
1840 Shunsuke MURAHASHI, Shun'ichi NOZAKURA and Saburo Fuji [Vol. 38, No. 11

Some Reactions of Mercuridiacetaldehyde* 

By Shunsuke MURAHASHI, Shun'ichi NOZAKURA and Saburo Fuji 

(Received January 28, 1965)

Mercuridiacetaldehyde Hg(CH2CHO)2 was 
first prepared by Nesmeyanov and his group 
in 1955; it has since been used for the syn-
thesis of various kinds of vinyl ethers.1-7) 
Mercuridiacetaldehyde and chloromercuriacetal-
dehyde show 0-vinylation by means of the 
reaction of the Hg-O with C-halogen bonds in 
substrates. In some cases, however, the reac-
tion proceeds in an alternative way, one in 
which the C-alkylation reaction takes place by 
means of the Hg-C bonds.2,8) Thus mercuri-
diacetaldehyde can also be regarded as divinyl-
oxymercury, a mercuric salt of vinyl alcohol. 
A number of vinyloxymetal compounds have 
been reported in the literature, such as 
aluminum,9) titanium,10) lithium,5) sodium,5)

iron,5) and silicon.6) However, the chemical 
behavior of the unsaturated bonds in these 
compounds is scarcely known at all. 

In the course of their synthetic study of 
vinyloxymetal compounds with mercuridiacetal-
dehyde, the present authors noticed that the 
latter compound was easily converted, in various 
organic solvents, into an insoluble and infusible 
substance. This phenomenon led the authors 
to suspect that the insoluble-substance might 
be a polymeric material which was formed by 
the addition reaction of C=C double bonds in 
the form of divinyloxymercury. The object of 
the present work is to elucidate the chemical 
structure of the insoluble substance, and also 
to obtain further information on the chemical 
structure of the starting material, mercuridi-
acetaldehyde. 

As a compound closely-related to mercuri-
diacetaldehyde, Nef's so-called mercuric salt 
of vinyl alcohol was also reinvestigated in 
the light of recent knowledge. 

Results and Discussion 

On Mercuridiacetaldehyde.-Two tautomeric 
structures, I and II, can be assumed for mer-
curidiacetaldehyde in view of its dual reac-
tivities :12)

(I) (II)
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Type I should show infrared absorptions of 

the carbonyl group, while type II shows those 

of the C=C double bond. The infrared spectrum 

of mercuridiacetaldehyde shows a strong band 

at around 1645 cm-1 (Table I). Nesmeyanov 

and Lutsenko13) assigned the band to the 

stretching vibration of the carbonyl group, 

taking into account the fact that the ultraviolet 

spectrum of the compound showed the ab-

sorption maximum at 296 mƒÊ (logƒÃ 2.90) 

which is characteristic of the carbonyl absorp-

tion. In order to exlain both the large batho-

chromic shift of the carbonyl band and the 

dual reactivities of the compound, they pro-

posed a ƒÐ-ƒÎ conjugated structure.13,14) 

As the infared spectrum of mercuridiacetal-

dehyde showed an absorption band at 2720 

cm-1 which seemed to be a normal position 

for the C-H stretching vibration of an aldehyde 

group, the reactions of the compound with 

typical aldehyde reagents were studied. The 

reactions of the compound with sodium bisul-

fite, 2, 4-dinitrophenylhydrazine, semicarbazide 

hydrochloride, and hydroxylamine hydrochlo-

ride were found to take place as follows :

(III)

(IV)

(VI)

The structural assignment of these products 

was based on analysis and on a study of their 

infrared spectra. Structure IV is tentatively 

assigned as in the case of levulinaldehyde.15) 

The reaction with hydrazine hydrate led to 

the liberation of metallic mercury. Thus, it 

was shown that mercuridiacetaldehyde behaved 

like usual aldehydes. 

The infrared spectrum of mercuridiacetal-

dehyde (Table 1) shows a band at 553 cm-1 
which may be assigned to Hg-C. The wave 
number is almost the same as that reported 
for dimethylmercury (550 cm-1),16) suggesting 
a covalent nature of the Hg-C bond. As the 
carbonyl absorption at about 1645 cm-1 cor-
responds to an intermediate of a metal chelate 
(1600-1530 cm-1) and normal carbonyl, the 
carbony oxygen group in the compound might 
be weakly chelated to the mercury atom in 
the same molecule or form a polymer through 
coordination to the mercury atom in the next 
molecule. Thus, the structure may be best 
represented by VII, as has been suggested by 
Nesmeyanov.

(VII)

The structure of the decomposition product, 

which will be discussed below, also seems to 

support these chelated structures. 

The Decomposition of Mercuridiacetaldehyde 

in Alcohol.-Mercuridiacetaldehyde synthesized 

according to the method described in the litera-

ture3) showed a melting point of 84-86•Ž, 

which was rather low compared with the re-

ported value (91•Ž). 

Purification by recrystallization from various 

solvents was unsuccessful, because of the in-

stability of the crude compound in solution. 

Table II shows the solubility of the compound 

in ordinary organic solvents and its stability 

after it has stood overnight. Water was the 

best solvent, and in its dilute solution the 

compound was considerably stable, but in a 

concentrated solution the compound decom-

posed rapidly with the separation of metallic 

mercury. The compound, after the solvent 

treatment, generally showed much higher 

melting points, became insoluble, and showed 

a higher mercury-content than the original 

sample. Since a survey of the infrared spectra 

of the high-melting sapmles thus obtained 

usually showed new common absorption bands, 

the change brought about by this treatment is 

considered to be due to the formation of the 

same decomposition product. In order to eluci-

date the decomposition reaction, therefore, the 

reaction in ethanol was then studied in more 

detail.
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TABLE I. INFRARED SPECTRA OF MERCURIDIACETALDEHYDE AND THE RELATED COMPOUNDS

TABLE II. SOLUBILITY AND STABILITY OF MERCURIDIACETALDEHYDE IN VARIOUS SOLVENTS

a) A mixture of about 1 g. of sample and 1 ml. of a solvent was allowed to stand overnight 
and then the solvent was evaporated in vacuo. 

b) -, insoluble ; +, soluble ; ++, readily soluble.

When an ethanol solution of mercuridiacetal-

dehyde was kept under reflux, a white precipi-

tate separated after one or two hours. After 

the refluxing had continued for 4 hr., the mer-

cury content of the precipitate increased to 

77.3% from the original 69.9% ; it remained 

constant thereafter. Alternatively, when a cata-

lytic amount of an ethanol solution of sodium 

ethoxide was added to the solution at room 

temperature, the white precipitate appeared 

immediately. In this case, the mercury con-

tent of the product increased to 80.7%. 

Associated with the decomposition phenom-

enon, the infrared spectra showed a marked 

change in some respects. The ƒËC=O band at 

1645 cm-1 and the bands at 1150 and 1050 cm-1 

diminished and new bands appeared at 1580, 

1300 and 1120 cm-1. The ƒËHg-C band at 553 

cm-1 shifted to the doublet at 545 and 541 cm-1. 

The ƒËC-H of aldehyde at 2720 cm-1 showed 

no appreciable change.

When decomposition product was treated 

with bromine, bromacetaldehyde was obtained 

as a sole organic product. This fact suggests 

the existence of the Hg-CH2CHO group in the 

decomposition product.

The new band at 1580 cm-1 is considered to 

be due to a carbonyl bond which is weaker than 

that of the original mercuridiacetaldehyde (aa 

bathochromic shift of 60 cm-1). A batho-

chromic shift of the ƒËHg-C bond also suggests 

a weaker Hg-C bond in the decomposition 

compound than in the original compound. 

From the above-mentioned facts, the authors 

concluded that most of the mercuridiacetal-

dehyde was converted into a mercurous com-

pound, Hg2(CH2CHO)2 by the decomposition. 
of the Hg-C bonds.
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This conclusion is supported by the fact that 

the ƒËC=O bands in mercuric and mercurous 

acetates are 1570 and 1540 cm-1 respectively, 

showing a bathochromic shift of 30 cm-1 in the 

change from mecuric to mercurous. The batho-

chloric shift of the ƒËHg-C bond seems to be 

compatible with the fact that mercurous com-

pound are generally more ionic than the cor-

responding mercuric compounds. 

The decomposition reaction could, practically 

speaking, not be brought to completion, as may 

be seen from the analytical results and the 

infrared spectra, probably because of the in-

solubility of the product. 

The decomposition of mercuridiacetaldehyde 

in ethanol may be interpreted in terms of a 

homolytic fission of the Hg-C bonds or by a 

nucleophilic substitution on mercury, followed 

by a homolytic cleavage of the Hg-OC2H5 

bonds.

The formation of acetaldehyde was confirmed 
by a gas chromatographic analysis of the vola-
tile component of the reaction mixture : about 
40% of the theoretical amount of acetaldehyde 
was thereby detected as 2, 4-dinitrophenyl-
hydrazone. 

In the case of the base-catalyzed decomposi-
tion, it seems that the first step is a nucleo-

philic attack by the ethoxide anion on mercury, 
followed by the cleavage of the Hg-OC2H5 
bonds. The acetaldehyde liberated during the 
alkaline decomposition was not detected, but 
it seemed to be converted into a brown poly-
meric material by the alkali. 

As a compound closely related to mercuridi-
acetaldehyde, Nef's compound was reexamined. 
Nef11) reported the synthesis of a mercuric 
salt of vinyl alcohol by the reaction of fresh 
mercuric oxide and aqueous acetaldehyde in 
the presence of sodium hydroxide. The in-
frared examination of Nef's compound indi-
cated that the compound was identical with 
the decomposition product of the mercuridi-
acetaldehyde which had been obtained in the 

presence of sodium ethoxide. 

Experimental 

The Analysis of Mercury. -According to the 
method of Hirai and Hayatsu,17) a sample contain-

tng mercury was digested with concentrated sul-

furic acid and 30% aqueous hydrogen peroxide 

until a colorless solution was obtained. The mer-

curic ion content was determined by the usual 

Volhard method. 

The Synthesis of Mercuridiacetaldehyde.-The 

method of Nesmeyanov3) was taken, using yellow 

mercuric oxide, vinyl isobutyl ether, water and a 

catalytic amount of mercuric acetate. The crude 

yield was 86-89% (m. p. 82-83•Ž (91•Ž in the 

literature)). It was used without further purifica-

tion. The presence of mercuric acetate as a catalyst 

was not essential for the reaction, particularly in 

the small-scale preparation. The yield in this 

case was 76-80% (m. p. 82-84•Ž). However, 

when the synthesis was carried out on a larger 

scale and without the addition of merric acetate, 

a rapid exothermic reaction after some induction 

period frequently resulted in the decomposition of 

a part of the product. 

Reactions with the Aldehyde Reagents. - The 

sodium bisulfite adduct, 2,4-dinitrophenylhydrazone 

and semicarbazone were prepared in the usual man-

ner. The sodium bisulfite adduct, which was re-

crystallized from water, decomposed at 133-138•Ž; 

yield, 62%. The infrared spectrum showed a ƒËO-H 

band at 3450(s), bands of the sulfonate group at 

1140(vs) and 650(s), a sulfite band at 980(s), and 

a ƒËHg-C band at 530 cm-1. 

Found : Na, 10.3 ; Hg, 44.0. Calcd. for C2H4-

O7S2Na2Hg : Na, 10.20; Hg, 44.50%. 

The 2, 4-dinitrophenylhydrazone which was re-

crystallized from ethanol decomposed at 138-139•Ž; 

yield, 54%. The infrared spectrum showed a ƒËO-H 

band at 3300(m), a ƒËC=N band at 1620(s), and a

νHg-C  band at 588(m) cm-1.
Found : N, 11.4; Hg, 44.8. Calcd. for C10H10-

OSN4Hg : N, 11.99; Hg, 42.97%. 

The semicarbazone recrystallized from ethanol 

decomposed at 159-160•Ž; yield, 31%. The in-

frared spectrum showed the ƒËN-H bands of the 

amide group at 3420(m) and 3320(m), ƒÂN-H band 

at 1540(s), and a ƒËC=O band at 1660(s) cm-I. 

Found : N, 14.56. Calcd. for C3H6ON3HgCl : 

N, 14.21%. 

The reaction with hydroxylamine was carried out 

by mixing a freshly-prepared solution of mercuri-

diacetaldehyde (5 g.) in water (15 ml.) and a mixed 

aqueous solution of 2 g. of hydroxylamine hydro-

chloride and 2.8 g. of potassium acetate. A white 

precipitate was filtered out and recrystallized from 

ethanol. The yield was 11.4%. M. p. 115-116•Ž, 

with decomposition. The infrared spectrm showed 

a chelated ƒËO-H band at 3170(m), ƒË=CH bands at 

3025(m) and 3045(m), a ƒËC=N band at 1658(s), and 

a ƒÂ=CH band at 840(s) cm-1. 

Found : N, 4.60. Calcd. for C2H4ONHgCl : N, 

4.76%. 

The Decomposition of Mercuridiacetaldehyde in 

Ethanol.-A solution of 9.87g. of mercuridiacetal-

dehyde in 80 ml. of ethanol, after filtration, was 

refluxed for 5 to 6 hr., yielding 8.81 g. of an 

insoluble white precipitate (1.06g. of weight loss) .

17) M. Hirai and R. Hayatsu, Yakugaku Zasshi, 70, 76 
(1956).
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The volatile portion of the filtrate was found by 

gas chromatography to contain acetaldehyde ; this 

acetaldehyde was converted into 2,4-dinitrophenyl-

hydrazone in the usual manner (m. p. 163•Ž). The 

mixed melting point test with an authentic sample 

did not show any depression. The yield was 2.43 g., 

which corresponded to 0.44g. of acetaldehyde and 

to a 41.5% loss of the weight of the starting 

material. The insoluble product was found to con-

tain 77.3% Hg, and it decomposed at 200-250•Ž. 

The insoluble product (3.0 g.) was decomposed by 

an excess of a chloroform solution of bromine at 

room temperature. The chloroform solution, after 

filtration, was found by gas chromatography to 

contain bromacetaldehyde ; it was then converted 

into 2,4-dinitrophenylhydrazone, the yield being 

1.48g. (m.p. 150-152•Ž (from ethanol)). The 

mixed melting point test did not show any depres-

sion. 

Found : C, 31.05 ; H, 2.20; N, 18.38; Br, 17.01. 

Calcd. for C8H7O4N4Br : C, 31.68; H, 2.28; N, 

18.48; Br, 16.40%. 

Into a solution of mercuridiacetaldehyde (3.0g.) 

in 30 ml. of ethanol, a few drops of a solution of 

sodium ethoxide in ethanol (1 N) were added ; the 

immediate formation of a white precipitate was ob-

served. This precipitate (2.12 g.) contained 80.7% 

Hg. 

Nef's Compound. - Nef's procedure was used, 

yielding 6.6g. of the product from 8.0g. of mer-

curic chloride, 4.0g. of acetaldehyde, and 20.0g. 

of sodium hydroxide. The product decomposed at

about 190-210•Ž, changing in color from white 

to orange. It was soluble in oranganic solvents 

and in water. The infrarred spectrum is presented 

in Table I. It was found to contain 77.02% Hg. 

Summary 

Mercuridiacetaldehyde is soluble in polar 

solvents and rather instable in the state of 

solution, yielding an insoluble and infusible 

substance. The decomposition reaction has 

been proved to include the formation of 

mercuri(I)-acetaldehyde Hg2(CH2CHO)2 by the 

cleavage of one of the Hg-C bonds. On the 

other hand, mercuridiacetaldehyde reacted with 

aldehyde reagents as usual aldehydes. The 

change in the infrared spectra on these reac-

tions has been interpreted in terms of ƒÐ-ƒÎ 

conjugation, as has been suggested previously 

by Nesmeyanov. 

Nef's compound, which is considered to be 

a mercuric salt of vinyl alcohol, has been 

found to be almost identical with the mercuri-

(I)-acetaldehyde.
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