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SYNmEASIb OF ORGAKOMERCURY NITRCCOMPOUNDS —-
— RFPORT I. MERCURARICN OF ARCMATIC ARD _
" HETEROCYOLIC COMPCUNDS BY DITRINITROMETHYI-
SRR | MERCURY
- USSR -

/§01‘0W1ng ¢g a translaticn of the article
entitled YSintez rtutnoorganicheskikh nitro-
'soyedlnenly -=~ Sochshcheniye I. Merkurircva-
niye ruutnoy gol'yu trinitrometana aromati-
chegxwkh getérotsﬁyllbbnsklhh soyndlnenlv"
Fnglish version dbave) by S. S. Novikov,
T. I. Godovikeve and V. A, Terx takovskiy in
Isvestiva ikademii Hauk S8SS8k, Otdeleniye
RLimicheskikh Nauk o tewsol the Aca-
deny of “nlences USSR, Depa“tmengbf Chemi~
ca2)l Sciences), No 3, Mescow, MaPch 1960,
pages 505-512.7 S |

2

_ The mercuration reactiocn cccupies an important
vlace among the methods of synthesis of aromsti” organc-
percury compounds. The conditions for the reaction
vary widely with relaticn to the siructure of the arom—
atic compouné, and both mercuric oxide asnd its derived

salts are used ss mercurating agents. {(1). However,

- there are no deacrlptlons in tke literature ¢f any at-
tempt to use the mercury (II) salts of nitroalkanes as
mercurating agents. It could be assumed that the mer-
cury (II) salts cf the scidic form of nitroalkanes
would be inclined to enter a mercurating reaction ac~
cordlnv to the generzl scheme .

ATH + HgX, % AvHgX + HX.

The yre;ent work was beéun by us with the study
lof the mer curatlng ability of dlt 1nitromethy1mercury
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tautomeric conversion 1nt$*§
especial egse. Ditri- ,
ﬁitrc&ethvlmervury Wis sy“thesi&ud by Ley and e
Kisgsel (2} by the ac tlcr sn ethyl ether sciution of
rinitroznethane upon I“eobiy oI cpnrea ne rvuxlc oxide

“’"Jk")

2 CH(MU,)5 + Hgoﬁﬂﬁ'[C(ROe}z72Hg 4+ Hy0.

yformation evailadble from the lwtebature i8 Pelat=
marily tc the sbility of this mercury s=2lt to
n two muﬁuallv trﬂn:fernir; forus, {(2-4)
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In the crystalline stste, as well as in unon-pslar sol-
vents, ditrinitromsthylmercury is an organometallic com-
pound (I,.. In aleohcl this organine tallic coampound is
in eguilibriuvm with jt~ izomeric form (II), whick is a
derivative of the acilic form of trinitromethane. n
very dilute squecus solulions the mercury szlt is cowm-
ﬁ1ete 1y converted into a derivative of the secidic form.
¥While investigating the possibility of using the
ditrinit romethviuevcu ¥y salt for the mercurstion react-
ien, we decided %o utudy more extensively its phv ical
end ¢hemi &l properties This salt can be obtained, as
it was by us, by the reactlon of trinitroumeshane with’
mercuric oxide, not only in etr°r but in water and alcoh-
‘ol as well., The -;esh¢? prena ﬁyrcuwlu salt decom=
poses, without welting, at 200~ “bE Upon its storing
both in the dry state and slso in etne~ solution, “ﬂrt-
ial decomposition of the salt takes place. The solut-
ions in zleohsl and water are more steble, and in such
solvents the mercuric selt can be stored for several
nopths Tpon ebmlyirg heat to its butsyl ather uOlLth“
the dﬁcomnos*tzqn of ditri rltr0ueuhvhnercu“v that_occurs
is tavmlculazly obvicus at temrerstures above lu“ « A48
result of &ecomnosltﬁc¢ & F”C”‘Dlt ate is formed, which
inscluble in organig sclvents, water, or dilute min-
acids; at ;4C~1£4 it decomrcues explosively with
liberation of metallic mercury. The characteristic
:1itative reaction of mercurous salts is obtained upon
stment with a dilute asgueous solution of pot3551u“
vdroxide, emmonium hydroxide, or votzssium iodide.
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Potassium trinitromethane and mercuric oxide are~} -
"formed in the reaction of KOH with the mercuric salt of
trinitromethane

vﬁgﬁ(2302)5_72 + 2 KOH —» 2KC(NOp) 5 + Hgl + H,0.

Potassium iodide decomposes only very slowly (in the
course of two weeks) ditrinitromethylmercury according
_*to the-equation : C :

Bg/C(N0,) 5 7, + 2 KJ—>= 2KC(NOp) 5 + HEJ, o

The present work inciuded the investigation of
the action of ditrinitromethylmercury upon a number of
aromstic and heterocyclic compcunds: bemzeme, toluene,
spisole, dimethylaniline, furan, thiphene, pyrrole, &nd
N-methylpyrrole. It was found that, upon the mercura-
tion of these compounds by ditrinitromethylmercury
{(with the exception: of the pyrroles), monco-mercurated
derivatives are formed with a yield of 30 - 70 %

RE + Bg/T(¥0,)5 7, = REEO(NC,); + HG(N02)5 .

The mercuration of temzene and toluene is carried out

with an excess of these rasgents at 80  in the course

of 3 - 5 hours; anisole, aniline, and N-dimethylaniline
in algohol at room temperature (in the case of anisole,
at 80" ); furan and thiphene ~- in moist ether at room
temperature. In the mercuration of zvisole and toluere
o~ and p-iscomers were isolated. ‘ :

, Ditrinitromethylmercury dves not react with ben-
zol in either aquesus or alccholic sclutions. This

fact, apparenily, could be explained as due to the exist-
erce of gn eguilibrium iu the presence of these solvents
petween ditrinitromethylmercury znd its hydroxide (alkox-
ide) along with the formation of the scidic form (5)

Hg/C(NO,) 5 7, + BOH &= ROEEC(NOZ)y + HC(NOR)s

Free trinitromethane, forsed during this process, is a
strong acid (6) and retvards the progress of the benzene
mercuration reaction, which, a3 is known (1), reguires
very specific conditions. On the other side, the ap-
pearance of a faint yellow coloration during the dissol=
ption of ditrinitromethylmercury in moist benzre ([ﬁotg?LJ
- ‘ ,

¥
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zmoist benzene is used in the reaction) indicates the -»~1
formation of the acidic feram of the mercuric salt, which
is in fact the mercurating agent. ~
In alcoholic solution, the presence of free tri-
nitromethane does not interfere with the reaction be-~
tween ditrinitromethyimercury and aniline, dimethylani-
line, or anisole, because aminc~ and oxy-derivatives of
benzae reset easily with mercuric saits (1),  The mer-
~curatien of furan or “thiophene by ditrinitromethylmer« o
cury in aqueous or gicoholic solutions gives rise %o ‘
a considerable amount of resinous matter in the react-
ion mixture, and the yield does not exceed 5 - 10 %;
carrying out the reacticn in moist ether solution
results in a yield of ~30 % of mono-mercurated com-
pounds. :
Attention is called to the fact that upon .the
mercuration of aniline by ditrinitromethylmercury, &
hydrogen of the aminc group is replaced by mercury

HeNH He /G(N0L) ;7o HHECLNO,)
CeHoNH,  + Hg/G(R0,) 5 75 ~—> C H-FHNEO(N0,) 5 +

with the simuvltansous mercuration of the aniline ring
by the acebate of mercury (7). In the case of Nedimeth-
vylarniline the reaction product is p-trinitromethylaer-
curcdimetayianiline. : .

The mercuration products formed, after removal
of solvent, are carefully washed with water to remove
an excess of ditrinitromethylmercury and free trinitro-
methane, which latiter compound was formed during the
resction. It is interesting to note, that under the
mercuration conditicns selected by us the formation of
poly-mercurated compounds was not cobserved. The mono-
mercurated compounds obtained dissolve readily in al-
cohol (except for the derivatives of amiline asnd di-
methylaniline), in azcetone, snd in ether, but are mnot.
sotuble in water, and aluwost all the mono~-mercurated
compounds melt with decomposition. . v

' Trinitromethyiuercucoalkanes forw, by the act-
ion of bromine in an alcohol solution the correspond-
ing mercurcbromides and bromotrinitromethane

2

Corcentrated hydrochoric acid converts the trinitro~
~Lm@thylmercuroalkanes.1ntc mercurochlorides and the

RAEC(N0,) + Br.—> BHEBr + BrO(HO,)s .
‘ Z - et
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EXPERIMENTAL PART _ : - .1

Synthesis of. ditrinitrcrmethylmercury

2 cE(NQE)B + Hg0 ~> (¥0,);CHEC(KC,); + B0

To 16 gum (0.07 ¥) of freshly prepzred percuric
oxide in 50 ml of ether /Sse Note/ small portions of an
ether solution of 20 gz of trinifremethane (0.13 M) sre T
added, which additiog is accompanied by en incresse of
tempersture up to 30 . The rescticn mixture is stirred
for 15 minutes, and then the ether soluticn is filtered
free of the unreacted mercuric oxide. Etner is evapor-
ated and ditrinitromethylmercury sppears in the form of
a precipitste cf viscous, .light-yellow oil, which crys-
tollizes within 5 - 6 hours. The crystals are separated
from the oil by a porgus {ilter; the decomposition tem-
perature is 200 - 205 ; end the yield is 26.5 gn (80 %
of the theoretical yield). Ditrinitromethylmercury
dissolves readily in water, alcohol, chloroform, acet~
one, benzene, ethyl scetate, and’ acebtic .acid, but is in-
coluble in petroleum ether, hexane, and isooctane.

(/Rote/ The quantitetive yield of ditrinitro-
methylmeTcury can be obtained from aqueous or alcoholic

" solutions.)

Trne reactiorn of ditrinitroemethylmercury with
benzene

.\‘ \
+ Hg/C(¥0,) 5 7 ""'ﬂ
() 272

#

_ﬂgc(h02)5 . HC(N02)5

Five gm of ditrinitromethylmercury is dissolved

in 20 ml of benzmé and three ml of ether /See Note/.
. The solubior is filtered to remove the negligible amounts

!.—.

(50 - 10C nmg) of inorganic byproducts {products of the
decomposition of the mercuric salt) and is kept upon
& water bzath for five hours at a tempserature of 85 -90".
After the heating is completed, the hot solution is
filtered; upon cooling, there precipitates colorless
erystals of trinitromethylmercurobenzene. The crystals
are filtered off and washed a few times with water. An
additionsl 0.5 gm of trinitromethylmercurcbenzene can

be obtained upon removal of benzene from the mother
liquor at a2 pressure of 250 mm down to & - 10 ml of tlfni:“J

- 6‘




“solution. The total yield is 2.5 gm, which is 58.5 % 1
of the theoreticsl. After recrystallization from ccl# '
two gm of trinitromethylpercurpbenzene are oblained;
its meliting point ie 146°. These values were found: -

C =~ 19.96 %; 19.90 %3 B -~ 1.33 %; 1.30 %; B -~ 9.71 %;
0,71 %. C HE O Hg. These values were calculated: '
C w= 19.70 %; H == 1018 9‘7‘; &z’-‘?d N - 9085 %o :
v For a confirmation of the structure of the tri-
. nitromethylmercurobenzene thet was obtained the follow- __
" ing reactions were carried out. -

The reacticn of trinitromethylmefcurobenzene
with potassium iodide :

CeHgHEC{0,) 5 + KJ ~—>=CHgHT + KC(NOy)z

 To & solution of one gm of G H5HEC(NOz)z in five
4l of scetone there is added a hot Solutlon of C.4 gan
of X3 in Tive ml acetone; there iz formed immediately
silvery crystzis of mercurcbenzene iocdlde, which is
Iilgered and re-crystallized frem bLenzeneé; Hy Ds ==
265%. The literaturs date (9): m. p. —- 2667,

The resction of trinitromethylmercurobenzene
: with bromine ‘

+  Bry ¥ O HcHgBr + BrC(NOa)B
Po & solution of three gum of CLE HgC(EOE) in

15 ml of chloreforn a sclution of broﬁi e in Bchlar-
cform is slowly added at room temperature until the
rou-fading color of bromine gppears. As & measure of
the addition of bromine there is a precipitation of
mercurobenzyl bromide; it is filvered and re-crystal-
lized in a2 mixture of slgobol and benzene (1l:1);

the melting poigt'is 275 . Data from the literature

- {(10)}: m. p. 275 « From the chloroform solutior it is
also possible bo exirect bromstrinitromethane with a
boiling point of 69 (st 20 mm); 20 i The
data from the literature gives: =D -~ 1.4899. -
(11.} bopﬁ ——— 68 (3.‘5 2’:’ m ; ng(} = 1.&_9030




! The reaction of trinitromethylmercurobenzehe ' 1

witn concentrated hydrochloric acid

Cgﬁsﬂfic(ﬂﬁg)-5,+"§Cl“’-*"'06ﬁ5'}1§§01 + HO(EC,) 5

: Cre gm of C.E ch(ﬁ02}5 is heated fop five win-
ptes with concentratéd FEClL. During the heating - - - -
mercurovhenyl chloride is formed, which 1is filtered, .

“ washed-with water aud re-crvstallized in gicohol: -
DT == 2520. mhe literature data (12): m.p. ~-- 2520.

fhe reaction of trinitromethylmercury with
toluene .
loiuene

+ ._/_':(3;102 ) 59,7238 e

.

N

v

, mhe mercurstion cf toluens is carried out under
ne same conditions ss for the mercuration of benzene.
Tre reaction mixture is heated for three hours, after '
which it is filtered and the excess of toluene is dis-
tiiled off at 10 mm of pressure to & remaining volume
cf ~5 nl. Tne precipitated crystals of p~-trinitro-
- methylmercury are zezparated out, waskhed with water,
air-dried, agd re-c¢rystallized in carbon tetrachlorides
m. p. == 1497 . These va_.ues were found: § =- 21.45 %3
: 5197 Gy B - 1.7G %3 1.73 %3 N -= 9.4% %5 9.59 %.
CQH7Q6N3Hg,;_T?ese values vere calculated: C -=21.75 %3
B -4 1.5C %3 and ¥ —-- 9,51 %. . v
After adding water to the toluene solution color-

1ess crystals of o-trinitromethyluercury are separated
out with a m. p. of 126°. The total yield is 51.5 % of
{ the theoreticel. The values found: C -- 21.98 %; 21.9#%;




I — 1.99 %; 1.76 %; N —— 9.65 %; 9.79 %. Cgh,0Nzlg. A
The values calcviated: C -~ 21.7% %3 -
E -= 1.50 %: and § -- 9.51 %.

fne resction of o~ snd p-trini tromethyltolylmer-
cury with pogassium chlozide

ey
O - B i

. When an aloocholic soiution of 9-98506H4HQC(N02)3

is trested with an eguimcleculer awmount of ECl, crystals
of p-tolylmersury chloride precipitate. The melting
point, efter reerystallizatics from zlcohol, . is 238

Phe 1iterature dava (i3): . p. -- 238 = £239°. In the
resction between sn alcoholic solution of :

o-CH Ceﬂﬂﬁgﬁ{ﬁepA‘ with K£1 a precipitate iz no%

farméd since thE éorresponéing chioride is reasdily sol-
uble in alcobicl. After the removal of solvert, o-tolyl-
mercury chloride is sepsrated oub and recrystalliized -
from 50 % alcohol; k. ps =~ 145 - 1467, The literature

dats [14): m. pe —— 145-1467.

So

+3

he resctior of ditrinitromethylmercury with
gniscle :

+ HE(O(NO,)5) 57 0()~0 006, FE0(N0,) 5 +

C H-OCH
4 -
ol

- \H

A solution of five gm of ditrinitromethyloercury
in sever »1 of alcokol contsining two ml of anisole is
naested for 30 minutss on & water bath up %o beiling.
sfter the removal of alcobel, there rerains a light-
yeilow oil, which crystailizes within 2 - 3 hours coum-
pletely. The crystale are washed with water and air-
dpried. A4s a result of the resction, a2 mixture cf o-
and p~trinitromethylanisylmercury is formed; the isom-
ers are seperated by recryztallization fromx 50 % alcch-
61, in which the p-isomer is easily solubie. The melt-
ing point of o»trinitrometnylanisylgercury, after its
recrvystalliization from CCL, is 114 (with decomposi- -
tiony; the p-isomer had 2 Zielting point , after recrys-
tzllization from CCl, of 101~ {with decomposition). ‘

The total yield is 41 % of the theoretical. These val=-
| ues were found: C --— 20.68 %3 29.8% %3 H —- 1.36 %;

-g -




erd N - 8"72 %; 8.8% %

- 08.3—-672‘ Hgo ’
99 %3 H == 1.69%; and

(A

nl& %‘?a

s A b

The reaction of o~ and petrinitrozethvianisyi-
nercury usthApotasolum cnlorice

VCT-wwo{p\ meomwt*e

O(D) CL L'Cr
from text, P ,,,.07

h{‘\‘ir 5

e
:'J'u

tion between o- and Oi}O 644 Y

conducted under the sane Cﬁ‘“li_OT" as for
derivatives of tolucne.: the case

T o oy
he reac 3)5

with ¥C1 is=
the Cﬂ”PeSDOﬁdiL
¢f the p-Cer rvaunvv the.

point oi 55 m slcohol}; and the c=-Ch hioride ==

174 - 175 (fr m fO % slocoliol). The ¢1terannée data
for the p-isomer gives 5 melting peint of 239 (17),
the melting point of o-an *avlmcrc 1Ty (16 is 17+~l75

l'tion of 2.5 gm ¢f aniline (0.027 M) in
clutior of five gm of ditrinitro-

1mm¢ilatelJ, which is filtered off
e, ai coh JJ., and ¢ ather €
reaction if heated decomposes with=
i the yield is 2.6 g (5 % of the
" alues were feund: C -— 18.96 %3
1,“,0 ﬁl’ :-' - }» 67 76 iR C,?.. 6(165." }.19:0
‘were cslculated: C —- 18.98 %3 H —-- 1.36 %.

(/R Nots/ Alcohol is used Lo remove the trinitro-
methylaniiine, which is iy obtained by the aciion
of equlmole"u’ar 4n&nt1+1es of trln;v~omeuh
line in ether. The sglt is a yellow CIy ;stailine sub-
stance, insoluble in ether, arq in cold water, but
ily szl ubxe in alcohol; at 120

g.—-

Coe Note/.

theoretical).

chloride obbained h s a8 melting

5 ul of alcoheol is added. The yellow
ate

These values

e and ani-~

eaﬁ-
it decomposes violently.)

A
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The resction of K-trinitromsthvimercuroaniline
with potassium c¢hloride '
C h NHHgC(HC,)z  + EC1—C_H.KHHeCl + KC(RC,)
| } i soluticrn of 0.3 gu c,,h?z HeC KC,dz dn 25
tl of alcohol is hested to beiling amd an slcoholic
sotuticn of 0.06 gm of ¥C1 iz added. The heating is i
:ontinue“ for 30 minutes, durins whickh iz'e a rowdnﬂ*
srecipitate is formed. Tre product obbaired is identi-
:al in properties to K-c ﬁlcrﬁmercu*ﬁaﬁlline,~ss described
Bl t-}*e l.l.‘t-(;l t‘*,rﬁ (1?}11 'oe .
The reazciion of ditrinitrom hv*mexcury witi
L~-dimethylaniline

E(CE.) N{CH,)

y T2 ;g 372

) T+ Eg/TiNOL) T .

FoRel0N0,) 5 > & HC(ED,)
.I
* S WO AU
| ng(me);
To 2 sclution of five gu of ditrinitromethylmer-
ury in 15 rl of zleovhol sn alceholic solution of 4.8
1 of dimethylaniline {(1:1) is added. fhere is an
mmediate asppearance of yellow vrecipitate, which is
iltered off and carefully washed with slcchol to re-
cve the trinitremethyl salt of didethyianiline. The
gaction product, trinitromethyl: ﬂrcurﬁdlmﬁt hylaniline
s insoluble in water, alcchol, and ether, but is rsad-
1y scluble in acetons. ‘Ire substance is ﬂ”r¢*1eﬂ by
dding water o its acgtone sol tlon. it decomrrﬂes
ithout melting at 110°. Tne product of mercuraticn is
rsteble for storage.
The react1og of p=trinitromethyicercurcdimethyl-
sniiine with potassium chloride

rt w7 T We - . \
953)2m_ nfv(gﬁg,j + hcl““i’(c.i)eﬂ HgCl  +

Cn the addition

KC1 to C.4 gm of p-tri

of ap aqueou% sol

v.-\
utior of (.07
trCmeou imercurodivethyl~ |

———

11 .
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| — ‘

‘ i aniline in 10 ml of acetone, white crystals of p-chlor:-],
omercurodimethylaniline are precipitated, which ¢ re-~
crystallized from chloroform; m. p. == 225 - 225 {(with
deq&mposition). mne literature date (15): m. p. ==

\

225° {with decompcsition)

. The reaction of ditrinitromethylmercury with

| furan ‘
i e ! He/G(NCL), Z = G—F.H ”(*{O ) : B
). + He/ Cy }‘Z : ‘(5/ gL D 2’3 +

£ x

T6 an ether solution of five gm of ditrinitrometh-
vlmercury 3.7 em (six-fold excess) of freshly prepared
furan is sdded. In half an hour the reddish~-colored
resction zixture is poured into 3C ml. of water. After

.. +%he removsl cf ether and the excess furan, trinitro-

. methyl@ercurofuran appears as & viscous oil, which crys-
tallizes quicziy. 7The crystels are washed with water,

~air-dried and recrystalaized from CCl,3 the temperature

. of decomposition is 1207; the yield is 29 % of the theor-
eticel. These values were found: § -- 14.79 %; 14.71 %;
CBHBO-WzHg. These veluss were calculated: € —- 14.38%;
Bo-2 6.56 %; and N =- 10.01 %. | T

The reacticn of trinitromethylmercurofursn with
potassium chloride

C,EzCHEC(NCy)5 + KOL-—>C HzOHgCL .+ .'KG(NQE}B
To an slcoholic solubion of C H;CHEC(NO,)5 an

equivalent amount of ECl is added. The crystalline pre-
civitate of &K~ furylmercury chloride forms immediately.
which, after_recrysiallization, exhibits a me%ting
point of 151°. The literature data (18): 151" .

The reaction of ditrinitromethylmercury with
thiophene

Bg/C(NO ——t |} HC(NG
U+ L0057 (:;\ oy s

‘-.-n

I




. The mercuration of thiophens by d}trinitreaethyfq
mercury is conducted in the same manner as for furan.
Trinitromethylmercurotnlophene” , afteg recrystalllzatuni
from CCl,, had a melting point of 1157; the yield is

28 .% of éoe theorPulcal. These values we"m found:

N == 9.75 %; 2.8%%. Cru~u6N3Egug This value was cal-
culated N - ,.68 %

-=~The rezction of dltrwnltromvch l&ercurv with
vyrrele and with W-ac*hylnyrroxe

The reaction with eqv1n01ecu‘ar amounts of di-
urﬂnltromathy Lmercury and ﬂyrro;g (or N—metny¢pyrrole;
in an alcocholic soiution at - 10 leads to a formation
of & yellow precipitate, which must be guickly separat-
ed from the reaction mixture, which contains trinitro-

methane, because the product becomes résinous under
the acglon ¢f =cids The substance oh*alugd decomposes
at 122 ’h-ﬁe+hy?nyero le decomposes al 1177); it does
‘not dissolve either in water nor in organic solvents.
‘Both compoundes give the Ehriich reaction.

Convlus1ons

1. Ditrinitrometh v‘mcrcurv 13 a new mcrcuraflng
agent for a2 number of sromatic ané heteroc syclic conm- -
pourds.

2. Aromstic znd hebterocyclic compcundc are mer-
curated by ditrinitromethyluercury reiauﬁvclv ea51er

_ than by ‘the cther salts of mercury.
» : . Trinitrometbylmercurocalkanes are able to
twe tautomeric forums
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exist i

ATHEC(NO,); ol AzHEO-N=C(RO;)5

and in the crystalline siste are true orgenometallic
corpounds. B
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