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INTRODUCTION

Electrophilic substitution at a saturated carbon centre using tetraorganolead
substrates has been recently examined by several authors! ~ 3. Our previous results®
on the reactivity of R4Pb compounds (R =Me, Et and Pr) with iodine in alcoholic
solvents and acetonitrile indicated that solvation at the transition state could be a
very important factor in determining the reactivity in such polar media.

The nature of the solvent seems to be of importance generally in organometal
substitutions : the assistance of anionic species in the acetolysis of tributyltin hydride
has been noted by Dessy et al.%, who worked in DMSO or DMSO/diglyme solvents,
but such an effect is not found in methanol’. In organometallic substitutions there are
several examples® in which the metal centre may be subject to nucleophilic assistance,
and this is sometimes of importance in establishing the course of the electrophilic
attack.

The present paper deals with the examination of the effects produced by
nucleophilic solvents on the mechanistic pathway S;2 found for the reaction between
iodine and tetraorganoleads in carbon tetrachloride. The possible assistance by
I™ or I3 species in acetone and acetonitrile is also discussed.

EXPERIMENTAL

Chemicals, reagents and procedure

Tetraorganoleads were prepared and purified as previously described®. All the
solvents used were purified as described in the literature®. Anhydrous salts and re-
sublimated iodine were used.

Reactions of R4Pb compounds with iodine were followed spectrophoto-
metrically!® under pseudo first-order conditions (excess of R ,Pb). The absorbance
(of I at 4., 513 muin CCl,, 297 mu in benzene and of 15 at 4_,, 360 myu in acetone)
against time was recorded by means of a UNICAM SP 800 Spectrophotometer
(Cambridge, England) supplied with SP 820 Control Unit and SP 825 Programme
Controller accessories suitable for kinetic work. Values of k,,,,, (I'mole ™ :sec™ ') are
subject to +1.5Y9, experimental error.

* Ricercatore Incaricato C.N.R.
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RESULTS

The second order rate constants k,(I-mole™ ! -sec™ ') for the reaction of iodine
with the tetraorganolead compounds in carbon tetrachloride and benzene are listed
in Table 1. The resuits concerning the reactions carried out in acetone are summarized
in Table 2.

TABLE |

IDINE CLEAVAGE OF TETRAALKYLLEADS IN CARNON TETRACHLORIDE AT 317 AND BENZENE AT 35°
Kinctic constants k; in |-mole™!-sec™ .

Compound k :

Ccl, c,,H,,
Me,Pb 00355 19
E1.Pb 1.08 228
pr. Ph 043 7.1

TABLE 2

IODINE C1LEAVAGE OF TETRAALKYLLEADS IN AUETONE AT 35
[Nul]-&-[N-n( IO‘j =01, [l ] 5x 10 *; kinctic constants k,,,,, and k, in I'mole 'see” !

N.ll k,,,,, K ot (Nu]] A,,,,_ [l ] k,vku.,‘ [l ] K
conce, x 107 x 10*
» 10! fmnlr: l)

! Cirmy rlnllmul

2 028 0560 0443 (443)
[ 0.20 0600 0439 {439)
i) 16 1.640 439 (439)
5 013 0.650 0422 (422)
Tetrsseshivilvad

2 0.105 0210 0.166 (166}
f 0074 0222 0.163 (163}
4 0060 0240 0.164 {164}

& Q050 0.250 0.162 (I(v )

* O assuming K = 107,

In this solvent it is necessary to work in the presence of excess of iodine ions,
as ucetone reacts with iodine. Under such conditions the observed rate law v=4,,.-
{R,Pb]-[I; ] may involve the three simultancous mechanisms®

f-’| = k‘ '[Rapb]'[l:‘-], ”1 =kz'[R4Pb]'[lz] Hnd D3 = k3'[R4ph]'[! _]'[]z].
fram which the following equation results:
knhal[l‘*]mk]fl('*'(kl"-k.l/x)'[l#] “)

where K represents the stability constant of the equilibrium 17 4 1,#215 in acetone.
From Table 2 it appears that the product k., [ Nul] is not constant for varying
Mal concentration, On the other hand if partial dissociation of NaJ in acetone is taken

4. Creganametal. Chem,, 11 {1908) $57-5602
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into account by use of the value K, =6x 10" at 35°, as deduced from reported
values'' = ' the k,,.'[I~] product appears to be fairly constant.

In addition the k, values have been calculated by assuming that the value of K
inacetoneisnot greaterthan5 x 10°to 1 x 10®at 35°,asindicated by our measurements.
Table 3 lists the k , values for acetone together with those obtained in a previous work®
on various alcohols and acetonitrile.

TABLE 3

HHIINE CLEAVAGE OF TETRAALKYLLEADS IN POLAR SOLVENTS

Kinetic constants ky in I-mole '-sec™ ',

(‘ompouﬁd " Acetone » n-Probz}nol " Ethanal  Methanol © Acetonitrile
(357) (25°) (259 (257) (257)

Me,Pb (436) 1.610 2800 9410 241,000

Et,Pb (164) 730 1.330 3660 93000

Pr,Pb 100 200 1.26Q 20000

TABLE 4

FEFECT ON RATE BY ADDING POLAR SOLVERTS TO U
Me,Ph+ 1, at 317 [Me Ph)=2x 10 2 [1,]=1x 10 Y conensim moke Dx 1070 A i Fmoke ' sec

Added solvent (Sv) 1o CCly

Methanol Ethanol n-Propanol Acctantinic

Conen. By Conen. k. Conen. [ Coren A
1.66 0.054 227 0.070 1.74 0054 R SRR
RIRA] 0.1t 140 12 2.03 G070 int 070
500 0.20 4.53 0.18 150 (AR S (% 120
6.00 0.28 5,07 0.26 4.38 015 0.3% .74

6.07 0.34 6.80 0.36 8.25 0.20 70l 2o

The effect of the addition of polar solvents to CCly on the reaction rate for
tetramethyllead has been examined at 31° (cf. Table 4). The value of k3, is lincarly
related to the square concentration of the added solvent as shown in Fig. 1. The least
squares method gives intercept values for {Sv] =0 of 0.0335; 0.0361: 0.0356 and
0.0554 for Sv=methanol, cthanol, propanol and acctonitrile respectively. The i,
value for CCl, (¢f. Table 1) at the same temperature is 0.0355 which agrees with the

above values.

IDISCUSSION

Our previous paper® pointed oul, in agreement with carly reports of Belgian
authors on lead? and tin alkyls'? '*. that iodine cleavage of tetraorganoleads
proceeds via two different mechanisms, namely S;:2 and S¢2, 1n non-polar and polar
solvents respectively. Nevertheless, whereas in non-polar solvents an 5.2 mechanism
is quite acceptabie, in polar solvents an interpretation of the mechanism in terms of
an S;.2 reaction may be arbitrary in view of the fact that nucicophilic assistance in the
reaction may occur.

J. Organomerad, Chen 1) (T9OK) 337 562
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Fig. 1. Effect on &, for the reaction of iodine with Me,Pb in CCl, by adding known amounts of polar
solvents.

From the results for the two non-polar solvents used, it appears that the values
of k, are greater in benzene than in CCly. This might arise from polarization of iodine
molecules in benzene as a result of formation of the species 1,-C,H,, *7'5,

From the results in polar solvents, particularly those referring to tetra-
methyliead in acetonitrile (¢f. Table 5) and those for methyl and ethyl substrates in
acetone {cf. Table 2) it appeass that the product &, [I ] is fairly constant within the
limit of experimental crror. This shows that the term (k, +4&,/K)-[17] of egn. (1)
contributes to the total rate to a smaller extent than k,/K and consequently we can
conclude that the species I~ and Iy can not play an important role in such solvents.
This conclusion does not agree with that recently reached by other authors®, who
stated that 1~ species in acetone as well as in acetonitrile can be important in providing
nucleophilic assistance in such media. Furthermore itdoes not agree with the statement

TABLYE 5

EITEC) ON RATE FOR TETRAMETHYLLEAD IN ACETONITRILE AT 257 BY VAPYING TIHE | CONCENTRATION?
[Nal} + [NaCl10O,}=0,194

[an]m ““] knm kﬂhl[ij]
{t-mole ' -scc™ )

D429 047 00136

0043 033 0.014¢
oo 015 00845
*Cf el 5.

4. Grgunometal. Chem,, 11 (1908) §57-562
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that Iy species in acetonitrile may either (a) provide “nucleophilic assistance™ (b) carry
out attack on carbon., or (c¢) facilitate reaction through a four-centre mechanism. In
particular, their conclusion that I~ species in acetone assists the reaction seems to be
incorrect. because if the partial dissociation of Nal is taken into consideration, eqn. (1)
reduces to

kohs'[l“] = kZ/K

The results in alcohols (¢f. Table 3 and rel, 5) further confirm that both I~ and
I3 species do not participate to the reaction in these media.

From other reports? and from our results (¢f. Table 4} it seems that the reactions
can be assisted by participation of solvent in a pre-determining step. This is consistent
with the observed decrease in the reactivity with increasing length of the alkyl groups
(¢f. Table 3). This can be interpreted by assuming that the assisting solvent coordinates
to a lead centre, the acceptor properties of which are related to the R alky! groups
bonded to it. The +1 inductive effect of the R groups increases with increasing
chain-length in R, and so coordination of the solvent to the lead centre becomes less
important as the chain-length increases, because of inductive as well as steric effects.
These conclusions are in agreement with the results obtained'® in the iodine cleavage
ol unsymmetrical organotin compounds of the type R ,SnMe, for which the rates in
methanol decrease in the order R =Et, Pr. Bu and iso-Pr, although the only leaving
group R ,Sn~ is responsible for steric or inductive effects and the polarity of the bond
R,Sn-Me increases with increasing R.

The above mentioned conclusions on the influence of the solvents on the mech-
anism of electrophilic substitution are consistent with the increase in the rate of
reaction in CCl, when amounts of polar solvents are added to it (¢f. Table 4). We
must note that the greater effect of acetonitrile on A3}, compared with the effects of the
three alcohols, cannot depend on a different polarization of the iodine molecules by
the solvents. In fact, il the wave lengths of maximum absorbance® for the complex
I,:Svin CCl, (Sv=ROH, MeCN:; 4., 440 and 456 my respectively) are taken as a
measure of this polarization'?, it appears that iodine is more polarized in alcohols
than in acetonitrile. The diflerent effects of vartous solvents can be interpreted as being
due mainly to the importance of the solvent molecules around the metal centre.

With regard to the linear relationship between the &3y, ind the square concen-
tration of the employed solvents in our opinion the data are not sufficient to supply a
satisfactory explanation : in order to provide evidence lor an incipient pentacoordinat-
ed trialkyllead ion R ;PbSv; it would be of interest to gain additional knowledge by
using non-kinetic technigucs.
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SUMMARY

The reaction of iodine with tetraorganolead compounds, R, Pb (= Me, Et and
Pr) has been examined in several solvents.

J. Orgunonetal. Chem 11 E6E) 587 562
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The effect on the rate of the addition of polar solvents to carbon tetrachlonde
; e case of tetramethyllead

‘ nce of nucleophlhc assistance by coordination of polar solvent to the
lwd ccntre proposed ‘Assistance by I~ or I species in acetone and acetonitrile
has not' been found.
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