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Synthesis and NMR spectroscopy of 
dichlorobis (acetophenonethiosemicarbazone) mercury (II) formed from 

phenylmercury (II) chloride and acetophenonethiosemicarbazone: 
the first example of symmetrisation in 

organomercury (II) -thiosemicarbazone chemistry 
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Abstract 

"rite reaction of phenylmercury(it) chloride with acetophenonethiosemicarbazone (Hatsc) in ethanol it) 1:1 mole ratio undergoes sym- 
metrisation I'~rnfing the products, HgCI, ( Hatsc ), and PhzHg instead of the amicipated compound PhHgCI (Hatsc). The analytical data, some 
physical pn)perties, IR and NMR ( tH, t~C, ""~Hg) spectroscopy all suppurt the ibrmatitm of !tgCI2( Hatsc ),~. ~+'Hg NMR of the solid obtained 
from the iiltrate ol' the reaction provides evidence for PIL~Hg. This reaction re.presents the first example of a symmetrisation phenomenon 
ubserved in orgauomercury( il)-thioscmicarba/onechemistry. ~ 1998 Elsevier Science ?..A. 

Ki'Vli'of'd,'/, ' {}[~llt|tllltlLqlfi,l'y { II } ¢o l i l ldexv ' , :  ' r h h l s e l l | i c a r l ) a / o t i e  ¢i~,lll}ler~¢~, 

i .  Inlroduction 

Or~anomel~ury(ll) snbstrates, RligX, are kmtwn m 
undergo syn,netri,~ation forming symnletric diorgmmtner= 
curials ItgR, and Hg(II) complexes 11,,o3 I. However, sta- 
hilisation of the dicoordinate I PhHg(PPh,) I ' 141 and 
tetracoordinate I RHgLI ' spet:ies ( R = Me, Ph: L = tripodal 
ligand, N(CH,,CH,PPhz).~, coordinating via all thw¢ phos- 
phorus atoms) 15l has been reported. No symmetrisation 
occurs with the analogous phosphine chal¢ogenides ( PIhPE, 
E=O,  SorSe)131.  

~C= N. N,-C~'S 
R "NH2 

(Z) 

In order to understand the gent:rality of the symmetrisation 
phenoinenon, tit this note, the reaction of phenyhnercttry( II ) 
chloride with acetophenonethiosenticarbazone (i, Hmsc, 
R' =Cl-!a. R=C,,Hs, shown in the Eoconliguration) is 
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described as an exanlple of gener,'d symmetrisation I't~;|(~tion 

and tile products identilied using analytical data, some phys= 
ical properties. IR and multimlclear (~H. '~C. =""Hg) NMR 
spectroscopy. It may he noted lhat limitt'd investigations on 
complexes of thiosemicarbazides and thiosemicarbazones 
with mercury(II) or organomercury(II) have been reported 
I{r=101. 

2. Experimental 

2. I. 7"e(tmique.~' used 

The elemental analysis for C, H and N were obtained with 
a Carlo-Erba 1108 microanalyser. Melting points were deter- 
mi,ed with a Gallenkamp electrically heated apparatus. The 
IR spectra were recorded in KBr pellets (4000~400 cm ') 
o." nujol mull in polyethene :~heets ( 500-100 cm* t ) on a 
Bruker IFS 66V spectrometer. The NMR spectra were 
r~.~:orded in (i) (CD~)zSO using a Bruker AMX 3(X) spec- 
trometer at 300,14 and "/5.48 MHz frequencies ( ~H and ~ ~C) 
with TMS as the internal reference and (ii) (CDO2SO or 
CDCI~ using a Bruker AMX 500 spectrometer at 89.51 MHz 
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probe frequency (~'~Hg) with neat MeaHg as the exterual 
reference. 

2.2. Preparation t!f acetophenonethiosemicarbazot'~e 
(Har~'c) 

Tnis ligand was prepared by the methods reported for other 
related thio~micarbazones [ I I] as follows. To thiosemicar- 
bazide ( 3.65 g, 0.04 moll suspended in 75 ml of distilled 
water was added about 2 ml of gh, cial acetic acid and the 
mixture was heated until a clear solutior~ was formed. To this 
was added slowly under constant stirring acetophenone 15 
ml. 0.04 moll dismlved in 30 ml of ethanol. The contents 
were reflaxed lbr a period of 6 h and. on cooling, a light 
yellow solid lbrmed, which was tiltered and dried in vacua. 
Yield 70%: m.p. 114-115°C. IR data ( c m  ~ ): 3408s. 3364m 
(vNH): 3236s, 3210s. 3147s (vCH+vNH); 1587vs, 
1511vs, 1490vs (vC=N+ vC=C+BNH,); 1460s. t444s 
(~?H): 1310sh. 1293s. l105m (vN-N+vC-N);  1095s 
(vC~S): 964m (pCH~): 8a.7s (~,C=S): 764s. 752m (ring 
,nod,:s): 688s ( ~C~N. ~K?=C 1, 

2.3. R~..'tion of Ph HgCi with Ha(so and synthesis of 
H gCl :( Ha~sc b ( comlnmnd A 

To a PhHgCI solution 10.313 ~. I retool) in 50 ml of 
ethanol was added the Ill, and solution (0.193 g, I mmol). 
The contents were stirred at room temperature 120-25°C) 
tbr a i~fiod of 48 h and the white mild (bm~ed was liltered, 
wa.~hed wilh elhanol and dried in vacua. Yield .~5~.; re.p. 
245=25&C (d). Anal. Found: C, 32.6: H, 3.4: N. 12.6, Cai¢. 
tar G~H:~NoS~CI_~HL~: C. 32.bi: H. ~,3: N, 12.8'~.. IR data 
( cm ') for flgt21~( Hat~ b: ?.,~80m. 3Maw ( vNH ); 3267~. 
3172~. 3056w t~'CH+vNH): 1598vs, 1528w, 1493w 
I vC---N + t ,C-C +/~NH~t; 1400~h, 1444m ( , ~ H ) ;  1296w. 
1280s, br, 1097vw I vN=N + oC~N ): 1088w ( vC~S); 967w 
(p~H.~): 8M~ (~,C-~S): 7~4s, 745m (ring m~es) :  t~St~s 
( ~C~N + dC~C l: 388m ( uHg~S 1; 342m ( pHg=CI ). A new 
solid (compound II) obtained from the filtrate after evapo= 
r,~ting all the solvent at n~t~m temperature was used lot record° 
in~ its ~'~Rg N MR sl~ctrum in order to continn the fi~rmation 
of P'n~Hg in the symmetrisation traction, 

3, Resulls and diseus~ion 

The analytical data of the white solid, obtained Ibm; the 
reaction of phenytmercury( I! ~ chloride wi!h acelophenone- 
thiosemicarba~o;vz ~Hatsc), reveal t t)c lbmtation of 
Hg, CI~ ( Hal~, I: { compound A ), in,~tead of the anticipated 
PhH~l(Hl~tsc) compomld, Pn~luct A is a high melting 
white solid which decompo~s at 245=251Y(::' to a black mass, 
It ~s soluble i~ DMSO and DMF, hut virtually insoluble in 
all other solveatx and repeated ellbtls to grow crystals of 
c~rmplex A were in vain, 

in the [R spectrum of A, the v(NH) bands due to the 
-N'H, and -N,,H groups undergo changes to low energy, but 
are not sufficient to suggest coordination by the NHz group 
in accordance with its non-participation in bonding te metals 
16,11,121. The coordination of sulfur to Hg(ll) is clearly 
shown by (i) a new characteristic peak at 388 cm - ' due to 
v(Hg-S) and (it) to the shift in the strong peak due to 
v(C=S) at 847 cm -~ in the free Hatsc to 843 cm -~ in the 
complex. The v(Hg--CI) band occurs at 342 cm- '  in its 
characteristic region but the bands due to v(C=N ), v(C=C) 
and 8(NH:) are difficult to assign separately and are thus 
assigned as overlapping bands in the 1490-1600 cm - i region 
13,11-131. 

The -N-'H- group of Hatsc is not deprotonated in complex 
A but shifts to low field as shown by its 'H NMR data 
(Table I ). Similarly, the -N 'H, protons appear as sharp and 
strong signals at Iow-lield [x~'dtions in this complex. Two 
peaks due to the -N 'H, protons in Hatsc and complex A are 
probably due to the restricted rotation of this group about the 
C ~-N ' bond axis due to the partial double bond character and 
the Iow-lield shift of the -NH: protons reveals deshielding of 
these protons with the possibility of enhanced double bond 
character in the C'-N' bond in complex A. The -CH~ group 
attached to the C: carbon undergoes a Iow-lield shift by 
O. 12 ppm, but the -C,H~ signals are nearly unaffected in the 
complex; the above changes clearly support coordination by 
thione sulfur of the neutnd Hatsc to the Hg(il) centre (!, 
Eoconliguration ), It may be noted th.tt courdin;nion ofa thio- 
sere(turban.one in the deprotonated Ibrln (11, Z-conligurao 
lion) leads to .'m uplield shil'~ in tile 'It(N~II:) signals 
111.141, Thns, 'H NMR data unequivocally conlirm coom~ 
dinar(on of Italic to IIg( II } vi'l ils Ihioue sulfnr in tile neutral 

RH a 

f : ~ N  

(xz) 

In tile ~(: NMR speclrmn of Ha(so ('ruble I ), tile I~C' 
NMR signal at q~ 179,1 shows a high-lield shift, while the 
I~C: and t ~(:.,~ signals in complex A undergo Iow-lield shifts. 
The peaks due to the 47,H~ group o1 Ha(so are marginally 
afG:cted in the complex. Thus, c~a)rdination via the thione 
sulfur leads to shielding of the C ~ carbon and deshielding of 
the C: and C" ca t ,  ms, Tile shielding of tile C ~ carbon sug. 
gests the fidlowing remnating structures 1 Ilia-c) 1151, 

'a  C I |  j ~ N R ,~ C 1| j N |'t d 

\ \ S  8 
| l U l l }  { l l l l b }  

'4~'o .~-41=. 

qlp-==4=. 

C ff 14 II . 

, - -  C:~=-- N ~ - -  N - -  C. 

5 
{ U l a  J 
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Table I 
Multinuclear NMR { ~H, ~ 'C. ' " H g  t data ( 6 { ppm i, J t He ~ ) o f  tile ligand and II'lel'CLll'~ ~ II ~ comptlllnds 

171 

'H N M R "  
Compound 81N ~11: I ,Sl N'H J ,Sl C ' I t ,  I ,Sl C* 'H I al ('~ " ~H I 

Hatsc 8,31 s. br 10.24s 2.2t)s 7.92m ~.38n| 
7.92s" 

HgCIz( Hatsc-S L~ 9, I I s 10.91 s 2.41 s 7.98m 7.41 m 
8,7t)s 

~C NMR " 
Compound {*,C ' 8~C" ~C" 6(.? ~ 8C ,1 8(._ - ~  ,~ -~  

I|atsc 179.1 148.O 14.0 137.7 129.3 
ItgCl,( I lalnc-S I: 174,0 152.5 15.3 137.3 130.3 

~'"'11~ NMR 
Conipoul ld  ~( t1~! i ' '.ll Hg--It ) 

Hg('l_,( H;llsc-S )., "' -- 838n, br 
PhzHg ' - 7481 173 

128.3 126.6 
128.~ 127.4 

" Solvclf l .  ,lnlso-tl,.,. 
" Solve[it.  C i )CI  ,, 
' 6 vahies relative to ilcil[ M,.'~I-I~, 
,i Phetlyl prolL)n hlu'Ol'pOl'alts, 

~ N H  2 2 

? 

T h e  I o w ° l i e l d  s h i f l  o f  t he  ' ~C" s i g n a l  r e v e a l s  t ha t  Stl 'UClOre 

I I I h  ,hake,, a signilicam conlrihulion to the resonaling 
,,Iruclure, 

The '"11~,, NMR speclr|ll | |  ol'¢omplex A shows a signal al 
8 ~ B388, and Ihis posilion is different from |hal of PhHgCI 
(,~l--Ig, -I()~J2 ppm) 13 I, Tertiary phosphinc complexes, 
HBCL,( PPhL I~. and I*Ig(()~CCF~)~( PPh~): have /~llg of 

413 and ~ 893 ppm, |x, speclively, It shows tlmt shielding 
Of P'UHB i l l  complex A is  s o l n e w h u l  l o w e r  tl~'.un t h a t  o f  t he  

Hg( O,CCF~ I.,( PPhL)., complex bul much higher than that 
of HgCI,( PPh, ) ,. In co|np',|risotL 8Hg values for the phenyl- 
mercury( I! ) complexes ( 81°lg, Phl-lg( O_,CCFs ) ( OPPh ~ ). 

1246; I)hHB( O:CCH ~ ) ( SPPhs ), - 1405. PhHg( O,CC- 
CIL) (SePPlh),  - I 123) which do not show sy|nmetrisalio|l 
ale all uplield relative to complexes which exhibit Ihis phe- 
nomenon 13.181. The solid B showed a '""ltg NMR signal 
at 6 - 749t ( t, triplet ) with '.1( HB-H ) coupling constant of 
173 Hz, and this conlinns the formation of Ph,Hg and 
HgCl,(Hatsc), as the producls of the symn|etrisalio|l 
reaction I 17 I. 

Based on the above dat:l, a lem|hedn|l stnlcture for 
[igCL,( I°latsc)~ is sLIggesled ill which Hatsc is ¢Ool'dhlathlg 
to Hg( Ii ) via its thione sulfur. '['he X-ray cryslallogi~aphy on 
analogous complexes, MX_,( I-IL).~ (M. X, HL: Co. I, Hats¢: 
Ni, CI, Hatsc: Hg, CI, Be. thiosemicarhazide) 19.181 have 

¢ s t : t h l i s h e d  t h e i r  I¢lr~lhedral  Mr l lv lo r¢s  ~'oo 'd iial Jig ~,'i~ i I h i o n e  

sulfur only, 
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