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ThE addition of mercury salts to the double bond present in unsaturated
acids was first studied by Biilmann 1 in aqueous solution and he came to the
conclusion that high reactivity is associated with the cis structure and that
trat~s-compounds do not react. He noticed that allocinnamic acid reacted
readily with mercuric acetate to forro compound (I) whereas ordinary
einnamic acid did not and hence deduced t h a t the latter had the trans formula.
Schoeller et al S employed alcoholie solution of esters of cinnamic acid and
mercuric acetate and obtained products of the type (II). On saponifying
the ester with alkali and subsequently adding acid, they obtained the infernal
anhydride of a-hydroxy-mercuri-fl-alkoxy-fl-phenyl-propionic acid (III).
Sandborn and 1V~arvel3 u s e d / - m e t h y l cinnamate and were able to prove the
formation of diastereoisomers. \Vright* compared the reactivity of cis
and trans methyl cinnamates and found t h a t the former reacted much more
rapidly than the latter and he was also able to collect usefut evidence regarding
the meehanism of the addition.
Schrauth and Geller5 and Matejka 6 employed boiling alcoholic solutions
of cinnamic acid and mercuric acetate and isolated compound (III). Quite
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reeently after the work described in the present paper had been completed,
Loon and Carter ~ recorded some interesting obseIvations on t h e effect of
impurity in the acid and the time of reacticn on the nature of the
product.
In the previous papers of this series, 8 it was shown that mercuric acetate
can, besides adding to the double bond, mercurate the benzene nucleus also.
The carboxylic acid forro (IV) was frequently met with and the methoxydihydro-compounds produced by the action of hydrogen sulphide were found
to be rather unstable. W i t h a view to get more information on these aspects,
the action of mercuric acetate on cinnamic, p-methoxy-cinnamic and orthoand m.eta-nitrocinnamic acids has now been investigated in detail.
On mixing cold methyl alcoholic solutions of cinnamic acid and mercuric
acetate, the mercury salt of cinnamic acid immediately separated out a s a
mass of colourless needles. These slowly dissolved even at the temperature
of the room and compound (III) was formed as big rectangular prisms. The
change was much quicker at the boiling point. Using very pure cinnamic
acid we noticed no change in the chemical composition of properties on
allowing the product to stay in the mother liquor for over a week. But even
very small quantities of impurities produced definite changes in t h e solubility
of the product though t h e y were not so large as observed b y Loon and
Carter.
With equimolecular proportions of p-methoxycinnamic acid and
mercuric acetate the mercury salt was immediately produced b u t it underwent very rapid conversion into the addition product. Even this could not
be obtained pure since at the same time mercuration also took place to some
extent.
Therefore using excess of mercuric acetate the final product of
addition and mercuration (IV), a : 3 : 5-triacetoxy-mercuri-fl : 4-dimethoxydihydrocinnamic acid was obtained. Analytical results agree with the
carboxylic formula. The positions of the acetoxy-mercufi-groups ate
assumed following the usual orient.ing inflvence of the methoxyl group.
On
adding dilute sulphuric acid to a solution of the substanee in sodium hydroxide,
sulphatomercuri compound (V) was formed whereas with dilute hydrochloric acid it formed 3: 5-dichloro-mercuri-4-methoxy-cinnamic acid (VI)
in which the addenda had been removed. These derivatives were useful
in confirming the constitutiou of the mereuration product. The use of
hydrochloric acid easily enabled a distinction between nuclear mercuration
and addition at the double bond to be made since it invariably removed
the addenda whereas sulphuric acid had no such influence.
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m-Nitrocinnamic acid forros the mercuric salt in the cold immediately.
This is quite stable and undergoes no change on long standing, whereas on
heating, it slowly dissolves and forros the anhydride corresponding to (III).
There is no mercuration, o-Nitrocinnamic acid does not react in the coid
probably due to its low solubility in alcohol and the consequent high dilution
of the solution, and on heating forms a similar addition product. No nuclear
substitution could be expected since to the already inactive cinnamie aeid
the deactivating influence of the nitro group is added.
On treatment with hydrogen sv.lphide in alkaline solutions the methoxymercurials yielded the eorresponding fl-methoxydihydrocinnamic acids
(VII), all the acetoxy-mercuri groups having been replaced by hydrogen
atoms. These compounds were stable and were unaffected by prolonged
treatment with dilute acid and alkali in the cold.

~f
0CHa
A--~tands for H. OCtI~ or NO2
group in the benzene nucleus.

(Vil)

Experimental.
Para-methoxy- and ortho- and meta-nitrocinnamic acids were prepared
from methoxy-and nitrobenzaldehvdes by condensation with malonic acid
using pyridine as catalyst2
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Action of mercuric acetate.
1. On cinnamic acid. Mercuric ci7,~namate.--The acid (2g.) was
dissolved in methyl alcohol (20 c.c.) and treated with a solution of mercuric
acetate (4 g.) in methyl alcohol (50 c.c.) to which a few drops of acetic acid
had been added, A bulky preeipitate consistillg of colourless fine ner
was produeed immediately. Ir was fittered and washed with small quantities of methvl alcohol containing a little acetic acid. Ir then melted at 194 ~
with sintering at about 160 o.
(Found : Hg, ~1.2 ; C, 4.3.1 ; ClsiI1404Hg
required IIg, 4 0 . 6 ; C, 43.7~£
When treated with aqueous sodium
hydroxide it underwent decomposition to produce mercuric oxide and on
adding dilute sulphuric acid to the alkaline mixture pure cinnamic acid
could be isolated.
Anhydride of a-hydroxymercuri-~-methoxydihydrocinnamic acid ( I H ) . ~
W h e n the mercuric salt was not filtered off and was allowed to stay in the
mother licluor ir underwent veIy slow conversion at 0 ~ C. b u t a t the temperat u t e of the room (28 ~ C.) ir went into the solution again rather rapidly. Ir
the volume of alcohol was sufiieient a clear solution was obtained in the
course of two hours and subsequently the more sparingly soluble compound
(Iii), was deposited as colourless long rectangular rods. Even though with
the volumes of alcohol mentioned in the previous experiment, no clear
solution could be produced, the conversien was satisfactoIy and the anhydride
was obtained pure in the course of 24 hours. After fittering and washing
with methyl alcohol containing a little a'cetic acid the product melted at
212 ~ with decomposition. (Found : tIg, 53.0 ; C, 31.3 ; Cx0H10OsHg
required Itg, 5 3 . 0 ; C, 31.7% .) I t was easily soluble in chloroform and
could be got into solution in aqueous potassium hromide by repeated treatment. Ir dissolved in aqueous sodium hydroxide without producing any
trace of mercurio oxide and on acidifying the sohltion with dilute sulphuric
acid ir was reprecipitated.
When aqueous hydrochloric acid was used
instead, mercury was eliminated and cinnamic acid was liberated.
Compound (III) could be obtained more readily by heating the solutions
as follows : cinnamic acid (4 g.) was dissolved in hot methyl alcohol (16 c.c.)
and mixed with a similar solution of mercuric acetate (8 g.) in methyl
alcohol (50 c.c.). A bulky precipitate of mercuric cinnamate was formed
immediately. It however went into solution in the course of 10 minuto8
when the mixture was heated under reflux on a water-bath and the anhydride
began to separate pure after another 10 IInnutes. The heating was stopped
after half an hour, the mixture allowed to stand overnight and the product
filtered and washed with methyl alcohol. The yield was about 9 g. and the
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in alI respects with the sample obtained in

In one experiment the mixture was allowed to stand for a week
and the solid product was isolated. Ir had undergone no change in its
composifion or properties. When a sample of cinnamic acid which was
slightly coloured was employed and the Inixture allowed to stand for seven
days the composition was practically the same (Found : ttg, 52.9%) and its
solubility in potassium bromide was also practically unchanged, b u t it did not
dissolve completely in chloroform and ir left behind a small insoluble residlle.
With a view to examine the possibility of mercuration, cinnamic acid
was boiled in methyl alcoholic solution with 4 molecular proportions of
mercuric acetate for 40 hours, ttowever the same anhydride (III) was
obtained and there was no mercuration of the benzene nucleus.

[3-Methoxydihydrocinnamic acid.--The mercury compound (2g.) was
dissolved in normal sodium hydroxide solution (20 c.e.) and hydrogen sulphide passed into it till all the mercury was preeipitated as the sulphide
(89 hour). After allowing the mixture to stand overnight the sulphide was
filtered off and the clear filtrate acidified with dilute sulphuric acid. The
solid that separated out in a crystalline fonn was recrystallised from hot
water. It was obtained as colourless prisms melting at 97-8 o. (Foulld : C,
6 6 . 3 ; H, 6 . 5 , C10HloO3 required C, 6 6 . 7 ; H, 6.7%.)
The methoxy acid
was readily soluble in all solvents and was unaffected in the presenee of dilute
aeids and alkalies for severat days.
2. On para-methoxy-cinnamic acid.--Whell cqui-molecular proportions
of the methoxyeinnamic acid and mercu¡ acetate were mixed together
in methyl-aleoholic solution in the cold the mercuric salt was immediately
formed. But ir underwent change so rapidly into the addition product
that ir could not be obtained pure.
Ir decomposed at 161 ~ and
reacted with aqueous sodium hydroxide to produce mercurio oxide,
but on further adding sulphuric acid the methoxycinnamic aeid that
was recovered was contaminated with a little combined mercury.
In the eourse of 15 minutes the mercurie salt underwent complete transformation into a new product which decomposed at 204 o. When ¡
and washed with alcohol ir dissolved in aqueous alkali to give a elear solution
and most of the mercury was removed by adding hydrochloric acid. The
methoxy acid t h a t was obtained contained some mercuty due to nuclear
mercuration. The solid product was therefore mostly the addition compound
with a portion t h a t had further undergone mercuratioll in the benzene
nucleus.
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a : 3 : 5-Triacetoxymercuri-fl : 4-dimethoxy-di]o,drocinnamic acid ( I V ) . - This was obtained by heating the aeid with 4 molecular proportions of
mercuric acetate as follows : the methoxy acid (5 g.) was dissolved in methyl
alcohol (50 c.c.) and mixed with a solution of mercu¡ acetate (30g.) in
methyl alcohol (150e.c.). No solid separated out in the cold as before.
The mixture was heated under reflux for about 20 hours. E v e n then no
solid was formed. It was only on adding more methyl alcohol to the solution
after eooling that a crysta!line looking solid was obtained. After the addition
of suffieient amount of alcohol the product was filtered and washed with
alcohol. It was then found to be very sparingly soluble in all organic
solvents and to decompose at 181 ~ (Found : H g , 61.6 ; C, 20.7 ; C17HmOxoI-Ig3
required Hg, 61.1 ; C, 20.7~ ) It readily dissolved in aqueous sodium
hydroxide to forro a clear solution which deposited a colourless solid on
adding dilute sulphuric acid. After filtering and washing repeatedly with
water it was found to decompose at 223 ~ and to correspond to fornmla (V).
(Found" Hg, 66.2; CuI-IloOsHg~S required Hg, 66.6%.) Ir, on the other
hand, the alkaline solution was acidified with dilute hydrochloric acid a
different compound was obtained decomposing at 204 o. This corresponded
with 3:5-dichloro-mercuri-4-methoxy-cinnamic aeid, the addenda having
been removed by the acid. (Found: Hg, 62.4; C10HsO3Hg~C12 required
Hg, 61.9%.)
fl:4-dimetho.~ydihydrocinnamic acid.--By passing hydrogen sulphide
into an alkaline solution of the above triacetoxy-mercuri-cGmpound all the
mercury was precipitated as the sulphide and filtered. On adding dilute
hydrochloric acid, the dimethoxy-dihydrocinnamic acid was obtained as a
crystalline solid which on recrystallisation from hot water appeared as
colourless elongated needles melting at 144=45 o. (Found : C, 62.6 ; H, 6.4 ;
CltH~40 * required C, 62.9; H, 6.7O,/o.) The compound was qnite stable
in the presence of aqueous alkali and dilute hydrochloric acid.
3. On meta-nitrocinnamic acid. The mercuric s a l t . ~ O n mixing methyl
alcoholic solutions of the acid and mercuric acetate in the eold a bulky
white precipitate was formed immediately.
It was very sparingly
soluble in the solvent and did not undergo any change over long
periods.
A sample of the salt collected after allowing the mixture to
stand for 4 hours decomposed at 189 o. I t readily gave mercuric oxide on
t r e a t m e n t with aqueous sodium hydroxide and the pure cinnamic acid was
reeovered on further addition of dilute sulphuric acid. (Found : I-Ig, 34.7 ;
C~8I-I13OsHg~T2 required Hg, 34.3%.)
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Anhydride of a-hydroxymercuri-fi-methoxv-3-nitrodihydrocinnamic acid
(eorresponding to I I I ) . - - I f the alcoholic solutions of the acid and mercuric
acetate were hcated under reflux after mixing, the precipitated mercury salt
redissolved and in the course oŸ hall ah hour a fresh compouud begau to
separate. The produet was collected after heating for 10 hours and washed
with methyl alcohol. It was found advŸ
to discard the first precipitate
formed during the first b a l f a n hour as ir was rather impure.
The pure
compound decomposed at 213 o. (F(mnd : I-Ig, 47.8 ; C10i-IgOsHgN required
Hg, 4'7.4%.) I t dissolved in alkali to forro a clear solution and was reprecipitated on addiug dilute sulphuric acid. \Vith dilute hydrochloric acid the
addenda were removed and meta-nitro cinnamic acid was obtained.
The same addition product was obtained on boiling the nitrocinnamic
acid with a large excess of mercuric acetate for over 40 hours. No mereuration of the benzene ring could be noticed.

~-Methoxy-3-nitrodilLvdrocimmmic acid was obtained in the usual way
from the above mercury compound b y the actiou of hydrogen sulphide.
\Vhen recrystallised from hot w a t e r ir appeared as pale yellow ueedles
melting at 117-18 ~. (Found : C, 53.2 ; I-I, 4 . 8 ; C10HnOsN required C,
5 3 . 3 ; _TI, 4.9%.) The compound was easily soluble in all the common
organic solvents and was quite stable in the presence of dilute mineral aci,~
and alkali solutions over long periods.
4. On orthonitrocinnamic acid. A nhydride of a-l~ydroxymercuri~-methoxy-2-nitrocinnamic acid.--Ortho-nitrocinl~an-ic acid is rather sparingly
soluble in cold methyl alcohol and consequently there was no reaction
with mercuric acetate in the eold probably due to the low concentrations
of the reactants. However on boiling the nitrocinnamic acid with excess
of mercuric acetate in methyl alcoholic solution for about 30 hours,
a good yield of the addition product (anhydride) was obtained.
Ir~ this
case alsothe first precipitate was filtered off and discarded. The substance
decomposed at 215 o. (Found : Hg, 47.5 ; N, 3.5 ; C10I-tgOsHgN required
Hg, 47.4 ; N, 3.3%.) Ir behaved quite similar to the meta-nitro-compound.

fi-Methox'v-2-nitrodihydrocinnamic acid obtained from the above compound crystallised from hot water as yellow rectangular plates meiting at
151-£ ~ and was very similar to the 3-nitrocompound in behaviour.
(Found : C, 5 3 . 6 ; H, 5 . 0 ; C10i-InOsN required C, 5 3 . 3 ; I-I, 4.9%.)
Summary.
The action of mereuric acetate on cinnamic acid; p - m e t h o x y and o- and
m-nitrocinnamic acids in methyl alcoholic solutions has been examined.
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In general t h e y f o r m a t first the mercuric salts which subsequently undergo
f u r t h e r change. With cinnamic aeid there is no mercuration of the benzene
r i n g ; only addition at the double bond takes place and the produet has the
anhydride forro. In the cold Ÿ243
acid undergoes mainlv
addit~on whereas on heating with excess of the reagent two acetoxy-mereuri
groups further enter the nueleus. The eompound has a ffee earboxyl group.
The nitroeinnamic acids do not undergo mercuration; they forro addition
compounds only on heating and these have the anhydride structure. All
the methoxymercurials yield fl-methoxydihydroeinnamic acids on t r e a t m e n t
with hydrogen sulphide and they ate found to be stable in the presence of
cold aeids and alkalis.
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