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652 The hydration ot acetylenes No.10 

At higher ratios', i.e., k-10, the ooloration ws accompaaied b the gradual 

formation of small amounts of a finely ditided blaak precipitate which, ia 

certain instances, oould be redissolved b.y sbaldag. If the soneentration of 

water exoeedea the concentration of raid by a factor of 84.0 or greater, aa 

immediate white precipitate appeared on ddng and a greatly dimiakirhed yal- 

low coloration inns observed. During the eourse of the reaotion this vbite 

precipitate disaolred yielding a pale yelluu hmogeneonr rolution.l 

A reries o:i determinations wta made over the previourly indicated ramp 

of water conaen%rations end at perehleria acid aonoentrationr of 0.25 H, 0.5 II 

and 1.0 H. Plote of per oemt field verms ualm aoneentration for eaoh eeriea 

of reactions an3 show in Fig. 1. 

Yields in system -lo-g relatively lem water concentrationa were 

quite reproducible. For the 8yutm 0.05 l4 in phe@.aoetylene, 0.05 II in 

mercuric perchlorate, 0.5 H in perchloris aaid and l&l H in water, five 

aeparate rum utilising different 8teek solutions of phen@aaetylene, dif- 

ferent catalyst solution8 whioh bad been allowed to equilibrate for varying 

amounts of tips andwrk-up proeednrer ubichdiffered la the emountoftim 

lapaingbetuecmt the qnenchlngofthe reaotionandthe actualwrk~ppro- 

dueed the following reemltsx per sent yield (age of oat&+ solutiea), 

54 (2.5 brs.); 51.4 (16 Brs.1; 55.7 (24 hrr.)j 52.4 (60 hrr.). In hetere- 

geneous reaotions inditidnal yields aauld not be reprodaaed readilyi nwer- 

tbeleas, a# the uater eonoentratior uas gmdually imreared an umairtabsblo 

lItappearr rignifieaatthatthemerenrleperehlorate eolutiene vhiehre- 
milted inthe oleenreaetione ooneieteatly ehomaaltraioletabeorptionmxlm 
l teomewhatlomgeruavelengWmdwith%mreamd int48eity ccmpared to tho8e 
eatalyet aolutiuae of higher nter ooakntr x *to), u-%7Wm i8di- 
exme/2.132 W mater/LO I perehlerie aeiaj 239-88 (3150) in dioxame/6.0 II ntor/ 
1.0 N per&l&a aaid. Apparentl.y the state of rolrrtien of tke mrcmic iw am 
i8ai8wabit8 liltravloletabmmption 8peatroiiram lmpmtaatfaetor iatk8 
reaotiar. 

All resew wmrm Uld to proeeod 45.0 mi.mutar at 22e, quenekd uith 
2ODrl. ofntmr whieheonta5ned mffloientmodimI@roAde toneutralize the 
perehlerieaeid, flih0a,ertrcrkttddth~h tetraohlorlde andammed ~8 
Oh’U=tO@8p~f~ lltili8iao %@GtUIOU U a inknal8~dUd. 
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pattern we established: first a gradual iacrease in yield f0xknfea by a 

tailing off at higher water levels. 

The homogeneous reaction desoribed above was selected for more detailed 

study. Progressive shortening of the reaotion time in this system led to 

the conclusion that the final oomposition of the reaotion solution was 

rapidly establisbeedr per cent yield (reaotion time), 59 (20 hrs.); 53.8 

(45.0 min.; av. of four aetermiaations); 50.2 (20.0 min.); 49.4 (15.0 

min.); 50.2 (10.0 min.)j 45.8 (5.0 min.)j 42 (2.0 ml&). 

The effect of progressively incrsasiag the oonoentration of pheuyl- 

aoetylene on thb oonoentration of aoetophenone (usually taken as that pro- 

duoea in 45.0 min.j in most oases separate runs timed to proceed for 

24 hrs. produced yields within a few per cent) in this system is shown in 

Fig. 2. The oonoentration of aoetophenone imreases sharply, then appears 

to level off at u 0.05 H. Additional experiments in this series were not 

uadertaken because of the ocourrence of a heterogeneous system at phenyl- 

aoetylene to meraaria ion ratios greater than two. A steadily intensifying 

@low ooloratica WAS observed in the reaction solution as the phenylacety- 

lene to mercuric ion ratio was increased. 

These results suggest& that the first step ia the hydration reaction 

is the reversible formation of a lrl coordination oomplex between phenyl- 

aaetylene aud mrcurio ion2 uhiah is responsible for the yellow ooloration 

aad which is subsequently attaehea by water. Increasing a reaotaut concen- 

tration vould iuarease the equilibrium ooncentration of this speoies and 

'(a) E. Lemire and H. J. Lucas, 2. &. &2jj. QBE. p, 939 (1955), 
have presented eriaenoe for a 3-heqm-aeetoxymereic ion aolpler as an 
intenwdiate in the mweurio acetate-perohloria acid catalyzed addition 
of aoetic acid to 3_hexyne in glaaial acetic aaidj (b) P. L. Melnan, & 
!%&&%4. 

% 
1057 (1949), has suggested an aoeylenerercuric sulfate oom- 

plex as an in mediate in the mereuric salfate catalysed vinyl soeta- 
bowlio aoid tnnsrinJwion reaotionj (0) J. Halpera, B. B. Jemes end A. 1. 
~-geup,L*k*~~PPP- 

4 
, 4097 (196l), have suggested a ruthenium (III)- 

l aety1ene pi oemplex as an in ereediate in the ruthenium (III) ohloride- 
hydreehlorio acid eatalrsed hydration of aaetylenes in sqaeous solutions. 
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the observed concentration of aoetophenone. Thi8 

by increasing the memuric ion concentration in this 

[ti,o] = I.41 M 

[HCIOJ=O.~O M 

[ Hg”] = 0.05 M 

I I I I I I I I 
3 P5 5-o 7.5 l0.o 12.5 15.0 17.5 200 

Conccntrotion of phenylactylene x 102. M 

Fig. 2 

Aeotophenone aoncentzation as a ianotim U 

phe@aeetglene eonaentration. 

system ta 0.1 M and 0.25 H ia eepamte experiments. The pheqlacetylene and 

perehlorio acid oonuentrations were uintained at 0.05 M and 0.5 W respeatively 

in each bat it was necessary, in order to preserve hmogezmity, to Increase 

theuateroommtrations in them experiments to1.69Yand3.WHrespectBe- 

ly.' Tke fomrlpl~~~d~a~~eldofa~~~e as coqmredto 

the -wy%eld obrumd atapheqlacetylene to wroariaionrrtio of one. 

Inthe latter exparlment~aeotopbemene eouldba dekoted gas chrauto- 

@'@I%~. 'fhis beharior -8 inW3E8i8tUBt With th. bpothe8i8 Of the fOl’U- 

tien of u eqail%brium conoentration of a IS1 intemediate~ 
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The color obanges observed in reactions employing excemes of mercuric 

ion are si@fiocmt. As the first part of the catalyst solution uaa added 

to the phemylacetylene solution, a brilliant yellow coloration was observedj 

hut as th8 mercuxic ion concentration began to exceed the phenylacetylene 

eoneentration the solution became rapidly colorless. Quantitative measure- 

ments of these mlor changes were made spectrophotometrically. In order to 

make the observations directly, it vas necessary to reduce the concentra- 

tions of the reactants aaross the bosrd by a factor of 100. For systems 

apla phenylacetylene to mercurio ion ratio8 of 1.5, 1 and 0.5, a broad 

shoulder war observed initiallyinthe 315-3309 range. The intensity 

of this absorption decreased with time. llleither phe@acetylene nor the 

mereuric ien absorbed in the 3OS4.00 r~ range. The absorbance at 320 rp 

as a f'unctioa of the phenylacetylene concentration for various times is 

shown ia Fig. 3. Bs the ratio of phenylacetylene to mercuric ion was in- 

areased the intensity of absorption increased just as the concentration 

of aoetophexone increased with increasing pheuylacetylene concentration 

(Fig. 2). Them observations correlate wall with the qualitative observa- 

ties8 desoribed above and stroug~ suggest that the yellev-colored sseeies 

is iatimately aesoeiated uith the Overall proaess.4 

Qe po8sibl.e interpretation of these facts is that iuitiw a biw 

Meu7laeet~lenekereurie ion complex is preferentialQ famed, asd at 

+his is the mly species ia uhieh phenylaeetylene is rapidly -ted. 

3As displayedia?ig.l, uiaerease imuter eenceatratiamfral.411 
te 3.W l4 at a perehlorie aeid eeneestraties ef 0.5 I m the y5el.d ef 
aeetopheneae. 

~.~udH.J.~s,~~~b,~o~~d~Uw 
colored 8OlutiOn8. Tlwyeoneludedthattheeolerationuwdwtorbp 
predmt prerut i.8 mall eonoedratien uhioh mu mt rolatod te the rate 
efthem8etionhutvhlehn~ po881~berelatedtothe80neestmt&md 
the3+=me-aeetoqraarri eieaoasplet 
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one which is consistant vith the observed 

yields observed at phe@.aeetylene to mercnria 

ion ratios of one, the increased production of aaetophenone at bzlgber 
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Concentration of phenylocetylene x 104. M 

Absorbance at 320 41 as a function of 

phenylaoetylene conaentratioz~ 

phenylacetylene to mercuric ion ratios and the dimlaisbed prodnation of 

aoetophenone at phenylacetylene to merenrie ion ratios less thaa one. Ap- 

parent* no previous ezample of a blr(aoetyleno)~reurio ion ccmplex has 

been reported'. 

The apparent lewling off of the aaetophenone oonoentratioa at about 

the coneentratienofrermHeioninthose experimentr inuhbhtheplulyl- 

~Add.Itional evidence for the existenae of bia-(aeet~lene)~reariorvio ion 
aomplerss has been suwtted for pnblIcatien. 
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acetylene to rereuria ion ratio mas inareased (Pig. 2) is suggestive of the 

formation of an aoetophenone-mercurio ion eomplex6 resulting in a loss of 

the aoordination sites available to phenylacetylene and the diminished pro- 

duction of acetophenone. Au alternate explanation is that, because of the 

heterogeneous character of the reaction at phenylacetylene to mercurio ion 

ratios of two or larger, aoetophenone production is greatly reduaed. The 

former possibility was ohecked by conducting several reactions in the 

presence of added acetophenone. No reduction in yield was observed, even 

though nearly eo,uivalent amounts of acetophenone and mercuric perchlorate 

were allowed to equilibrate under reaction conditions for up to two days 

before addition of phenylacetylene. These results therefore favor the 

latter explanation7. 

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

'A loosely formed mercuric ehloride-acetophenone complex has been de- 
scribed by L. Paoloui, E.4. &, lm45h (1960)~ &I@. && M. e & 
813 (1959). 

'It has not been possible to detect the presenoe of a carbonyl baud in 
the infrared spectra of the final reaction solutions because of the ocaurrenoe 
of a broad absorption, presumably due to nercurio perchlorate, oentered near 
1700 cm-'. 

The ultraviolet spectra of the final reaction solutions very alosely re- 
semble the speotrtua of a lrl mixture of aoetophexone aad mercurio perchlorate 
in aqueous perchloric acid-dioxane mixtures which in turn is indistinguishable 
from the spectrum of aeetaphenone in pure dioxane (A xax = 240 xp , E = 13ooo) 
but easily distinguished from the characteristic phenylacetyleue speatru% 
Although this data does not appear to support the presenoe of an acetophenone- 
mercuric ion complex, it is not eonelusive since such a aoxplex would be ex- 
pected to exhibit a spectrum quite similar to that of the unecaplexed moleanle. 

Some evidence of eomplexation may be inferred. from the proton n.m.r. spee 
trum of mixtures of acetophenone and mereuria perohlorate in aqueous perohloric 
acid-dioI8ne mixtnres where the phenyl proton resonance appears as a single 
sharp absorption and is aktifted by -0.45 ppm relative to the gncomnl xeQ 
molecule in the sane medinm. The final reaction solutions show the '- ab- 
sorption at the identical field strength as the acatophenonerercnrie per- 
chloratedxtures. 

Therefore .it is concluded that although an aaetophenone4ercurio ion 
aomplex may edat, it does not inhibit the mercuric ion catalysis of the 
hydration reactionj the leveling off in acetophenone production is attributed 
to the heterogeneous character of the reaction at phenylaoetylene to mercuria 
ion ratios greaterthantwo. 
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control of certain variables the reflux temperatures and long reaotion tAmea 

c0m0nly ePipl0pa in aaetylene hydration reactions may be avoided. Hercuria 

perohlorate apparently has not been widely utiurt3a aa a catalyst; its 

combination with solvent diexane appears advantageous. &rprisingl~, too 

high a aonaentration of water is detrimental to the hydration process. Che 

interpretation of this may be the preferential occupation of the proper co- 

ordination rites on mercury by water and to the exclusion of acetylene. The 

moat critical faotor appears to be the acetylene to mercury ratio; alearly 

excesae8 of catalyet are undesirable. Further studies of thir and related 

systema are in progress. 
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