rather than its endo epiner SI. 

- CH2 P Tl(C104)3 

T1(C104)3 

(21) 

CH 
2 

VIII (507) IX (0.6;:) 

fi 

OH 

& 

CH2TlX2 

OH 

X 
CH2T1X2 

XI 

A full account OF oxidations of several acetylenes with T1(K03)3 has appeared 

(39). It was found that the nature of the products depends on the solvent employed 

and the structure of the acetylenes as shown in eq. 24-27. The specificity in 

oxidation was explained in terms of the mechanisms of the various reactions. 

0 0 
AKCGCA~' + 2T1(N03)3 

H,O& 
1 At?i-C!!Ar’ (24) 

or &OH 

OR’ ‘0 0 OR" 

RC SCR’ + Tl(NO& - RiH--eR’ + RI!-&R’ (25) 

RI’= H (in aqueous solution) 

R”= Me (in MeOH) 
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RC=ICH + 2Tl(NO& 
B30’ 

’ RCOOH 

MEOH 
ArCZCR + T1(N0313 h A x KOOHe 

(26) 

(27) 

McKillop et al. continued to study a one-step synthesis of methyl arylacetst 

by using Tl (NO31 _, in methanol (4Q). The reaction involves aryl migration (eq. 28 

and the scope and limitations of the synthesis have been defined. 

’ O=CCH?Ar 
&Me- (28) 

These workers also extended their previous report on the oxidatioa of chafcones, 

deo.xybenzoins and benzoins with Tl(N03) 3 (41). They have shown that Tl!III) 

oxidation of chalcones to benziIs, with loss of one carbon atoo, t&es place by 

means of a discrete series of three independent oxidations involving the inter- 

madiacy oE dcoxybdnzoins and then benzoins as shown in eq. 29. A wchanism 

involving organothallium intermediates ‘Jas postulated. 

ArCH=CHCOAr’ 

ArCH(OH)COAr’ 
Tl(lr;03)g 

\ ArCOCOAr’ 09) 

A cleavage of the cyclopropene ring in methyl G-ttadryloban-19-oate with 

T1(0&1)~ was reported to give four msjor products including the s-atlsane 

derivatives (42). An intramolecular oxidative phenol coupling ~5th T1(OOCCF313 

was reported by Schwartz et al. (43). Elson and iiochi observrd ESR evidence for 

a novel one-elactron oxidation of polyalkylated aromatic compounds by T1(00CGF3)3 

(44) - Thus, paramagnetic species, the arme cation radicals, were readily 
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detected in solution under thallation conditions involving the initial formation 

of charge-transfer complexes (eq. 30). Aromatic substitution can then proceed by 

collapse of the cage species or the arene cat+-- radical can be observed after 

diffusive separation (eq.31). 

Tl(III) + ArH m [AL-H Tl(III)] ,m [ArHf Tl(II)I (30) 

[ArH+ Tl(II)I 
<I ;:‘:’ + *‘“L* “‘: ArTl(I;I) 

‘Tl 

Reaction of PhN=CCIz with Me2T1R (R= NMeP, OEt, SPh, P(O)ph?, 

in 1:l and 1:2 molar ratio gave PhN=CClR and PhN=CR*, respectively 

(31) 

1-pprrolidinyl 1 

(45). 

Reactions of Tl(I) compounds 

A rapid synthesis of cobalticlum salts XII-XIV was reported by using 

thallium(I) cyclopentadicnide derivatives (eq. 32) (46). 

CSHSTl + MeC3H4T1 + CoClz 
DMSO \ 

(C5Hg)*Cof + (C5H5) (MeC5H4)Co 
+ 

+ (MeC5H4)Co 
+ 

(32) 

XII XIII XIV 

The reaction of Tl(1) salts of 1,3-cyclohexanrdione and 1,Fcyclopentanedicne 

with a series of alkyl halides and o(-haloesters gave, unlike the alkylation of 

acyclic diketone salts of Tl(I), the 0-alkylation products predominantly rather 

than C-alkylation (47). Cambie et al. found that the use of a Tl(I) carboxylatzs 

and iodine provzdes an effective means for the high yield conversion of alkenes 

into the corresponding O[-iodocarboxylates (eq. 33) (48). 

,c=c: + TlOOCR + I2 
P/CR 

- :FI-c. + TlI (33) 

References p. 14 



14 

ReEersoces 

1) A. McKillop and E. C. Taylor, Advan. Organometal. Chem., 11 (1973) 147. 

2) A. HcKillcp and E. C. Taylor, Chem. Britain, 9 (1973) 4. 

3) .I. Weidlein, .I. Orgmotcetal. Chem., 49 (1973)257. 

4) I. P. Beletskaya, K. P. Butin, A. N. Ryabtsev and 0. A. Reutov, Ibid., 59 

(1973) 1. 

5) N. Kumar, B. L. Kalsotra and R. K. Multani, J. Inorg. Nucl. Chem., 35 (1973) 

3019. 

6) N. Kumar, R. K. Multani and 6. L. Kalsotra, Cheo. Ind. (London), (1973) 529. 

7) N. Kumar, B. L. Kslsotra and R. R. Multani, Curr. Sci., 42 (1973) 58; C. A., 

78 (1973) 72269. 

8) N. Kumar, 8. L. Kalsotra and R. L. Multani, J. inorg. Nucl. Chum., 35 (1973) 

1295. 

9) N. Kwar, R. K. Iiuicani and B. L. KaIsotra. .I. Organometal. Chem., 59 (1973) 

105. 

10) N. Kumar and R. K. Multani, ibid., 63 (1973) 47. 

11) G. B. Deacon and V. C. Garg, Aust. .I. Chem., 26 (1973) 2355. 

12) R. J. Bertino, ?. G. Cookson, G. D. Deacon and I. K. Johnson, J. Fluorine 

Ch-., 3 (1973) 177; C. A., 79 (1973) 42639. 

13) 5. Walther, 2. .tiorg. Allgem. Chen., 395 (1973) 112. 

14) G. C. Stocco, E. Rivarola and F. Di Bianca, Atti. Acad. Sci., Lett. Arti 

Palermo, Parte L, 31 (1977,) 193; c. A., 79 (1973) 105315. 

15) A. PI. Bryukhano;r. V. P. Maslennikov, V. G. Meierov and Yu. A. Aleksandrov, 

Zh. Obshch. Khim. , 43 (1973) 214; C. A., 78 (1973) 111401. 

16) T. N. Srivastava, S. N. Bhettacharya and K,K. Bajai, J. Indian Chem. Sot., 

49 (1972) 1143; C. A., 78 (1973) 111454. 

17) H. Olapinski and .I. Weidlein, J. Organometal. Chen., 54 (1973) 87. 

18) R. K. Sharms and N. ii. Fellers, J. Organooctal Chem., 49 (1973) C69. 

19) S. Uenura. K. Sohma, H. Tara and H. Okano. Chea. Lett., (1973) 545. 

20) R. J. Abraham, G. H. Bdrnett and K. M. Smith, J. Chem. Sot. Perkin I, (1973) 

2142. 

21) R. J. Abraham, C. H. Barnett, E. S. Bretschneidcr and K. M. Smith. Tetrabed 

29 (1973) 553. 



15 

22) 

23) 

24) 

25) 

26) 

27) 

28) 

29) 

30) 

31) 

32) 

33) 

34) 

35) 

36) 

37) 

38) 

39) 

40) 

41) 

42) 

43) 

H. J. Haupt and F. Neumann, J. Organometal. Chem., 50 (1973) 63. 

C. S. Kalinina. E. A. Shchupak, 0. A. Kruglaya and N. S. Vyazanki, Izv. Akad. 

Nauk SSSR, Ser. Khim., (1973) 1186; C. A., 79 (1973) 66511. 

J. Rajaram and J. A. Ibecs. Inorg. Chem., 12 (1973) 1313. 

S. J. Price, J. P. Richard, R. C. RumEeldt and M. C. Jacko, Can. J. Chem., 

51 (1973) 1397. 

J. E. Byrd and J. Halpern, .I. Amer. Chem. Sot., 95 (1973) 2586. 

P. Abley, .I. Byrd and J. Halpern, ibid., 95 (1973) 2591. 

L. Nedon, M- Tsrdat, M- Zador 2nd S. Fliszar. Can. J. Chem., 51 (1973) 2366. 

P. M. Henry, J. Org. Chem., 38 (1973) 2415. 

P. Abley, E. R. Dockal and J. Halpem, J. Ax,.tr. Chem. Sot., 95 (1973) 3166. 

E. C. Taylor, R. H. Danlorth and A. McKillop, J. Org. Chem., 38 (1973) 2088. 

R. 8. tlerberc, Tetrahedron Lett., (1973) 1375. 

S. Uemura, S. Uchida, M. Okano and K. Ichikawa, Bull. Cllem. Sot. Jap., 46 

(1973) 3254. 

H. Mitani, T. Ando and Y. Yukawa, M.am. Inst. Sci. Ind. Res. Osaka Univ., 3C 

(1973) 81; C. A., 79 (1973) 31613. 

A. T. Weibel and J. P. Ollcer, J. Organometal. Chem., 57 (1973) 313. 

A. Lethbridge, R. 0. C. Norman and C. 8. Thomas, J. Chcm. Sot. Perkin I, 

(1973) 2763. 

A. McKillop, J. D. Hunt, F. Kienzle, E. Bighan and E. C. Taylor, 3. Amer. 

Chem. sot., 95 (1973) 3635. 

D. Farcasiu, P. V. R. Schleyer and D. B. Ledlie, J. Org. Chem., 38 (1973) 

3455. 

A. HcKillop, 0. H. Oldenziel, B. P. Swann, E. C. Taylor and R. L. Robcy, J. 

Amer. Chem Sot.. 95 (1973) 1296. 

A. McKillop, B. P. Swann and E. C. Taylor, ibld., 95 (1973) 3340. 

A. McKillop, B. P. Swarm, M. E. Ford and E. C. Taylor, ib?d., 95 (1973) 3641. 

H. M. Cambell, P. A. Gunn, A. J. McAlees and R. McCrindle, Can. J. Chem., 51 

(1973) 612. 

M. A. Schwattz, B. F. Rose and B. Vishnuvajjala. J. Amer. Chem. Sot., 95 

(1973) 612. 



16 

44) I. El. Elson and J. K. Kochi, ibid., 95 (1973) 5062. 

45) B. GIalther and W. Kolbe, 2. Chem., 13 (1973) 192; C.A., 79 (1974) 136654. 

L6) J. E. Sbeats aEd T. Kirsch, Synthesis Tnorg. Metal-Organic Chem., 3 (1973) 

59. 

47) J. M. McKintosh and P. M. Beaumier, Can. J. Chem., 51 (1973) 843. 

48) R. C. Gambia, R. C. Rayuard, J. L. Roberts and P. S. Rutledge, Cbem. Comma 

(1973) 359. 


