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dride) react at hydrogen fluoride reflux temperature 
fast enough for this to be used as a preparative 
method at  atmospheric pressure. The higher 
homologous acid anhydrides (with the exception of 
benzoic anhydride) need higher temperatures and, 
consequently, super-atmospheric pressures. The 
acyl chlorides, however, react a t  -10 to $5" 
rapidly and smoothly, thus allowing the halogen 
exchange to proceed at atmospheric pressure. 

Such a preparation of acetyl fluoride is incon- 
venient, of course, as its boiling point is very 
similar to that of hydrogen fluoride. It is, therefore, 
obvious that the two types of starting materials 
complement one another. It was found possible to 
apply the reaction of acid anhydrides with an- 
hydrous hydrogen fluoride to mixed anhydrides ; 
this method was found to be extremely useful in 
the preparation of formyl fluoride.6 By carrying out 
the reaction a t  atmospheric pressure, with con- 
tinuous removal of the low boiling formyl fluoride, 
it was possible to make the reaction go entirely in 
this direction. 
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\* 
A 61% yield of formyl fluoride was obtained, with 
a minimum formation of acetyl fluoride. 

EXPERIMENTAL 

The acyl fluorides were analyzed by gas chromatography 
and infrared spectroscopy. A Perkin-Elmer Model 154C 
Vapour Fractometer, having as column material a silicone 
high vacuum grease and a Perkin Elmer Model 221 infrared 
spectrograph with sodium chloride optics and silver chloride 
cells were used. As comparative standards, acyl fluorides 
described by us but prepared by known methods' were 
used. The yields, however, aa shown in Table I, are those 
obtained in preparative scale experiments and represent the 
amount of isolated acyl fluoride and not VPC data. All 
operations were carried out with the usual precautions to ex- 
clude moisture. 

Reaction of acid unhydrides wtth uzh&rous hydrogen 
j l r n . d e .  Into 2.0 moles of the corresponding acid anhy- 
dride, 45 g. (2.25 moles) anhydrous hydrogen fluoride was 
added. The additon was carried out at approximately - 10" 
with stirring by means of a Teflon covered magnetic stirrer. 
The mixture was kept at this temperature for an hour. It 
was then allowed to warm to room temperature and left 
standing for 2 hr. The mixture was then treated with 15 g. 
of anhydrous sodium fluoride to remove excess hydrogen 
fluoride, and distilled. Operations involving anhydroua 
hydrogen fluoride were performed in fused silica or plastic 
equipment. Plastic materials used included polyethylene, 
polypropylene, Teflon, and Kel-F. 

Reation of acyl chlorides wiih a n h y d t m  hydrogen $ d e .  
Into 2.0 moles of the corresponding acyl chloride, kept a t  
-5O to OD, a continuous stream of anhydrous gaseous hy- 
drogen fluoride was introduced at a rate of approximately 
-~ ~ 

(6) C;. 4. Olnh and S. .J. Kuhn, -1. .4m. Chem. Soc. 82, 
2180 (l!XiO). 

1 g./min. for 1 hr. It is also pomible to carry out the reaetion 
by adding the required amount of anhydrous liquid hydrogen 
fluoride to the stirred, cold acyl chloride. The reaction waa 
then allowed to warm to room temperature and waa kept 
there for 2 hr. To remove excess hydrogen fluoride, the 
reaction mixture waa treated with dry sodium fluoride, 
filtered, and W e d .  
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Olehs have long been known to form complexes 
with various metallic compounds,1 particularly 
those of platinum (11), mercury (II), palladium 
(11), and silver (I). In the case of mercury, a further 
reaction occurs in which the mercury compound 
adds across the double bond. For example, in glacial 
acetic acid, ethylene and mercuric acetate react as 
follows :a 

GIt + Hg(0Ac;k + AcOGI4HgOAc (1) 

Under certain conditions it is possible to effect an 
oxidation of the olefin, producing an inorganic 
mercurous salt and the oxidized carbon comp~und.~ 
For example, in moderately strong (-2M) nitric 
acid solution, mercuric nitrate and 2-pentene react 
as follows:(3") 
C&CH=CHGHs + 2Hg++ 

CHsCOCJtr + 2Hg+ + 2H+ (2) 

Lead (lV), which is isoelectronic with mercury (11), 
has also been reported to oxidize olefins, both to 
carbonyl compounds4 and also to glycol deriva- 
tives.6 This report describes a similar reaction of 
olefins with a third isoelectronic species, thallium 
(111). The reaction of thallium (111) solutions with 
bot,h ethylene and 2-hexene wm investigated, and 
both carbonyl products and glycols or their esters 
were obtained. The thallium was meanwhile 
completely reduced to thallium (I). 

In nitrate solutions, the highest yield of ethylene 
glycol obtained was about 3201, of the ethylene 
consumed. The yield of nonvolat.ile carbonyl com- 

(1) P. H. Plesch, Ed., Cationic Polytnerization and Re- 
lated Complexes, Academic Press, New York, N. Y., 1963, 
p. 40. J. C. Bailar, Chcmintry of Coordination Compounds, 
Reinhold, New York, N. Y., 1956, p. 487. 

(2) J. Chatt, Chem. Rev., 48, 7 (1951). 
(3) (a) R. F. Moms, Thesis, University of Indiana, 1954. 

(b) F. E. Mertz and 0. C. Dermer, Proc. Oklahoma A d .  
Sn'., 30, 134 (1949). (c) A. C. Cope, N. A. Nelson, and D. 8. 
Smith, J.  Am. Chem. Soc., 76, 1100 (1954). (d) W. Treibs, 
N d u v i s s . ,  35, 125 (1948). (e) W. G. Toland, U. S. Patent 
2,623,073 (1952). 

(4) M. Finkelstein, Ber., 90, 2697 (1957). 
( 5 )  It. Crkgcc', c1 nl., Ret., 90, 1070 (1955). 
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pounds was estimated from the amount of 24- 
dinitrophenylhydrazone formed and was about 6% 
in this case. In the sulfate system the corresponding 
figures were 45% and 3%. Solutions of thallium 
(111) chloride reacted only slowly with ethylene, 
while acetate solutions appeared not to react a t  all. 
Acetaldehyde was formed in all cases as evidenced 
by its odor, but very little was found in the solu- 
tion. It was suspected that further oxidation of 
acetaldehyde by thallic ion occurred and a separate 
experiment was carried out involving thallic sulfate 
and acetaldehyde. This oxidation proceeded more 
slowly than that of ethylene, but it was possible to 
show by means of spot tests and infrared spectra 
the presence of acetate and glycolate among the 
products. These same products were also found to 
occur in the oxidation of ethylene. 
In the reaction between 2-hexene and thallium 

(111) acetate in acetic acid-water media the main 
products were acetate esters, principally the mono- 
ester, of hexane-2,3-diol, yields of which varied 
with the water content of the medium. With water 
contents of 2%, lo%, and %% by volume the 
yields of esters were roughly 40%, 30%) and 7%, 
based on the thallium (IIT). Two per cent water 
corresponds to about one mole of water per mole of 
thallium, and in this experiment a trace of 2- 
hexanone was found. In the other two experiments 
substantial amounts of 2-hexanone were found. 

The stoichiometry of the reaction between olefins 
and thallium (111) appears to be expressed by the 
equations 
RCH=CHR’ + TI+*+ + 2H20 + 

RCHOHCHOHR‘ + T1+ + 2H+ (3) 
R C H 4 H R ’  + Tl+++ + HZ0 + 

RCOCH2R’ + Tl+ + 2H+ (4) 

for the formation of glycols and ketones, respec- 
tively. It seems reasonable to suppose that the first 
step in these reactions is the formation of a thal- 
lium-olefin complex, similar to that occurring in 
the mercury-olefin system.2 Upon reaction with a 
base, this complex forms an alkyl-thallium ion 
which, because of the strong oxidizing properties of 
thallium (111) , decomposes, giving a carbonium ion : 

RO RO 
\ /  \ /  ----c-c-+-y2- ’ \m++ ’ + 

I , R * H  
11, R CH&O 

In aqueous media species I (R = 
and can, among other possibilities, 

+ TI+ (5) 

H) will exist, 
pick up a hy- 

droxyl ion or water molecule at the positive- carbon 
to become a glycol. It can also lose a proton from 
the carbon bearing the hydroxyl group to become 
first an enol, then an aldehyde (or ketone) : 

HO HO 

This mechanism iY in accord with the formation of 
both glycol and acetaldehyde in the oxidation of 
ethylene. A similar mechanism has been proposed 
for the reaction of lead (IV) with 0 1 e f h . ~  

This mechanism can also be applied to the 
formation of a moiioacetate glycol ester in acetic 
acid media, in which case the product of reaction 5 
is I1 (R = C&CO>. The reactions of carbonium 
ions of type I1 have been studied by Winstein,’ 
who has shown that certain groups, such as ace- 
tate, are capable of a “bridging” effect, forming a 
carbonium ion of somewhat different nature 
(Equation 7). The C-0 bonds of the ultimate gly- 
col are already formed in the intermediate, and 
attack by a water molecule a t  the carboxyl carbon 
produces a monoacetate ester: 

The extent to which reaction 5 produces I1 instead 
of I presumably depends upon the relative amounts 
uf acetic acid and water in the system, Evidently, 
at the lowest water concentration reported here, 
the intermediate is almost entirely 11, as judged 
by the absence of appreciable amounts of carbonyl 
compounds in the final products. 

EXPERIbfENTAL 

Thallium solutions. C.P. grade thallium ealts were obtained 
from Amend Drug Company, New York. To prepare solu- 
tions of thallium (111), a thallous compound (usually 
thallium chloride) was chlorinated in aqueous solution, 
and thallium hydroxide waa precipitated by addition of 
sodium hydroxide. The hydroxide waa then dissolved in the 
appropriate acid. For aqueous experiments this solution 
waa used directly, and for experiments in acetic aoid media 
the acetate solution waa evaporated to dryness on a steam 
bath and taken up in glacial acetic acid. 

Ozidaion of ethylene. The reaction between ethylene and 
thallium (111) was carried out a t  ambient temperature in a 
constant-volume system, in which an atmosphere of ethylene 
was allowed to react with a stirred solution of a thallic com- 
pound, usually about 0.4M in thallium. In the nitrate and 
sulfate syatems, absorption of ethylene occurred readily, 
10 m o l e s  of thallium b e i i g  completely reduced within a 
few hours. The reaction appeared to go most rapidly if 
sodium hydroxide were added to maintain the pH a t  the 
point of incipient precipitation of thallium hydroxide. 

OzQdrction of %hemme in g l a d  acetic acid. The oxidation 
of Zhexene by thallium (111) acetate waa carried out in 
glacial acetic acid. These experiments were performed using 
varying amounts of water in the system. The eolutions were 
warmed gently for a few hours, which waa su5cient to 
reduce the thallium completely. 

Separation and determination of p*aluds. Thallium waa 
first separated by addition of hydrochloric mid and filtra- 
tion of insoluble thallium chloride. The determination of 

(6) 8. Winstein and R. E. Buckles, J. Ani. Chew Suc.. 
65, 613 (1943); 64, 2787 (1942). 
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glycols was carried out by the periodate method7 involving 
oxidation with excew periodate and determination of the 
residual periodate by addition of potassium iodide and titra- 
tion with thiosulfate. This procedure also determines 
glyoxal and glycolaldehyde. In the ethylene experiments, 
where these compounds appeared to be present, a correction 
waa made, based on the amount of 2,kiinitrophenyl- 
hydrazone obtained. The latter compound waa a reddish 
color, insoluble in most solvents, and melted above 300". 
This description fits the glyoxal derivative, which is also 
obtained from glycolaldehyde. Infrared spectra of the resi- 
dues obtained by evaporation of the water indicated the 
presence of glycolate and acetate salts. Oxalate, glyoxylic 
acid, formaldehyde, and formic acid were shown to be 
absent by chemical spot tests.' In one experiment the 
ethylene glycol waa isolated by evaporating the aqueous 
solution to dryness, leaching the residue with propanol to 
reject inorganic salts, and evaporating the alcohol. The 
infrared spectrum of the liquid residue was identical with 
that of ethylene glycol. 

The products of oxidation of Zhexene were isolated by 
dilution of the system with water and extraction with ether, 
or by distillation of the solvent followed by partition be- 
tween ether and water. From the ether waa obtained a 
sweet-smellimg liquid, whose infrared spectrum exhibited 
a strong alcoholic hydroxyl band at 2.88 ,u, and another 
band at 5.75 ,u, characteristic of the ester carbonyl group. 
This data suggested that the liquid waa a monoacetate 

ester of hexane-2,3diol, and further evidence of its identity 
was sought. Monoacetate esters of this type are produced 
during the reaction of olefins with peroxyacetic acid,g and 
accordingly 2hexene w a  oxidized by the procedure of 
Swern.10 The product waa purified on a vapor chromatogra- 
phy column, and its infrared spectrum was obtained. It 
was compatible with designation as a monoacetate ester of 
hexane 2,3401. A product from the thallium oxidation was 
chromatographed also, and the major product was found to 
behave identically on the chromatography column with the 
standard sample. Its infrared spectrum waa also identical 
with that of the standard. In both chromatogram lesser 
amounts of a second component were observed, whose 
infrared spectra indicated it to be the diacetate ester. A p  
proximate yields of the total ester product were obtained 
from the weight of prpduct and the approximate punty aa 
determined from the chromatograms. 

A portion of the monoacetate prepared by the peroxida- 
tion procedure was hydrolyzed by refluxing 2 hr. in 10% 
sodium hydroxide solution, and the hexane-2,3-diol waa 
isolated by extracting with ether, drying and evaporating 
the ether. An ester product from the thallium oxidation 
procedure was hydrolyzed in the same manner. The infra- 
red spectrum of this hydrolysis product indicated it to be 
hexane-2,3-diol. 

N o  attempt wm made to ascertain whether the mono- 
acetate wm the 3-ester or the 2-ester of hexanediol. This 
point does not appear to have been studied in the pemxida- 
tion procedure either, and the question of the identity of 
the "standard" monoacetate is atill open aa well. 

The carbonyl product obtained in the oxidation of 2- 
hexene in acetic acid was isolated from the distillate as the 
2,Pdinitrophenylhydrazone, which was recrystallized from 
ethanol. It melted at 102-106", compared to the literature 
values of 106" for the 2-hexanone derivative and 130' for 
the 3-hexanone derivative. 

( 7 )  G. 0. Curme, Glycols, Reinhold, New York, N. Y., 
1952, p. 337: 

(8) F. Feigl, Spot Tests, Vol. 11, Organic Applimtwns, 
Elsevier, 4th ed., 1954. 

(9) D. Swern, Org. Reactions, 7, 378 (1953). 
(10) D. Swern, G. W. Billen, T. W. Findley, and J. T. 

Scanlon, J .  Am. Chem. Soc., 67, 1786 (1945). 
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I. The von Pechmann Reaction 
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It has generally been the practice to use large 
quantities of concentrated sulfuric acid as a con- 
densing agent in the preparation of hydroxy- 
coumarins by the von Pechmann reaction, i.e. 
the condensation of phenols with malic acid or 
with &keto esters.lJ It has, however, been shown 
by Grieg-Gass' and Barris and Israelstam' that 
such large amounts of acid are unnecessary, since 
comparable yields of coumarins are obtained by 
using relatively small quantities of acid. The use 
of cation exchange resins as condensing agents 
was therefore investigated and it has now been 
shown that certain hydroxycoumarins are readily 
formed in good yield in this reaction using such 
resins. 

In recent years anion exchange resins have been 
used in organic reactions with some success.s-7 
Apart from the use of cation exchange resins as 
hydrolytic agents, there have been very few 
applications of such resins in synthetic 

The cation exchange resins used in this work 
were Zeokarb 225 and Amberlite IR.120. These 
resins are resistant to high temperatures and can 
be used continuously a t  looo, or at  higher tem- 
peratures for short periods. The main advantages 
of cation exchange resins are that they may be 
recovered and used again and that they simplify 
the purification of the final product. Since 8- 
keto esters were found to be hydrolyzed by cation 
exchange resins, it is necessary to limit the weight 
of resin used, generally between 20 and 40% by 
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