Tetrahedron Letters No. 10, pp. 651-653, 1963. Pergamon Press Ltd.
Printed in Great Britain.

HOMOGENEOUS GATALYSIS IN THE
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In eommection with a detailed study of the role of mercury in the
well-knowm mercury salt-acid catalysed hydration of acetylenes, it was
necessary to survey the effect of the relative amourts of acid, mercurie
salt, substrate and water on the sourse of ithe reaction. These studies,
reported here im part, have yielded some unexpected results wvhich are of
mechanistic and synthetic interest.

Under consideration was the conversion ef phenylacetyleme to aceto-
phencne. Im general, the reaction was accomplished by pipetiing 5.00 ml.
of a dioxame solutiom or mercuric pereblorate which contained various
amounts of water and perchlerie acid inte 5.00 ml, of & dioxame selutiom
of phenylacetyleme.

P-ORC-N + N0 _ Se-dlozane n—g-cn,
BC10,~Ng(C10,)

In those runs desigmed to explere the effect of acid and water
conoentrations, the reactant concentrations were 0,05 M phenylacetyleme
(0+5 mmoles), 0.05 M mercuric perchlerate (0.5 mmoles), from 0.25 to 1.0 M
perchleric aeid (2.5-10 mmoles) and from 0.8 to 11,5 M water (8-115 mmoles).
The character of the reaction varied depending upcm the (H,0)/(HC10;) ratie.
At relatively low raties, i.e., 3=4, the reaction solution became instan-
taneously bright yellow, then gradually the color decayed to a pale yellow.

651



652 The hydration ot acetylenes No.1l0

At higher ratios, i.e., 4~10, the coloration wvas accompanlied by the gradual
formation of smell amounts of a finely divided black precipitate whiech, in
certain instances, could be redissolved by shaking, If the eoncentratiom of
water exceeded the concentration of aeid by a faetor of 8-10 or greater, am
immediate white precipitate appeared on mixing and a greatly diminighed yel-
low coloration was observed. Durimg the course of the reaction this white
precipitate dissolved yielding a pale yellow homogeneoms solution,!

A series o determinations was made over the previocusly indicated range
of water concentrations and at perehloric acid concemtrations of 0.25 M, 0,5 ¥
and 1.0 M, Plots of per ecemt yleld versus water concentration for each series
of reactions are shown in Fig. 1.

Yields in systems employing relatively lew water concentrations were
quite reproducible. For the system 0.05 M in phenylacetylene, 0.05 M in
mercuric perchlorate, 0.5 M in perchlorie acld and 1,41 M in water, five
geparate runs utilising different steck solutloms of phenylacetylene, dif-
ferent catalyst solutions which had been allowed to equilibrate for varyimg
amounts of time and work-up procedures which differed in the smount of time
lapsing between the quenching of the reaction and the actual work-up pro~
dused the following results: per eent yleld (age of catalyst solutiom),

54 (2.5 hrs.)y 51le4 (16 hrss)s 55.7 (24 krs.); 52.4 (60 hrs.). In hetero-
geneous reactions individual yields eould mot be reproduced readily; mnever-
theless, as the water eoncentration was gradually increased an ummistakable

It appears significant that the mercuric perchlorate solutions whiech re~
sulted in the clean reactions consistently showed ultraviolet absorption maxima
at somevhat lomger wave lengiths and with imcreased intemsity compared to those
eatalyst solutioms of higher water comtents )\ m (), 246~247 (8400) im ai-
oxane/2.82 N water/1.0 M perchloric aeldy 239-343 (3150) in dioxane/6.0 M water/
1.0 M perchloric acid. Apparently the state of solvation of the mercuric iom as
indicated by its ultraviolet absorption spectrum is am important factor ia the
reactien.

Al1] reactions wers allowed to proceed 45.0 mimutes at 22°, quenched with
200 ml. of wvater which comtained sufficient sodium hydroxide to neutralize the
perehlorie acid, filtered, extracted with earbon tetrachloride and analysed gas
shromatographically utilizing 2-octanome as an intermal standard,
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654, The hydration of acetylenes No.10

pattern was establigshed: £irst a gradual inecrease in yield followed by a
tailing off at higher water levels.

The homogeneous reaction described above was selected for more detailed
study. Progressive shortenling of the reaction time in this system led to
the conclusion that the final composition of the reaction solution was
rapidly established: per cent yleld (reaction time), 59 (20 hrs.); 53.8
(4540 min.s av. of four determinations); 50.2 (20.0 min.)j 49.4 (15.0
®min.); 5062 (10,0 min.); 45.8 (5.0 miny)s 42 (2.0 min.).

The effect of progressively increasing the concentration of phenyl-
acetylene on thé concentration of acetophenmone (usually takem as that pro-
duced in 45.0 min.; in most cases separate runs allowed to proceed for
2/, hrs. produced ylelds within a few per cemt) in this system is shown in
Fig. 2. The concentration of acetophenone increases sharply, then appears
to level off at ~ 0,05 M, Additional experiments in this series were not
undertaken because of the occurrence of a heterogeneous system at phenyl=-
acetylene to mercurie ion ratios greater than two. A steadily intensifying
yellow coloratlon was observed in the reaction solution as the phenylacety-

lene to mercuric ion ratio was increased.

These resulis suggested that the first step im the hydration reaction
is the reversible formation of a 1:1 coordination complex between phenyl-
aeotylene and mercuris ion? which is reaponsible for the yellow eoloration
and which is subsequently attacked by water. Increasing a reactant concen=

tration would imerease the equilibrium concentration of this species and

2(a) H, Lomaire and H. J. Lucas, J. Am. Chey. Sog. 2, 939 (1955),
have presented evidence for a 3-hexyne-acetoxymereuric ion complex as an
intermediate im the merouric acetate-perchloric acid catalyzed addition
of acetic acld to 3-hexyme in glacial acetic aeid; (b) R. L. Adelman, J.
Org, Chem. 1057 (1949), has suggested an aceylene-mercuric sulfate com=
plex as an intermediate in the mereuric sulfate catalyzed vinyl acetate~eqr—
boxylic acld tremsvinylation reaction; (e) J. Halpern, B. R. James and A. L.
W. Kemp, J. iB. Chem. $og. , 4097 (1961), bave suggested a ruthenium (III)-
acetylene pi complex as an intermediate im the ruthenium (III) chloride-
hydrochloric acid ecatalysed hydration of acetylemes in agweous solutions,
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consequently increase the observed concentration of acetophenone.
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hypothesis was tested by increasing the mercuric ion concentration in this

M

Observed concentration of acetophenone x IOZ,

system to 0.1 M and 0,25 M in separate experiments,

[H,0] = rairm
[He104)=0-50 M
[He*Y] =005 m

200

1 | ] | 1 | 1 ]
0:0 25 50 75 10:0 125 15:0 175
Concentration of phenylactylene x 0%, M

Fi(. 2

Acetophenone concentration as a function ef

pPhenylacetylene coneentration.

The phenylacetylene and

perchloric acid concentrations were maintained at 0.05 M and 0.5 M respectively

in each but it was necessary, 1im order to preserve homogeneity, to increase

the water concentrations in these experiments to 1.69 M and 3.07 N respective-

1y.? The former run resnlted im a 38% yleld of acetopherone as compared to

the ~ 54% yield observed at a phemylacetylene to mercuric ion ratio of onme.

In the latter experiment jg acetophemone could be detected gas chromato-

graphically, This behavior was inconsistamt with the hypothesis of the forma=-

tion of ar equilibrimm concentration of a 1l:l intermediate.
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The color changes observed in reactions employing excesses of mercuric
ion are significant. As the first part of the catalyst solution was added
to the phemylacetylene solution, a brilliant yellow coloration was observed;
but as the mercuric ion concentration began to exceed the phenylacetylene
eoncentration the solution became rapidly colorless. Quantitative measure-
ments of these color changes were made spectrophotometrically. In order to
make the observations directly, it was necessary to reduce the concentra-
tions of the reactants across the board by a factor of 100. For systems
employing phenylacetylene to mercuric ion ratios of 1.5, 1 and 0.5, & broad
skoulder was observed initially in the 315-330 m;, range. The intensity
of this absorption decreased with time. Neither phenylacetylene nor the
mercuric lon absorbed in the 300-400 my range. The absorbance at 320 mp
as a function of the phenylacetylene concentration for warious times is
shown in Fig, 3. As the ratio of phenylacetylene to mercuric ion was in-
creased the intensity of absorption increased just as the concentration
of acetophenone increased with inereasing phenylacetylene concentration
(Fig. 2). These observations correlate well with the qualitative observa-
tions described above and strongly suggest that the yellow-eolored speeies

is intimately assoclated with the averall process.4

One possible interpretation of these facts is that initially a bis=
(phenylacetylens)~merouric ion complex is preferemtially formed, and that
this is the omly species in which phenylaecetylens is rapidly hydrated.

348 displayed in Fig. 1, an increase im water comcemtratlon from 1.41 M
to 3.07 M at a perchlorie acid concemtratiom or 0.5 M ingresgeg the yield of
acetophenone,

4H. Lemaire and H. J. Lucas, referemce 2a, 81sc obsérved yellow
colored solutions. They eoncluded that the esoloration was due to & by-
product present im small comcemtration which wes not related to the rate
of the reaction but which may possibly be related to the concentratica ef
the 3=hexyne-acetoxymereurie ion complex,
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This hypothesis is the only one which is consistant with the observed
color changes, the near 50% yields observed at phemylacetyleme to mercurie

ion ratios of onme, the increased production of aeetophenone at higher

2:4 —
[H,0]=2-8 x 1072m
[Hel0]-0x102 M
Hg*] =10x I03M
2ol [Mo%]
X
E
S el
(L]
]
3
e 2|
o
°
(o]
w
L
< 08|
04
| { | ] | ] | 1
0-0 2.5 50 75 100 125 15-0 75 200
Concentration of phenylacetylene x 104, M
H.g. 3

Absorbance at 320 mu as a function of

phenylacetylene consentration

phenylacetylene to mercuric lom ratios and the diminished production of
acetophenone at phemylacetyleme to mercuric lon ratios less tham one., Ap-
parently no previous example of a bis-(acetylens)-mercuric ion complex has
been reported?,

The apparsnt leveling off of the acetophenone congemtration at about
tbe concentration of mersurie ion in those experiments im which the phemyl-

3Additional evidence for the existence of bis-(acetyleme)-mercurie ion
complexes has been submitted for publication.
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acetylene to mercuric ion ratio was increased (Fig. 2) is suggestive of the

formation of am acetophenone-mercuric ion complex‘ resulting in a loss of
the coordination sites available to phenylacetiylene and the diminishsd pro~
duction of acetophenone. An alternate explanation is that, because of the
heterogeneous character of the reaction at phenylacetylene to mercuric ion
ratios of two or larger, acetophenone production is greatly reduced. The
former possibility was checked by conducting several reactions in the
presence of added acetophenone. No reduction in yield was observed, even
though nearly ecuivalent amounts of acetophenonme and mercuric perchlorate
were allowed to equilibrate under reaction comditions for up to two days
before addition of phenylacetylene. These results therefore favor the

latter explanation?e.

From a synthetic point of view these results suggest that by the proper

€A loosely formed mercuric chloride-acetophenone complex has been de-

scril(:ed bg L. Paoloni, C.A. 54, 12045B (1960); Rend. ist guper. ganits 23,
813 (1959).

7I¢ bas no® been possible to detect the presence of a carbonyl bamd in
the infrared spectra of the final reaction solutions because of the oceurrence
of a bre?d absorption, presumably due to mercurie perchlorate, centersd near
1700 cm™1!,

The ultraviolet spectra of the final reaction solutions very elosely re-
semble the spectrum of a 1l:1 mixture of acetophemone and mercuric perchlorate
in agueous perchlorie acld-dioxane mixtures which in turn is indistinguishkable
from the spectrum of acetophenone in pure dioxane () max = 240 m, , € = 13000)
but easily distingulshed from the characteristic phenylacetylene spectirum.
Although this data does not appear to support the presence of an acetophenone-
mercuric ion ecomplex, it is not conelusive since such a complex would be ex-
pected to exhibit a spectrum quite similar to that of the unscomplexed moleculs.

Some evidence of complexation may be inferred from the proton nem.r. spec-
trum of mixtures of acetophenone and mercurie perchlorate in aqueous perchlorie
acid=dioxane mixtures where the phenyl proton resonance appears as a single
sharp absorption and is shifted by =0.45 ppm relative to the mncomplexsd
molecule in the same medium. The final reaction solutions show the same ab-
sorption at the identical field strength as the acetophenone-mercurie per-
chlorate mixtures,

Therefore it is concluded that although an acetophenone-mercuric ion
complex may exist, it does mot inhibit the mercuric lon catalysis of the
hydration reactiony +the leveling off in acetophencne production is atiributed
to the heterogeneous character of the reaction at phenylasetylene to mercurie
ion ratios greater than two.
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control of certain variables the reflux temperatures and long reaction times
commonly employed in acetylene hydration reactions may be avoided. Mercurie
perchlorate apparently has not been widely utilised as a catalyst; its
combination with solvent diexane appears advantageous. Surprisingly, too
high a concentration of water is detrimental to the hydration process. Ome
interpretation of this may be the preferential occupation of the proper co-
ordination sites on mercury by water amd to the exclusion of acetylene. The
most critical factor appears to be the acetylene to mercury ratio; elearly
excesses of catalyst are undesirable. Further studies of this and related
systems are in progress.
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