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INTRODUCTION

From a survev of the literature it appears that in studies of Sg processes,
organometallic compounds are utilized in order to provide an incipient or free carb-
anion in the rate-determining process. Generallv, such reactions are characterized by
multi-center and assisted mechanistic pathwavs; one would expect nucleophilic
assistance to occur where there is a deficiency of electrons near the point of attack,
and this is the case in organometallic compounds, in which the metal atom 1s alwavs
electron deficient. ‘

A review by Dessy and Paulik! lists reported reactions of organometallic
compounds in which a four-center reaction mechanism has been proposed. Among
these in the reaction:

{CH,1;Sa-Sn(CH,), + CF,I = TiCH,),Sn-- -Sn(CHm\;E — {CH,),SnCF, <+ (CH,},Snl

" CF,--I g

the transition state is shown as suggested by Clark and Willis®> on the basis of stoichio-
metric data alone. In addition a similar cyvclic interrnediate was postulated in the
reaction between hexaethyvlditin and ethviene dibromide®.

Kinetic investigations on the reaction between three ditin compounds and
iodine have recently been described. Results on hexaphenyviditin in cyclohexane are
consistent with a bimolecular addition reaction via a cvclic intermediate’, while In
acetone results on hexamethyl- and hexabutviditin are explained by assuming an
electrophilic attack by iodine on one of the tin atom of the ditin compound forming
an unsvmmetrical intermediate complex3. It is well known that the metal-metal bond
in ditin compounds is easily broken by halogens in a quantitative reaction® of the
following iype:

R.56-SnR, + X, —— 2 RySnX

We have now studied kinetically the reaction of ditin compounds with iodine in
alcoholic solutions.
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Since the reactions are very fast, the technique emploved is identical to that
used in the case of iodination of tetraorganolead compounds®.

The purpose of this work has been to study the efiect of changing the solvent,
to extend the investigation to include other ditin compounds, and thereby to obtain
information on the mechanism of the reaction.

EXPERIMENTAL

Chemical and reagents

Hexametlyviditin. Trimethyltin bromide was reduced with sodiom in liquid
ammonia by Kraus and Session’s method®. The compound obtained was recrystallized
from light petroleum (b.p. 60-80°) at —787; m.p. 23°.

Hexacthvlditin and hexapropyviditin. These were prepared by the method used
for the methvl compound®; Et,Sn, b.p. 152-154°/17 mm; Pr,Sn, b.p. 143°/15 mm.

Hexabuividitin. This compound is commercially available from Fluka. The
purchased sample was purified by molecular distillation before use.

Trimethyltriphenviditin. This was prepared from triphenyliinsodium and tri-
methvltin chloride in liquid ammonia by Kraus and Bullard’s method®; m.p. 104°.

Tricthvitriphenviditin. This was prepared by Neumann's method!® from
Ph,SnH, (30 mmole} and (Et;5n),0 {15 mmole} in dry benzene under a nitrogen
atmo<phcre and at room temperature. The mixed ditin compound is an oil with m.p.
16-17°. It was stored under drv nitrogen in the dark. It was recrystallized from
auetomtnle at —30° before use. (Found: C, 51.6; H, 5.08; Sn, 42.9. C, H;5n, caled.:
C=51859% H=1541%, %1 =427°,.)

Hexaphlenvlditin. To triphenvltin chloride suspended in liquid ammonia was
added, with stirring, an excess of sodium. The ammonia was allowed to evaporate and
the product was extracted with cold chloroform. Ethanol was added to the chloroform
solution to precipitate out the hexaphenvlditin; m.p. z31°.

Heva-p-telviditin. Tetra-p-tolyvltin was prepared by Lesbre and Rouet’s tech-
nique!’. A mixture of tin teirachloride (0.1 mole} and p-tolyl chioride (0.4 mole) was
slowly added, under a dryv nitrogen atmosphere, to a sodium suspension (0.5 mole) in
boiling toluene, external heating being suspended at the start of the reaction. The
mixture was refluxed for 7 h, then the hot solution was filtered and allowed to cool
in the dark. On cooling, powdery crystals of tetra-p-tolvitin separated. By recrystal-
lization from ethyl acetate, crystals were obtained with m.p. 234-236". Yield 24.4 g.

Tri-p-tolyltin bromide was prepared from 11.4 g of tetra-p-tolyvltin and 3.51 g
of tin tetrabromide. The mixture was heated for 3 h at z05—215°, then for 3 h at 180°.
Finally the heating proceeded for 1.5 h at 150-1607. The solid reaction products were
extracted with ether {Soxhlet), and the solvent was distilled under vacuum. The crude
tri-p-tolvitin bromide was recrystallized from acetone; m.p. g8°. Yield 7.2 g. The final
product, hexa-p-tolviditin, was obtained by refluxing tri-p-toly ltm bromide and
metallic sodium® in drv xviene; m.p. 253-254°. (Found: C, 64.0; H, 5.1; Sn, 30.5.
C,.H;.Sn, caled.: C, 64.3; H, 5.4; Sn, 30.3 o.)

Solvent purijicalton
Methanol was purified by Lund and Bjerrum’s method, by means of magnesium

activated with iodine. Absolute ethanol (gg.2 vol.°;) was refluxed over freshly

1. Organometal. Chemi., 5 {1900) 136-146



133 G. TAGLIAVINI, S. FALESCHINI, G. PILLOXNI, G. PLAZZOGNA

calcined calcium oxide and was then fractionally distilled. Propanol was dried with
metallic sodium and fractionally distilled!=.

“Spectroscopic grade” RP z-propanol from C. Erba (}Milano, Italy) was used.
Benzene, sodium iodide, lithium nitrate were R.P., C. Erba reagents. Dry lithium
perchlorate and sodium perchlorate were prepared from lithium and sodium carbonates
and perchloric acid. The salts were dried in an oven under vacuum first at 130° and
then at 200°. Alcoholic solutions of liquid ditin compounds of approximately yro-3.1Jf
were prepared before use. Their molarity was checked by coulometric titration with
silver ion or bromine!~1%, Solutions of solid ditin compounds were prepared by dis-
solving a known weighed amount of the sample in alcohols. Before preparing the
soluticns, the solvent was degassed with dry nitrogen and the solutions were kept
under nitrogen atmosphere and stored in the dark. Under these conditions no de-
composition was observed: the solutions tested after a week showed no change from
the initial molarity.

KRincetic methiod
The reaction R¢Sn, — I, - 2 R,Snl (1) can oniy be followed bv fast reaction
techniques. In alcoholic solutions, however, the system is complicated by the formation
of R;Sn+*1,~, and it is best to follow the above reaction in the presence of a known
amountof iodide ion{r0—*—2 < 10-11/)_ This makes the reaction slower and simplifies
handling of the complication caused by formation of the I,~ complex. Under these
conditions the equilibrium I;~ = I~ — [.(2) must be taken into account, and the most
convenient method of following reaction (1} is by determining the change in the
concentration of I,~ with time. This may be to done by a spectrophotometric method
or altermnativelv by an electrochemical method with amperometric indication of the
I,~I- reversible redox syvstem. The latter method has been emploved in this work.
The cell and apparatus have been described in previous papers'3-13, and are the same
as those used for analytical work. In Fig. 1 a typical plot obtained by this method is
shown. For a kinetic run the alcoholic iodide solution was previously degassed with
dry nitrogen and heated until the temperature had reached the desired value. An
appropriate amount of iodine was then generated electrolyvticallv at constant current
and for a known time, after which the indicator current due to the redox system I,-/I-
stabilizes 1tself at a definitive value noted by the galvanometer on the photographic
paper. This value Is represented by the horizontal line in the upper part of Fig. 1.
Practically all the lodine generated is in the form of I,-, since the equilibrium
constant of {2} is approximately 107° and [~ = 0.2 1. The initial value of the
indicator current, is therefore related to the concentration of the species I,~. The
organo compound solution (r or 2 mi} was then injected into the cell, and the kinetic
curve corresponding to the decrease of I, by interaction of the R¢Sn, compound was
obtained. It was assumed that the expertmental rate equation must be of the form
v = kons "ReSnaim I57in (3)
and the order of the reaction was determined by the method of integration and by the
differencial method!s. It was found that sz = n = 1. The resuiting %ops values are in
excellent agreement with the integrated second-order equation:
z.303 ola — z}

Bope = — 03 o 22 T A
o= Ha— b) o"a(&—x)
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Biomperomelric indicator current {uA)

co—— L L gt

Time (sec)

Fig 1. Example of a kinetic plot as obtained for reaction BySn, + I, in Methanol-o.2 I Nal at
17° {¢f. Table 1).

in which @ = "RSn.’y, b = "I,77,. As an example Table 1 lists the figures obtained
for one run, the kinetic plot of which is given in fig. 1.

TABLE 1

REACTION BugSn. + L, IN METHaNoL: 0.2 1f Nal

a = "BusSr.y = 2.3342 2 1073, b = I, 4 = 0.7124 X Io~®

Tinze ! 2303 L3 {6 —x) x {a — x) Aonst

{sec) tta—t& ¢ <103 . rod < 168 {-mole-507Y)

2472 0.5744 0.3038 0.30035 2.0276 105

320.6 0.4308 0.3341 ©.3753 1.9559 105

3120 0.3447 o.2520 0.4304 1.go33 108

403.4 0.2872 0.2343 0.4776 1.3506 109

576.8 0.2462 0.1992 0.5132 1.8221 109
¢ Average value 107 = 2.

The initial concentrations of organoditin compounds and ladine were usually
in the range 107 to 10— 1/, depending upon the rate of the reaction. The ratio @/ was
equal to 2-3. The reproducibility of Aqus was 2 2.

RESULTS AND DISCUSSION
Efject of varving iodide concentration on Rops
Table 2 shows the kqns values, as determined in methanol at 17° for three ditin

compounds, i.c., hexamethyl-, hexaethyl- and hexabutyl-, at different iodide con-
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TABLE 2

EFFZCT OF VARYING {J~] OX Rons IN METHANOL AT I7°

Comxpound Concr:. Nal Conen. NaClO, Kovs Eons T
(mole/l) (moleil) (2-mole—3-sec V)

(CH,),Sn-Sn(CH,), 0.1944 o 162 ~ 1 31.5
0.0985 0.0985 315 +~ 4 31.0
0.070% 0.1267 445 = 20 31.5
0.0563 0.1308 336 = 15 30.2
o.0422 Q.1549 756 = 10 31.9

{C.H ) ;Sn—-SniC.H,}; o0.1944 o 255 = 6 49-6
0.c9386 0.0936 502 = 6 49-5
c.0704 o.1267 695 = 490
0.0563 o.r4o8 875 = ro 49-2

(CyFlg},Sn-Sn{C H,}; 0.1943 o 107 = 2 20.8
0.0935 0.0936 213 = 3 210
0.0704% 0.1207 291 = 7 20.5
0.0555 0.1333 376 = 7 209

centrations. In all runs the total salt concentration was kept constant by adding an
appropriate amount of sodium perchlorate.

As shown in the last column of Table 2, the product Aeps “I-" is fairly constant;
if %yps 15 plotted against 1/71-", straight lines with zero intercept on the axes are
obtained.

By taking into account the kinetic equation © = %, R¢Sn, -7I.. and the

equilibrium constant A = 7I,> I~/ [, the experimental equation becomes
dllz TRgSno: T3~ RaK
= = paK 2R Rovs= 7
iz 2 = and hence Rob 7=

This last equation is consistent with the above results; since K is known, &,
may be evaluated.

Ejrest of added saits

The efiect of added salis on the rate of iodination of two of the ditin compounds
was determined by dissolving calculated amounts of salt {NaClO; or LiClO,} in the
methanol-o.1 M Nal reaction solvent. Experiments were carried out with hexamethvl-
and hexaethylditin and the resulis are shown in Table 2. It is evident that the ad-
dition of a salt has a positive effect on the reaction rate, with the increase in rate
being roughly proportional to the amount of sodium perchlorate or lithium per-
chlorate which is added.

By comparing the two first rows of Table 3 it is noted that the rate of increase
_per cent; in kops 1s difierent for the same amounts of sodium perchlorate in the case
of the two compounds under consideration (38 %, for MegSn, and 22 9, for EtSn.).
It is conciuded that the addition of salts afiects not only the activity coefficients of the
equilibrium (z), but also the specific rate of the reaction.

The large increases in kons for hexaethylditin which result from the addition of

J- Orgarometal. Chem., 5 (1966} 136149
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TABLE +

REACTION RATE CONSTANTS

G. TAGLIAVINI, S. FALESCHINI, G. PILLONI, G. PLAZZOGNA

Terep. 32°; lonic strength o.2.

Caompound Metharol Ethanol I-Propanc
Boba . Aovs Kous
(I-moie-t- Conen. Nal (2-mole—1- Concw. Nal (- mole™2-
-secY) (m=olell} Fons I~ -sec™V) (mole]l) Rons I~} -sec™V)
Me Sn, 491 o.z 9S8.2 217 0.2 434 i50
EtSn, 759 0.2 151.8 227 0.2 45.4 230
Pr,Sn, 2635 0.z 59.0 62 o.z 124 78
BugSn., 300 0.2 6r.2 94 0.2 18.8 85
Me,Se-SnPh, 132 o.0x 1.3z 38 0.01 0.35 13
Et,Sn-SnPh, 156 0.01 1.56 30 o.or 0.40 45
Ph.Sn, 1.7 o0.0! o017 0.94 o.01 0.0092 .75
(p-MeC,; i, Sn.
TABLE 5
CALCULATED RATE CONSTANTS AND RELATIVE RATE
Temp. 25°: lonie strength o.2.
Compeund Metkanol Ethazol
Eobs ky X 1073 Relative  kyns koo oromd Relatize
(I-mole~t-sec™Y) (I-mcle~Y-sec™}) rale (I-molz=t-50c~Y}  (I-moie™t-5ec™))  rate
Mc,Sn. 28z 3.7 7250 g2 9.5 6300
EtSn, 471 14.5 12000 141 9.2 6300
Pr,Sn., 73 5.5 1800 40 2.7 1800
BuSn, 192 3.9 4900 335 3.7 2460
Mz Sn-Snbh, 30 o.123 100 zo 0.0700 50
PheSn, o.78 0.00£2 4 0.33 0.0015 b

|
!
|
i
|
!
|

sodium perchlorate instead of lithium perchlorate, may be due to the fact that
lithium salts are more dissociated than sodium salts in alcoholsi?; hence the formation
of undissociated species L1l and Lil; is reduced.

Efieci of varving R group and sofvent

Table £ shows the reaction rate constants, Zeps, a5 determined for the seiected
ditin compounds reacting with iodine in alcohol-Nal solvent, at the iodide con-
centration and temperature indicated.

In this Table are also reported the sigures related to hexaphenvl-, and hexa-
p-tolvlditin, as obtained in a mixture of ethanol-benzene (50:50 vol.} in view of the
great insolubility of the latter compound in alcohols.

From the values of kons X "I~ it is apparent that the nature of the R groups
has a marked efiect upen the rate of reaction, this efiect depending aiso on the solvent
used. Onlyv in the case of 2-propanol did the three substrates hexamethyl-, hexapropyi-
and hexabutylditin show approximately the same reactivity.

The rates of reaction can be divided roughly into three groups, slow, fast and
medium, with the arvl compounds falling into the slow group, the alkyl into the fast
zroup and the two mixed ditin compounds into the medium group.

J- Orgavonetal. Chem., 5 (1966) 136-146
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2-Propanol Benzene—-Etkanol (50: 50 voll) Compound

en. Robs Conen. Kovs
r {I-mole~l- Nal {I-mole—*- concn. Nal
lell)  Rons TI7I  -sec™l) (moleil)  kovs LI~ -sec™1) (molel) Robs I3

30 a3 0.2 19 Me,Sno

30 150 0.2 30 EtSn,

15.6 100 o.2 20 Pr.Sn,

17 So 0.2 16 BugSns
t 0.43 Me,Sn—-SnPhy
t 0.45 Et,Sn-SnPhy
t 0.0075 0.38 o.ox 0.0048 PhSn,

0.28 0.0X 0.0028 {p-MeCH,)sSn,
ropanal 2-Propanal Compound
. ky x 1673 Relative  Eons ky % 1073 Relative
nole=i-see=1)  (l-wmele=-sec™l) rate (Z-nrole=t-sec™Y) (I-mole~Y-sec™l) rate
, 5.5 5300 50 2.5 2300 Me,Sn.
! 75 6Sco 85 125 3800 EtSn,
: 2. 2100 35 2.75 2500 PrSn,
2.3 2300 12 2.10 1900 Bu,Sn,

i 0.0625 56 Me Sn-SnPh,
3 0.0011 I I PheSn,

It is interesting to note that the slow and medium groups contain those sub-
strates possessingz-electrons. The slower rate of reaction seems reasonable with respect
to the increased stabilization of the tin-tin bond by the interaction between phenyl
z-electrons and d-orbital of tini-13. The order of reactivity of iodination of ditin
compounds in the examined solvents is approximately as follows:

MeSn << EtgSn, > IreSn. = BuSn. 2> Me,SnSnPh, = Et;SnSnPhy > PhSn, >
2-TolylSn,

In Table 5 are reported the Agps values obtained at 25°. The %, values, as
obtained from the known equilibrium constant A for three solvents (methanol
K = 6 3 10°%;ethanol K = 3 X 10-%and 1-propanol K = 4 X 10~3}%:1% are also listed.
The relative rates are also reported.

\With 2-propanol as solvent, the calculated values involve the approximation
that A for this solvent is roughly the same as those observed for the other alcohols.

Table 6 lists the calculated thermodynamic data: 1Hgps Tepresents the ac-
tivation energy, as derived from an Arrhenius plot of log &ops vs. I/7.

Since only the AH enthalpic value of the equilibrium (2) (8 kcal/mole)®® in

J. Orgasometal. Chem., 5 (1966) 136-146
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methanol is known the activation energyv, AH*, has been derived from AH* =
AHops — AH and the AS* values at 25° have been calculated therefrom.

TABLE6
CALCULATED THERMODYNAMIC QUANTITIES

Compounds Mzthanol
AHoans AHF AS® (25%)
(Rcaéimolic) (kcalimole) (e.u.)
Me,Sn. 13 5 —13.5
Et,Sn. 12 3 —17
P Sn, I35 3 —15.5
Bu,Sn. i3 5 —15
Me,Sn~SnPhy 13 5 —23
Pa,Sn, b 33 Io —I5
Mechanism

The main factors which might be expected to influence the reactivities of
R,Sn-SnR; compounds are {a) the varving strength of the Sn-Sn bond in relation to
the surrounding R’s groups, (b} the accessibility of d-orbitals in the valency shell of
the tin atom, and (c¢) steric, polar and solvation effects.

From the experimental data it is clearly evident that, under the experimental
conditions employed in this Investigation, the Iodination of ditin compounds is not
dependent upon a concerted attack by both I- and I- parts of the iodine molecule. In
fact, no assistance is provided bv iodide and triiodide ions in these solvents. This
seems fully consistent with the view that nucleophilic assistance in organometal
reactions can be observed only when the solvents emploved do not coordinate with,
and therefore mitigate the effect of!-?°. On the other hand the lodine molecule
must be considered as coordinated with the solvent to form the complex I,- O(HJR*.
\Vith regard to observed salt effect, this is better explained by assuming a polar
transition state than a cyclic four-center one, and hence it may be concluded that the
mntermediate:

—— —
i =8n---Sn~ |

I----

must be rejected.

sy 1)

If one assumes that the reacticn rates are dependent on the solvation state of
the lodine molecule {A's” values {mole fraction units at 25°) for the equilibrium
1. — ROH == I.ROH are £.65, 4.00, 6.23, for methanol, ethanol? and 1-propanol??
respectively}, the observed fall in the reactivity for each substrate from methanol,
ethanol, I-propanol to 2-propanol can be justified. In addition, the change in reactivity
from solvent to solvent as described above could be dependent on the variation of
iodine electrophilic strength due to the increased nucleophilicity of the alcohols used.

These effects would be expected if the reaction is a simple Sgz type electrophilic
substitution at the tin center.

Generally, as expected for an electrophilic substitution, electron-releasing
groups facilitate and electron-drawing groups hinder the reaction™®. The data obtained
for hexaphenyl- (Rops< (/~7) and hexa-p-tolvlditin (¢f. Table 4) compounds are

J- Crzanos:etal. Chem., 5 (1966) 136146
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significant and it seems likely that the mechanism of the reaction is not consistent
with an Sgz process alone. On the other hand, the fall in the reactivity of mixed ditin
compounds in respect to hexaalkylditin, as well as the similar reactivity observed for
trimethyltriphenyl- and triethyltriphenylditin do not agree with a simple process
of electrophilic substitution.

In fact electrophilic attack by iodine would preferentially occur at the tin atom
bearing the alkyl groups, and the reactivity of these compounds would be the same,
or nearly so, as for the observed in the corresponding hexaalkyl compounds.

We conclude that an intermediate of the tyvpe:

: T\Sn----Sn—:i-jg
b oor
Solv. 1 :

15-

involving pre rate-determining nucleophilic assistance at a tin center by the solvent
provides a more likely explanation of experimental findings. In fact since two centers
of the ditin molecule are involved in such a process, the order of reactivity in each
solvent, as well as the rate reduction in passing from methanol to nz-propanol as de-
scribed, could be dependent on the balance of steric and polar effects due to the R
groups attached to tin, and on the various nucleophilic strengths of the solvents used.

Nucleophilic assistance by the solvent involves a step in which a tin atom is
subject to high negative charge

6—
ASn—Sni

6".501\'.

The calculated thermodvnamic quantities :4H~ and :15+ are consistent with a
transition state in which solvation is important.

From a comparison of :1H*, -1S* and &, values for the iodination of hexaphenyl-
ditin in cyclohexane and methanol (Table 7) it is concluded that four-center transition
states may occur in different solvents. In cyvclohexane nucleophilic assistance must be

TABLE 7

COMPARISON OF DATA ON THE HENAPHENYLDITIN IODINATION

Soivent R AH . A8, Temp.  Reference
({-mole=2-sec™) (kcalfmole) RN (°C)

Cyclohexane 740 14 [} 27 :

Methanol 120 10 —I3 25 this work

due to the nucleophilic part of iodine molecule and an Sg2 cyclic transition state
results, while in nucleophilic solvents such as alcohols the assistance due to the
solvent appears in an acyvclic four-center transition state.

J- Organometal. Chem., 5 (1966} 136146
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On the other hand Boue ¢f al.® explain their results on the iodination of hexa-
butylditin in acetone, in terms of nucleophilic assistance by Bu,SnO. In our opinion,
however, a better explanation of their results takes into account nucleophilic as-
sistance by iodide ion, which should be possible in an aprotic polar solvent such as
acetone.
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SUMMARY

The rates of cleavage of selected ditin compounds by iodine have been meas-
ured in alcoholic solvents. Possible mechanisms for the cleavage are discussed. It is
concluded that an acvclic four-center intermediate, formed after attachment of
solvent in a fast preliminary step, provides the best explanation of the experimental
results.

REFERENCES

R. E. Dzssy axp F. PaULIK, Bul!l. Soc. Ckim. Frasnce, 7 (1963) 1373-

H. C. Crarx axp C. J. Wizeis, J. Am. Chem. Soc., 82 {1960) 188S.

G. AL Razevaevy, N. S, Vvazaxkixy axp Yo, I. DeErGuNov, Z4. obskch. Khin:., 30 (1960) 13I10.

D. N. Hacruz, Thesis, Cambridge 1993,

S. Boue, M. Gi=sLEx axp J. \.xsrnr.s-n Br:il. Sec. Crin:. Beiges, 73 (1964) S64.

R.H. IxcHad, S. D. RoSENBERG AND H. GILyax, Chens. Rev., (Igbo) 159 and references therein.

L. Friccoeoxy, G. PrLLoxt, G. PLAZzoGNA AND G TacrLiaviNg, J. Electreanal. Chken:., in press.

C. A. KraUS axD W. V. SessioNs, J. Am. Cazm. Soc., 47 {1925) 2301.

C. A. Kravs axp R. H. Brrrarp, J. Am. Ciaom. Sec., 48 (1920) 2131,

10 \W. P>. NEUMANN AND B. ScuxXEIDER, dngcu. Chzor, 76 (1953) Sgr.

1z M. L=sBRE ANXD J. RoUET, Bull. Sec. Cren:. Frauce, 13 {19051} 490.

12 A, WEISSBERGER ef al, Orgaric Soivents — Physical Properties and Methods of Purificaiion,
Interscience, New York, 1955. p. 333 ¢ s52q.

13 G. TagrLiaviNi, U Berrvco axo L. Riccaopoxi, Ric. Sci., 31 (961 338

T4 G. TAGLIAVINT AXD G. PLazzocNa, Ric. Sei., 32 (1962) 356.

15 G. TAGLIAVINI, Anal. Chim. Acta, in press.

16 S. GLASSTOXE, Textbock of Physical Chemistry, Mac Millan, London, 19_,6 p. 1066,

17 G. CHARLOT axD B. TrEMIrroN, Les réactions chimigues dans les solvents et Izs sels fondus,
Gauthier-Villards, Paris, 1963, p. 305, 327-

18 D. N. Hague axp K. H. PRINCE, Proc. Chem. Soc., {1962) 303.

19 M. GIELEN AND J. NASIELSKI, Bull. Soc. Chim. Belges, 71 (1962} 32.

20 R. E. Dessy, T. HIEBer axD F. Paviik, J. dn: Cirem. Sec., 86 (1954) 28.

21 P. A. D. pE MaiIxg, J. Ciem:. Phys., 26 (1957} 1992.

22 J. GRoOH, Z. Anorg. Algem. Ckem., 160 {1927} 287.

23 C. EaBory aND K. C. PaANDE, J. Chem. Soc., (1950} 1566.

O U™ O Wb~

J- Organomnelal. Chenz., 5 (1956) 136-146



