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Metalation of Alkynes. 3. Kinetics of Acetoxythallation‘ 
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The rates of T ~ ( O A C ) ~  addition to symmetrically and unsymmetrically substituted alkynes (Coctyne, 
2-heptyne, 2-nonyne, 1,4-diacetoxy-2-butyne, methyl 2-octynoate, 1-phenylpropyne, 1-phenyl-1-pentyne, 
and methyl phenylpropynoate) were measured in acetic acid. The rate law is second-order, first order in 
both alkyne and thallium acetate. Activation parameters were determined for representative substrates. 
The kinetic data are in agreement with an associative process characterized by the electrophilic attack 
of thallium acetate at the triple bond. A quantitative comparison with acetoxymercuration shows that 
thallation is a slower reaction for all the alkynes investigated. Acetoxyplumbation of the same alkynes 
does not occur. 

Mercuric acetate, thallium triacetate, and lead tetra- 
acetate are isoelectronic metal ion derivatives, widely used 
as reagents in organic synthesis. The high level of interest 
resulted in extensive literature on the use and behavior 
of these reagents and in many reviews about their reactions 
with organic substrates.2 However, comparisons of re- 
activity among these reagents are qualitative 0nly,~9~ 
whereas quantitative data are a necessary support for any 
proposed mechanism. 

Recently, we started to investigate the mechanism of the 
reaction between alkynes and mercuric acetate?% obtaining 
the first quantitative data for acetoxymercuration.6 We 
now report on a kinetic investigation of the reaction be- 
tween alkynes and thallium(II1) acetate that leads to the 
corresponding (acetoxythal1io)vinyl derivatives (eq 1). 

AcOH 
R-CrC-R’ + Tl(OAc)3 - 

R-C(OAC)=C[T~(OAC)~]R’ + 
R-C [Tl(OAc),]=C( OAc)-R’ (1) 

No product from acetoxyplumbation reaction was iso- 
lated when the same alkynes were reacted with Pb(OAc),. 

Results and Discussion 
The addition of thallium triacetate to alkynes in acetic 

acid occurs with yields from moderate to high at a tem- 
perature in the range 50-60 “C. The corresponding 
(acetoxythal1io)vinyl acetates have been isolated and 
identified. The analyses resulted in agreement with that 
of the analogous compounds previously k n o ~ n . ~ , ~  

Acetic acid was chosen as solvent, in order to allow a 
comparison with the acetoxymercuration reaction! Kinetic 
experiments were performed under pseudo-first-order 
conditions, spectrophotometrically and by gas chroma- 
tography, following the formation of the addition product 
or the disappearance of the substrate, respectively. Results 
in excellent agreement were obtained with the two meth- 
ods. The reaction was generally followed up to 80-90% 

(1) Part 2: Bassetti, M.; Floris, B. J. Chem. Soc., Perkin Tram. 2 1988, 

(2) See, for example: McKillop, A. Pure Appl .  Chem. 1975,43, 463. 

(3) Butler, R. N. Chem. Rev. 1984, 84, 249 and references therein. 
(4) Lethbridge, A.; Norman, R. 0. C.; Thomas, B. J .  Chem. SOC., 

(5) Bassetti, M.; Floris, B.; Illuminati, G. Organometallics 1985,4,617. 
(6 )  Bassetti, M.; Floris, B. J. Org. Chem. 1986, 51, 4140. 
(7) Sharma, R. K.; Fellers, N. H. J. Organomet. Chem. 1973,49, C69. 
(8) Uemura, S.; Tara, H.; Okano, M.; Ichikawa, K. Bull. Chem. SOC.  

227. 

Butler, R. N. Synth. Reagents 1981,4, 1; 1977,3, 277. 

Perkin Trans. 1 1974, 1929. 

Jpn.  1974,47, 2663. 

conversion. With slow reacting substrates, the data cor- 
responding to 50-70% of the addition reaction were con- 
sidered, since subsequent processes were affecting the 
readings (see Experimental Section). 

The acetoxythallation of alkynes follows a second-order 
rate law, f i s t  order in substrate and first order in Tl(OAc)> 
The results are summarized in Table I. Experimental data 
for a typical kinetic run are reported in Table 11. 

Alkylacetylenes were more reactive than the aryl ones, 
and diphenylethyne did not react a t  all. Electron-with- 
drawing substituents such as the methoxycarbonyl and the 
acetoxy groups decreased the reactivity (Table I, entries 
4, 5, and 8). The results are in agreement with the as- 
sumption that the electrophilic attack by a thallium(II1) 
species is the rate-determining step, in a process analogous 
to oxythallation of  alkene^.^ 

The previously obtained k2 values for the acetoxy- 
mercuration of the same substrates6 are also reported in 
Table I for comparison, along with the ratio kHg(OAc)2/ 
kT1(OAc)3 for all the investigated alkynes. The same trend 
is observed in both reactions, as it is better represented 
graphically (Figure 1). It is interesting to note that the 
ratio of reactivity increases from the least reactive alkynes 
toward the most reactive ones. Within the alkyne series, 
mercury(I1) and thallium(II1) acetates exhibit roughly the 
same selectivity (e.g. tyne/IZl.phenyl.l.pentyne = 1.2 x IO4 

results with alkenes, where it was observed that, under 
comparable conditions, Tl(II1) is more selective than Hg- 
(11) .lo 

The effect of increasing the alkyl length in arylalkyl- 
alkynes is that of lowering the reactivity in both reactions 
(kPhCGCCH /kPhC4C3H7 = 2.1 in mercuration and 3.4 in 
thallationj. This has generally been the case in the oxy- 
mercuration of alkenes and has been interpreted in terms 
of a larger role played by steric factors with respect to 
electronic ones.ll 

Activation parameters were determined for selected 
substrates, with dialkyl, aryl alkyl, and electron-with- 
drawing substituents (Table 111). Activation entropies for 
2-heptyne and 1-phenylpropyne acetoxythallation are the 
same, within experimental error. In fact, the difference 
in the reactivity of these substrates results from differences 
in activation enthalpies. The presence of electron-with- 

for mercury and 1.6 X 10 B for thallium), unlike previous 

(9) StraBHk, M. ZNaturforsch., B Anorg. Chem., Org. Chem. 1978, 

(10) McKillop, A.; Hunt, J. D.; Kienzle, K.; Bigham, E.; Taylor, E. C. 

(11) Fukuzumi, S.; Kochi, J. K. J.  Am. Chem. SOC. 1981, 103, 2783. 

33B, 224, and references therein. 

J.  Am.  Chem. SOC. 1973,95, 3635. 
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Table I. Overall Second-Order Rate Constants for the  Acetoxythallation of Alkynes at 25 "C and Comparison with 
Acetoxymercuration 

WHg- kz(Hg- 
(OAC)~) ,~  (OAc)z)/kz- 

entrv alkvne k,, M-ls-l lalkvnel method" M-1 s-l (Tl(0Ac)i) 
[Tl(OAc)d/ 

4-octyne 
2- heptyne 
2-nonyne 
1,4-diacetoxy-2-butyne 
methyl 2-octynoate 
1-phenylpropyne 
1-phenyl-1-pentyne 
methyl phenylpropynoate 

0.29 f 0.01 
0.22 f 0.01 
0.19 f 0.01 

(1.58 f 0.03) X 
(2.5 f 0.8) X 
(4.7 f 0.3) x 10-5 
(1.4 0.2) x 10-5 
(3.8 * 0.2) x 10-5 

"See Experimental Section. *Reference 6. cAt 16.1 "C. 

Table 11. Experimental Data for a Typical Kinetic Run: 
Reaction between 2-Heptyne and TI(OAC)~ in AcOH 

at 25.0 "C" 

At t ,  9 A+ t ,  s 
0.2359 
0.2458 
0.2544 
0.2619 
0.2681 
0.2735 
0.2783 
0.2822 

12 
36 
60 
84 

108 
132 
156 
180 

0.2856 
0.2889 
0.2914 
0.2938 
0.2956 
0.2974 
0.2990 
0.3005 

204 
228 
252 
276 
300 
324 
348 
362 

"[Alkyne] = 2.10 X loF3 M; [Tl(OAc)3] = 3.20 X lo-* M; A, = 
s-l; correlation coefficient = 0.9998; reac- 0.308; kobd = 6.20 X 

tion % followed = 90%; k2 = 0.19 M-'s-l. 

slope 1.16 

/ 

/ 
I I 

- 4  - 2  

Figure 1. Reactivity comparison between TI(OAc), and Hg(OA& 
in the reaction with some substituted alkynes. 

drawing groups in the alkyl chain also results in increase 
of activation enthalpy, as in 1,4-diacetoxy-2-butyne. 
Comparison of activation parameters betweeen mercura- 
tion and thallation (Table 111) for substrates common to 
both reactions shows that enthalpy is the factor producing 
the higher reactivity in mercuration. This effect is slightly 
reduced by the entropies that appear less negative in 
thallation. Negative entropies are consistent with a 
rate-determining associative process. 

In view of similarities between acetoxymercuration and 
acetoxythallation of alkynes, the nature of the cationic 
intermediate in the rate-limiting step is likely to be the 

14-15 
13 
16 
12-13 
10 
0.3-77 
12-34 
10-30 

A, B 53 
B 13.1b 
B 11.7b 

A, B 0.72 
A, B 3.9 x 10-4 

B 2.3 x 10-3 
A, B 1.1 x 10-3 
A, B 3.7 x 10-4 

183 
128' 
62 
46 
16 
49 
79 
10 

same with both reagents, probably an unsymmetrically 
bridged catione6 Bridged transition states and interme- 
diates have also been suggested in the oxythallation of 
some alkenes.12J3 

In terms of alkyne reactivity, a comparison between rate 
constants for thallation and ionization potentials (I) (Table 
IV) shows some correlation. However, the trend is opposite 
to that expected, since increasing reactivity is observed 
with increasing ionization potentials. A similar trend was 
reported for the oxythallation of internal alkenes, whereas 
terminal olefins exhibited a linear correlation with ioni- 
zation potentials, in agreement with the order of rea~tivity.~ 
We believe that looking at  such correlations can be mis- 
leading at times, since IP's correspond to the overall energy 
state of the molecule and not necessarily to the specific 
site involved in the occurring reaction. Accordingly, the 
inverse correlation observed in our case may be just ac- 
cidental. 

When 4-octyne, 2-heptyne, 1,4-diacetoxy-2-butyne, and 
1-phenylpropyne were treated with equivalent amounts of 
lead tetraacetate in acetic acid, no reaction occurred, even 
at  high temperatures (80-100 "C) and prolonged reaction 
times. 

Thus, the order of reactivity in this series of metal ion 
acetates is as follows: 

Hg(I1) > Tl(II1) >> Pb(1V) 
It is interesting to compare this trend with some prop- 

erties of the metal ions. The standard reduction potentials 
decrease from lead(1V) to mercury(I1) (Eo = 1.7, 1.25, and 
0.85 for Pb(IV), Tl(III), and Hg(I1) acetates, respectively3), 
in a direction opposite to the reactivity of the metal ions 
toward alkynes. Thus, the reaction is not charge-con- 
trolled. 

Dissociation of an acetate group leads to a species, 
M+(OAc),-l, which should be more reactive than the 
neutral compound in the electrophilic attack to the triple 
bond. In fact, the values of &issociation increase with the 
increasing reactivity of the metal ion (Kdiss&tion in AcOH 
= 3.75 X for Hg(OAc)*, 1.38 X for Tl(OAc),, and 
negligible for P ~ ( O A C ) ~ ~ ) .  However, the values are very 
small, so that other factors should be taken in account. 
Moreover, quantitative studies on the ring-opening reac- 
tions of cyclopropanes in AcOH showed that the electro- 
philic reagents are the neutral covalent species M(OAc), 
rather than cationic M+(OAC), -~ .~~J~ 

(12) StraEiPk, M.; Majer, J. Collect. Czech. Chem. Commun. 1982,47, 

(13) Strailk, M.; Hruiovskg, M. J.  Org. Chem. 1977, 42, 685. 
(14) Bachiri, M.; Mouvier, G.; Carlier, P.; Dubois, J. E. J. Chim. Phys. 

(15) Elbel, S.; Lienert, K.; Krebs, K.; tom Dieck, H. Liebigs Ann. 

(16) Andrews, L.; Kelsall, B. J.; Harvey, J. A. J. Chem. Phys. 1982, 77, 

(17) South, A., Jr.; Ouellette, R. J. J. Am. Chem. SOC. 1968,90, 7064. 

570. 

Phys.-Chim. Biol. 1980, 77, 899. 

Chem. 1981, 1785. 

2235. 
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Kinetics of Acetorythallation Organometallics, Vol. 7, No. 3, 1988 627 

Table 111. Activation Parameters for the Acetoxythallation of Some Alkynes and Comparison with Acetoxymercuration" 
alkyne AH*, kcal/mol AS*, eu range of temp, OC A H * w . [ ~ ~ ~ , ~ ,  kcal/mol AS*,.,,,,,,, eu 

CH3C=C(CH2)3CH3 10.1 f 0.8 -(28 f 2.7) 16.1-56.1 
AcOCH2C=CCH20Ac 14.9 f 0.4 -(17 f 1.2) 16.1-56.1 8.8 f 0.6 -(30 f 1.8)* 
PhC=CCHB 15.1 i 0.5 -(27.5 f 0.2) 25.0-68.0 11.5 i 0.4' 4 3 3  f 2 ) C  

Correlation coefficients 0.993-0.999. Range of temperature 16.8-56.2 "C. Reference 6. 

Table IV. Reactivity of Alkyne Acetoxythallation 
Compared with Ionization Potentials 

entry alkyne log k2  I, eV 

2 2-heptyne -0.66 9.323" 
3 2-nonyne -0.72 9.293* 

8 1-phenyl-1-pentyne -4.85 8.37' 

"Reference 14. Calculated according to ref 14. Reference 15. 

The first event of the reaction process is probably dis- 
placement by the alkyne of a solvent molecule in the metal 
coordination sphere, followed by formation of a reactive 
cationic intermediate with release of an acetate group from 
the metal. On going from Hg(I1) to Pb(IV), the coordi- 
nation sphere of the metal is increasingly more populated 
by acetate groups than by solvent molecules. Therefore, 
it is progressively more difficult for a neutral unsaturated 
species to reach the metal ion at a suitable distance for a 
reactive interaction to occur. However, it can be doubtful 
whether the observed order of reactivity depends on such 
differences in coordination. In fact, these reagents have 
been found to undergo very fast exchange with the sol- 
vent,, acetate groups moving rapidly between the coor- 
dination sphere and the medium. During this exchange, 
alkyne molecules might come in contact with a reactive 
ionic species, whether it is from mercury(II), thallium(III), 
or lead(1V). Therefore, the difference in reactivity, must 
depend more intrinsically on the nature of the metal ion. 

It is quite remarkable that the observed rates of addition 
to alkynes vary accordingly to the energies of the empty 
frontier orbitals, as calculated by Klopman for the metal 
ions in aqueous  solution^.^^ In fact, the reagents are soft 
electrophiles, with softness decreasing and LUMO in- 
creasing from Hg(I1) to Pb(1V) (-4.64 eV for Hg(I1) and 
-3.37 eV for Tl(II1)). 

In qualitative terms, the reactivity seems to depend on 
the distance between the HOMO of the nucleophilic alkyne 
and the LUMO of the metal. The gap increases from 
mercury to thallium and is too large in the case of lead, 
so that the addition reaction is totally prevented. 

It is interesting to compare our results with those re- 
ported by StraBBk and Majer for the oxythallation of al- 
kenes.20 These authors found a good linear relationship 
between the logarithms of the reaction rate for a series of 
alkenes and the inverse of the LUMO-HOMO gap. The 
substrate selectivity, represented by p* and decreasing in 
the order C1' > Br+ > Hg2+ > T13+ > Ag+, for the corre- 
sponding electrophilic additions to alkenes, was also ex- 
plained in terms of orbital interaction effects. Kinetic 
studies on the electrophilic aromatic substitution of 
benzene and toluene by mercury(I1) and thallium(II1) 
trifluoroacetates showed the mercury salt to be more re- 
active by the same order of magnitude we observed for the 
reaction toward alkynes.21 

1 4-octyne -0.54 9.196" 

7 1-phenylpropyne -4.33 8.47'~~ 

Reference 16. 

On the other hand, an inverse order of reactivity was 
observed for the ring opening of cyclopropanes; i.e., Tl(0- 
Ac), > H ~ ( O A C ) ~ . ~ '  Although a HOMO-LUMO interac- 
tion between a carbon-carbon bond of cyclopropane and 
the metal ion is still possible, the reactive process may 
involve either corner or edge attack by the electrophile and 
have different energy requirements than in the attack on 
unsaturated systems. The data were explained in terms 
of charge control of the reaction, according to the decrease 
of reduction potentials from TP+ to Hg2+. 

Therefore, there is evidence of significant orbital control 
in the interaction between these metal ions and unsatu- 
rated systems. 

Experimental Section 
Gas chromatographic analyses have been carried out with a 

Hewlett-Packard Model 5890A apparatus equipped with a 1.5 m 
2% OV 101 Chromosorb GAW-DMCS column. 'H NMR spectra 
have been recorded on a Bruker WP-80 and a Varian EM-360 
spectrometer with CDC13 as solvent and Me,Si as the internal 
standard. 

Spectrophotometric measurements have been performed with 
thermostated Cary 219 and Varian DMS 90 spectrophotometers. 

Microanalyses were obtained from Microanalysis Service of the 
CNR "Area di Ricerca" (Montelibretti, Roma). 

Materials. 4-0ctyne, diphenylethyne, thallium triacetate, lead 
tetraacetate, and acetic acid were commercially available reagent 
grade products and were used without further purification. 

l-Phenylpropyne,22 l - p h e n ~ l - l - p e n t y n e , ~ ~  methyl phenyl- 
propynoate, methyl 2-0ctynoate, and 1,4-diacetoxy-2-butynex were 
prepared according to literature methods or to an appropriate 
modification. All the synthesized alkynes were purified by dis- 
tillation and checked for purity by gas chromatography (298%). 

Product Analysis. Acetoxythallation products were isolated 
according to the  literature,'^^ by adding thallium triacetate in 
AcOH to an equivalent amount of the alkyne in the same solvent, 
a t  a temperature in the range 50-65 "C, depending on the sub- 
strate. After a reaction time ranging between 5 and 24 h, the 
solvent was removed under vacuum without overheating; the 
residue was treated with CH2C1, to dissolve the organometallic 
products, and unreacted T1(OAcI3 was separated by filtration. 
The resulting solution was evaporated in vacuum leaving a sticky 
oil that was washed with hexane to remove unreacted alkyne or 
demetalated byproducts. Yields ranged between 47 and 87%. 
Crude reaction products were crystallized from boiling hexane 
to give white or yellow powders, which were characterized by lH 
NMR. Elemental analyses of stable compounds are in excellent 
agreement with calculated values. 

'H NMR spectra of previously known compounds were identical 
with those reported. Acetoxythallation products from the other 
alkynes gave spectra from which assignments of structure were 
made according to the values of J(,05T1-H) coupling constants, 
as reported in the  literature.'^' The data are as follows. 

From 4-Octyne. IH N M R  b 0.91 (t, JH-H = 7 Hz, 6 H, CH3), 
1.4-1.8 (m, 4 H, CH2CH2CH3), 2.05 (s, 6 H, Tl(OAc),), 2.12 (s, 
3 H, OAC), 2.2 (d o f t ,  J H - H  = 7 Hz, JT1-H = 148 Hz, 2 H, 
CH2C=CTl(OAC)2), 2.34 (d o f t ,  JH-H = 7 Hz, JT1-H = 1315 Hz, 
2 H, C=CCH,[Tl(OAc),]). The data are in agreement with the 
structure resulting from the product of anti addition: (E)- 
CH3CH2CH2(AcO)C=C [ T ~ ( O A C ) ~ ] C H ~ C H ~ C H ~  Anal. Calcd for 

(18) Ouellette, R. J.; Robins, R. D.; South, A., Jr. J. Am. Chem. SOC. 

(19) Klopman, G. J .  Am.  Chem. SOC. 1968,90, 223. 
(20) Strailk, M.; Majer, J. Chem. Zuesti 1981, 35, 797. 
(21) Roberts, R. M. G. Tetrahedron 1980, 36, 3281. 

1968, 90, 1619. 
(22) Dewar, M. J. S.; Fahey, R. C .  J .  Am. Chem. SOC. 1963,85, 3645. 
(23) Johnson, J. R.; Schwartz, A. M.; Jacobs, Th. L. J.  Am. Chem. SOC. 

(24) Levina, R. Ya; Shabarov, Yu. V. S. Vestn. Mosk. Uniu., Ser. 
1938, 60, 1882. 

Fiz.-Mat. Es te sh .  Nauk 1956, 4 ,  61; Chem. Abstr. 1957, 51, 7299. 
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Cl4HBOBT1: C, 34.20; H, 4.71. Found C, 33.72; H, 4.68. Melting 
point: 105-109 "C. 

From 2-Heptyne. 'H N M R  6 0.88 (m, 3 H, CH3), 1.3 (m, 4 

br s, JT1-H = 989 Hz, 3 H, C=C(CH,)Tl(OAc),), 3.1 (left-hand 
triplet of a doublet approximately centered around 6 2.2; right- 
hand peak buried under the multiplet due to (CH,),; JH-H = 7 
Hz, JT1-H = 130-140 Hz, CH,C=CTl(OAc)z). Data are in 
agreement with the structure of (E)-(ACO)~T~(CH,)C=C- 
(OAc)(CH2),CH, as the main reaction product. Anal. Calcd for 
C13H2106T1: C, 32.69; H, 4.43. Found: C, 32.55; H, 4.54. 

From 2-Nonyne. 'H NMR: 6 0.89 (m, 3 H, CH,), 1.3 (m, 8 

br s, JT1-H = 979 Hz, 3 H, C=C(CH,)Tl(OAc),), 3.1 (left-hand 
broad peak of a doublet approximately centered around 6 2.2; 
right-hand peak buried under the multiplet due to CH2 groups; 
J T - H  = 130-140 Hz, CH2C=CTl(OAc)2). Data are in agreement 
with the structure of (E)-(ACO)~T~(CH,)C=C(OAC)(CH~)~CH~ 
as the main reaction product. Anal. Calcd for C15Hzs06T1: C, 
35.62; H, 4.98. Found: C, 35.81; H, 5.02. Melting point: 88-93 
"C. 

From 1,4-Diacetoxy-$-butyne. The oil obtained from the 
workup gave the following 'H NMR spectrum (CDCl,): 6 2.00 

H, (CH,),), 2.02 (8 ,  6 H, Tl(OAc)z), 2.13 (8, 3 H, OAC), 1.93 (d of 

H, (CHz)d), 2.06 (9, 6 H, Tl(OAc)Z), 2.25 (9, 3 H, OAC), 1.98 (d of 

(e, 3 H, CH3CO&HZCHz), 2.13 (s, 3 H, CH&OzCHZCO), 2.73 (t, 
J H - H  = 6.3 Hz, 2 H, CH3CO&H,CHz), 4.32 (t, JH-H = 6.2 Hz, 2 
H, CH3COzCHzCH2), 4.64 (s, 2 H, CH3COzCH2CO). These data 
are consistent with the following structure: CH3CO2CH2COC- 
HzCH20COCH3 The product (85 mg, 90% yield) was obtained 
from 80 mg of alkyne (0.47 mmol) and 210 mg (0.55 mmol) of 
Tl(OAc),. Ketones and other oxidation products are known to 
be obtained from demetalation of vinylthallium compounds? The 
adduct from 1,4-diacetoxy-2-butye is therefore less stable than 
the adducts from the other alkynes and undergoes fast demeta- 
lation and rearrangements in the reaction conditions and during 
workup. 

From Methyl 2-Octynoate. lH NMR (CDCI,): 6 0.85 (m, 
3 H, CH,), 1.2 (m, 6 H, (CHz)3), 2.02 and 2.03 (two I, Tl(OAc),), 
2.10 and 2.20 (two s, OAc), 3.70 (6, 3 H, COzCH3), 2.03 (d o f t ,  

intensity, J H - H  = 6.5 Hz). The spectrum is consistent with the 
presence of a t  least two adducts. The material obtained from 
the workup was an oil, and crystallizations attempted in order 
to separate the adducts were not successful. Anal. Calcd for 
Cl5Hz3O8T1: C, 33.63; H, 4.33. Found: C, 33.46; H, 4.38. 

From Methyl Phenylpropynoate. 'H NMR (CDCl,): 6 2.03 
(s, 6 H, Tl(OAc),), 2.24, 2.35 and 2.39 (three s, 3 H, OAc), 3.75, 
3.79, 4.00 (three s, 3 H, C02CH3), 7.3-8.1 (complex signal, 5 H, 
aromatic protons). The spectrum of the white powder obtained 
shows the presence of three main products of addition. 

Kinetic Measurements. Kinetic experiments have been 
carried out under pseudo-first-order conditions, with different 
methods. 

(A) Known quantities in acetic acid of excess Tl(OAc),, the 
alkyne, and the appropriate internal standard were mixed in a 
thermostated reaction vessel. Samples (0.5 mL) of the reaction 
mixture were taken with a syringe a t  known times and added to 
5 mL of water and 1 mL of CC1, in a separatory funnel. The 
organic phase was examined a t  the gas chromatograph imme- 
diately after separating and drying with anhydrous Na$04. Blank 
experiments confirmed the reliability of the method. Linear 
alkanes of high purity, from Cll to Cl8 were used as internal 
standards. The disappearance of the substrate was followed with 
time, thallated species being not detectable by gas chromatog- 
raphy. 

(B) Solutions a t  known concentration of the reactants were 
separately put in a silica cell with septum, allowed to reach 25 
"C in the thermostated cell compartment of the spectrophotom- 

JH-H 7 7 Hz, JT1-H = 75 Hz, CH2C=CTl(OAc)Z), 5.01 (t of low 
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eter, and mixed. The absorbance increase due to the formation 
of the product was followed with time at the appropriate wave- 
length. When infinity time absorbance was not available, due 
to the occurrence of subsequent reactions, the value was ex- 
trapolated, according to the Mangelsdorf s method.25 

The title of Tl(OAc), solutions was checked by titration with 
standardized NazSz03.26 

The data are reported in Table I as overall second-order rate 
constants. They are mean values of several runs carried out under 
conditions specified as follows (wavelengths and fractions of the 
reaction followed are given in parentheses). 

4-Octyne: C3H7C=CC3H7, 2.20 X lo-, to 4.16 X lo-, M; T1- 
(OAc),, 2.30 X to 5.78 X M (310 nm, 5740%).  

2-Heptyne: CH3(CHZ),CdCH3, 2.60 X lo-, M; Tl(OAc),, 3.30 
X 10-'M (310 nm, 66-90%). 

2-Nonyne: CH3(CH&,CdCH3, 2.10 X lo-, M; Tl(OAc),, 3.30 
X lo-, M (312 nm, 88-90%). 

1,4-Diacetoxy-2-butyne: AcOCH2C=CCH20Ac, 1.70 X lo9 
to 3.94 X lo-, M, Tl(OAc),, 3.30 X lo-, to 5.12 X M (325 nm, 

Methyl 2-octynoate: C6Hl1C=CCO2CH,, 2.24 X lo-, to 5.44 
X M; Tl(OAc),, 2.79 X to 5.12 X M (296, 325 nm, 
88%). 

I-Phenylpropyne: PhC=CCH,, 1.12 X lo-, to 3.00 X IO-, M 
Tl(OAc),, 3.15 X to 4.19 X lo-, M (310,325,328 nm, 56-72%). 

1-Phenyl-I-pentyne: PhC=CC3H7, 1.90 X lW3 to 2.84 X lo-, 
M; Tl(OAc),, 3.15 X M (310, 325, 328 nm, 

Methyl phenylpropynoate: PhC=CCO,CH,, 1.75 X lo-, to 
M; Tl(OAc),, 2.33 X loW2 to 5.16 X lo-, M (310, 325 

7145%).  

to 5.12 X 
56-98% ). 

4.62 X 
nm, 56-61%). 

Values for a typical run are given in Table 11. 
Activation Parameters. The rate measurements a t  various 

temperatures were duplicated. Good Arrhenius plots were ob- 
tained in all cases. The related data, in addition to the rate 
coefficients in Table I, are as follows (temperatures are given in 
parentheses). 

2-Heptyne: CH,(CH,),C=CCH,, 2.60 X lo-, M Tl(OAc),, 3.30 
X M; k, (M-l s-') = 0.102 (16.1 "C), 0.51 (40.0 "C), 0.95 (56.1 
"C). 

1,4-Diacetoxy-2-butyne: AcOCHzC=CCH20Ac, 1.70 X lo-, 
M; Tl(OAc),, 3.30 X lo-, M; kz (M-l s-l) = 6.3 X lo-, (16.1 "C), 
5.0 X (40.0 "C), 0.20 (56.1 "C); AcOCH2C=CCH,0Ac, 2.40 
X M; Hg(OA&, 3.26 X M; kz (M-I s-*) = 0.39 (16.8 "C), 
1.24 (38.4 "C), 2.91 (56.2 "C). 

M; 
Tl(OAc),, 1.30 X lo-, to 3.30 X 
(40.0 "C), 1.7 X lo-, (67.5 "C). 

I-Phenylpropyne: P h C e C H , ,  4.30 X lo4 to 4.40 X 
M; kz (M-l s-l) = 1.8 X 

The results are reported in Table 111. 
Reaction with Pb(OAc),. Lead tetraacetate in acetic acid 

was added under nitrogen to equivalent amounts of alkynes (4- 
octyne, 1-phenylpropyne, 2-heptyne, and 1,4-diacetoxy-2-butyne) 
and heated at 80-100 OC for 48-96 h. After workup as described 
for acetoxythallation, no acetoxyplumbation product was isolated. 
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