


EDITOR 
LAVIN I 
r no-~, 
d s il' 

• I NISCU, D<p,HL 1 nto dt• Quirnic1, C(;Nf, lnivt•rs1d.idc LutcranJ d..> Bra ii, 
RS t. In t 1L 1t' • (iuir.u a, Pontifi:"ia Un\vcr •,1Je C: itolica do Rio Gr..ind<' 
P>rto Alcgr~, Kr BHAS[L 

EDITORIAL BOARD 
V. EIA ,AS~IEllW!Aldi\'1, Ccnr t'<' tor Cellular and Moll'cul..it lliolol:'.Y. Hydcrnbad, JNDIA 
11fc 'l'OR F. Bt:RTORET 1.0, Jcp,1rt.1mL•nt1.• dl' Quimica Orr,anil'a, F.it·ultad de Cicncias 

Qui micas, :·mver id 1d ::.ic-innal de Cord.:ib.i, CorJol•.1, Al<GENTINA 
f\ftlO P. CHAGAS, ~nstitu•.o dt <';Jimica, lNICN!P, CJmpinas, SP, BRASIL 

'•" JO<'r:' cos~, >q:art I Into d 'iuimicd y Fi. •ca, F ultad d, Cicnoas l( ct I 
nivcrsi..!J~ t • ..ic.on1 cl· R.o Cu.Jrto, Ri.o Cuirt , AR,ft.rfIN\ 

lEN'· A. 1RO.ill~, D<partrr. nt [ Chemistry, \.i.i I ngt n "tate t.:1 iversiL 
i'ul lman, ~.A, lSA 

VtTIORILI UEGiOR I Di1 •llll"'C'llt• L F.t.ltf),ll '"• lZl n Cl fi,ica A;plic.1•.1 
lniver-:ita di Favia, P1via. I.ALIA 

J( ··r . TE:X'."IRA DIA.>, 0•1.1rl.imLll~O de Quin:i ' ..;11 v ·r Id ,,J . .ll' Ceoirnhra, 
Coimbrd, P1R1'l(,AL 

XPRCI· A. OOl'll•GUEZ. P(p.1r1.11ni-11lo de quirnic.1, ln>t~: tlo l'C'c11nlorico :> J,_, 
EstuJio~ S1q1l'riorcs dl' ~hint e1rey, Mon~crr<:')', N.I., M~'.XICO 

C1'1AK A. ET Sl'O: I'. I"sl i Lu to lo• Quirni .,, , Liiv. r id..1 1t <'<' ~· 10 f wl 
S<lo i'.h1lo. SP, 8?.,\C.IJ 

Rt. ' l.: ES''"~ d ... , In .t 1 t :t Q .l lLa, l\' '. l. ( 

C,"> , fl A ' 
k~-.A\ "AL!:.~'~l n . ln<;t i Lt to <l·· Jl. lC l '. l '1 . c. r. 1. I T, F'.' £. 

.I' GAi.; I, (1o;1lL ln<,tL:utt> A.r'it>d. l r.' .ebr ¥-' n1vE.:r-itv ~ t 
f'rusall·m, Jeni· ilcm, !SRA!' 

\<t,\R G0'\7ALE2, Centro <le Pl• pisa, CEf\lE~· I1:11 do ft.nth<, 
Rio <.!c Jant:ir,,, f,J, l\RJ:Sll 

i"lSllllAKA CUSI'H::F'l, ln<;t ituto de (uimica, l'l.CAHI', C11'1j)1111 • <'I, bR.,\;·1 
\,'JI.I.IA~' llASI·., Llcpar111:,nt nl ('f1,·1~ii,Lry, W~ym• St.1l1• t:niv< 1sity, ll<'troit !-11, ,\ 
I. B. lVASOV, L1bc.rat1ry 01 Tl11rmcdynamics .ind l'l·v.1co-c!11·mical llydrody;iu'• 

F.11•ulty cf Clwni ;try, l niv< ,-sity of Sof1 i, ::i'fi '• Illll CARLA 
I 1'1' IZ~IIERDO, l>l'part.rn1<nt dt• lli<>quimic., "nivlr id1d, h·J,·1·Jf lo Pio 'ran I 

,Jo Sul iortoAtL'grc, R., llK.ASIL 

~. ; 'r:.sKY, K1rpov Ir t;tut ( f 1-''\ sic.~ 1 Ci t [ ~ , '! .... SS!A ,. l ,; '· 1 AI:;G, Di:: part lt 0 Che i c;t ry, t'ni .c.: r it~ of N, l '1 ' Dur ar:, - h A 
ARDO I lS"l, Dl part 1~. nlo " UJ.Plicd, ln;vc 1 ,1da I <ll l'l'" lu.p.C J, r ..... 1"' 

<: , it i a' CLIU 
~\I 1 l Lw,WSKI, Dcp<lr' • nt tf <h<mistry. l~C'I.' ~cx1c 

ia,} Cruc~~, N.~. l'~A 

"ANO!IAF.,Khal-111 Alornic i l <•.11d1 Ct'nlr<'. Chuui Lrv l>iv1.1.11, 1',rn .H, IN. A 
AYl Tm, FJGUF!Rt.un '1Ai<TlN:,, lhT1rt.1~"·nlo ci" ')uimi L:nn.' i ·.:t.l" h I• r 11 cc 

Sant,1 ~laria, Sant.i M.n 1, HS, DRASlL 
R~J 'll"\GLR, l>o·1artnit11l ct r'l··~'i,,t ty, t'morv lnivr 1 il · '' ml• r;.\, ,· .\ 

~'IC!lkl l. Ml .... Cll, llt'fl<lrln r• ot C1<mi.:>t:-y, lniv·t itv 'th !1. :., 
·;Locktcn, CA lSA 

1. 'HTI Al , : B~' q: r" • 1 , ! r. i Jn, t t t 1 L r. 

'. 'l'L 1 :.R, Fs..col d En 1n lnivcr::.1ciaJ d r 11 l " Gr I, 
f rto Ale)? re, RS, !IA 11 

"lG"H PAREKA, lnst1l1l de IivL tig> ire r1 C l l.. ft . 
. 1ivLrsid1c! !'<ac1on I Jcl itor ... l, Smta F, ~Rt. NTll'A 

I A. Y ROMS1.t.J, '!:J0parLm<!nt of he istrv, R.1tr r• ln1vcrsitv, i>,«.ita;,:.1 '\. 

rtmRTC H.R.'\A1';DES llf SA, l>l'p.1rtamcnto de ~u1mi. r,1'10.t:1 ntal, ltllV!'r' '1 
f"J1;.ra1 ck PPrn.i: 'nt<O, •\ c ifc·, PE, BFAS!.., 

l)IMJ"JJUOS SAf:l('lS, In til11to C" Ouir.>ic.1, l'niv .. r iJ.,'<• f,c;l'rll ('IJ Fio r.n,J 
~;ul, Porto Al,,gre;, RS, llRA:aL 

Ill•l f·:-<ES OOS Si\.'lTOS, nq.,utm•nt of Mc,!t•v1lir l\1,, o v Oxf,1<' l'iivers'ry. 
xi re, ENCLAh: 

"': A. :>Cl-ll"F~E, [' 'l l 

·11~'LATl, .>i1 rt<' nt 

ell l'adovd, Palov1, !TAI IA 

'h m 1 tr 1 , A t r 

DH fER VOLl.!-!ARJT, '!;1x Plan, k 111'.titut iUr Kol I 
1!,•r l 1n, G1.-R:1A'\Y 

r,\OUI ?ANA, !net it,1L t'h 1rl• 

! l h Ln"v r lt , 

.t n I l: .. ;<'1 i. 

l t 

. i I 1 1 , R lMA!\ l. 

I I\' r > l I Cl f 1: l d 

und <.re11zflHd1c•rifot:;c1np, 

tr.1 bot1t>, ::'!;;\ll;C 

Fl 



SOUTHERN BRAZILIAN JOURNAL OF CHEMISTRY 

ISSN 0104-5431 

VOLUME SIX, NUMBER SEVEN DECEMBER 1998 

' . ' CO~l'E~TS ./ cn~TEUDO ·{ 
ANTONIO DE ULLOA, DISCOVERER OF PLATINUM 
Lavinel G. Ionescu . . . . . . . • . . • . . • . . . . . . . . . . . . . . . . . . . . . . . . 1 

ADSORPTION OF GASEOUS SUBSTANCES ON CHEMICAL AND 
ELECTROLYTIC MANGANESE DIOXIDE 
Jorge Nozaki, Edivaldo Egea Garcia and Joji Suguita 

SOME COMPLfXES OF COPPER(II) WITH N,N'-DISUBSTITUTED 
DITH IOOXAMIDES DERIVED FROM a-AMINO ACIDS AND a.:.AM'lNOACID 
ESTERS 
Maria Negoiu, Tudor Rosu, Liliana Stoicescu, Viorel Carcu 

7 

and Hihai Contineanu .................................... 17 

DIFFERENTIAL PULSE POLAROGRAPHIC DETERMINATION OF 
ARSENIC IN BITUMINOUS COAL 
Eurica M. Nogami, Gracinda M. Dalrneida and Jorge Nozaki .. 27 

PHENOXATHIIN CHEMISTRY. S~NTHESIS BASED ON 2-w-BROMO­
ACETYLPHENOXATHIIN 
Anca Nicolae, Daniela Gavriliu, Ovidiu Maior and 
Constantin Draghici ..................................... 33 

PHENOXATHIIN CHEMISTRY. NEW CARBONYL COMPOUNDS AND 
DERIVATIVES 
Anca Nicolae, Daniela Gavriliu and Ovidiu Maior ......•.. 47 

THE PREPARATION AND SOME REACTIONS OF 2,2-DIPHENYL-
1-(3,6-DINITR0-4-COUMARINYL)HYDRAZYL FREE RADICAL 
Petre Ionita, Marcela Rovinaru and Ovidiu Maior ..•...... 59 

FORMATION OF MICELLES OF CETYLTRIMETHYLAMMONIUM BROMIDE 
IN WATER-GLYCEROL SOLUTIONS 
Lavinel G. Ionescu, Sonia M. Hickel Probst and 
Elizabeth Fatima de Souza ............................... 67 

STUDY OF RENAL SORBITOLDEHYDROGENASE IN EXPERIMENTAL 
DIABETIC NEPHROPATHY 
Catalina Pisoschi, Virgil Darie and Mihai Serban ..•..••. 77 

SYNTHESIS OF NEW 2-SUBSTITUTED IMIDAZOLINES WITH 
POTENTIAL HYPOTENSIVE ACTIVITY 
Adina Dumitrascu. Mircea Constantinescu, Corneliu Oniscu 
and Dan Cas caval ...•.....•.....•...........•.•.•..•.•..• 83 

SYNTHESIS AND CHARACTERIZATION OF NEW OXOVANADIUM(IV) 
COMPOUNDS WITH PYRAZOL-5-0NE AZO DERIVATIVES 
An ca Emandi •....•............•....•.•...........••...... 91 

THE REACTION BETWEEN 2,2-DIPHENYL-l-PICRYLHYDRAZYL FREE 
STABLE RADICAL AND N-BROMOSUCCINIMIDE 
Petre Ionita ........................................... 101 
AUTHOR INDEX . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 7 



SOlTIBERN BRAZILIAN JOURNAL OF CHEMISTRY 
SOUTH. BRAZ. J. CHEM., Vol. 6, N° 7, 1998 1 

ANTONIO DE ULLOA, DISCOVERER OF PLATINUM 

Lavinel G. Ionescu 
Departarnento de Qu1mica Pura, Faculdade de Qu1rnica 
Pontif1cia Universidade Catolica do Rio Grande do Sul-PUCRS 
Porto Alegre, RS BRASIL 90610-900 

& 
Departame nto de Qu1mi ca, Centro de Cienci as Naturais e Exatas 
Universidade Luterana do Brasil - ULBRA 
Canoas, RS BRASIL 92420-280 

ABSTRACT 

Don Antonio de Vlloa, member of a distinguished Spanish 
family, was born in l7l6 and died in l795. He studied 
physics and mathematics and was a member of many scientific 
societies, including the Academy of Sciences of Paris and 
the Royal Society of London. He travelled widely in Europe 
and the Americas and occupied many important positions, 
including those of Frigate Captain, Commande:t> of the Royal 
Squadron of the Spanish Armada, Governo:t> of Huancavelica -
Peru, Louisiana and Florida. In l735, while member of a 
scientific expedition sent by the Spanish and French gov­
ernments to South Ame:t>ica to measure a degree of me:t>idian 
in Quito, close to the equator, he discove:t>ed platinum in 
the mines of Lavadero or wash gold in the district of Choco. 

RESUMO 
Don Antonio de Vlloa, membro de uma ilustre fam{lia espa­
nhola, nasceu em l7l6 e morreu em l795. Ele estudou f{sica 
e matematica e foi socio de muitas entidades cient{ficas, 
incluindo a Academia de Ciencias de Paris e a Royal Society 
de Landres. Viajou extensivamente na Europa e nas Americas 
e ocupou muitos ca:t>gos importantes, entre eles, Capitao de 
Fragata, Comandante da Esquadra da Real Armada Espanhola, 
Gove:t>nador de Huancavelica - Pe:t>u, da Louisiana e da Flori­
da. Em l735, quando fazia parte de uma expediqao cient{fica 
enviada pelos gove:t>nos da Espanha e da Franqa (i Ame:t>ica do 
Sul pa:t>a medir um arco de meridiano em Quito, perto do ecua­
dor, descobriu a platina nas minas de Lavadero no Partido 
de Choco. 

KEYWORDS History of Chemistry, Platinum, 
Discovery of the Elements. 
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Contrarily to wh.at is generallr b.elte'Jled, )l)any 
scientists th .. at w:ere b.orn or liyed i:n Lattn Amertca, made 
s·tgnffi'cant contri·fiuttons to clte)l)fstrY'· Among the)l) are 
Antonio ae Ulloa (1716-1795), who w·as the fi·rst to take 
platinum to Europe and 11Jake this metal known in tne Old 
World; Fausto and Juan Jose Delhuyar, discoverers of tung­
sten; Andres :Manuel Del Rio, discoverer of 'Vanadium; Jose 
Luis Casaseca, founder of the Cu6an fnstftute of Chemical 
Research; Al'Yaro Reynoso, father of modern sugar technology 
and Lui's Frederi'co Leloi'r, Nobel laureate in che)l)istry. 
Notab'le contri6uti'ons were al so made by Horacio Dami anovi ch 
in noble gas cnemi·stry, Gusta'Yo Fester and Xorge Alejandro 
Dominguez in natural products and Ernesto Giesbrecht in the 
chemis·try of lanthanides.1-10 :More recently, in 1995, the 
Mexican chemist Mario Molina was awarded the Nobel Prize in 
Chemistry together with Paul Crutzen and F. Sherwood Row­
land for their work dealing with the ozone layer. 

Antonio De Ulloa, member of an illustrious Spanish 
family, was born in Seville in 1716 and died on the Island 
of Leon near Cadiz on July 5, 1795. He recei·ved a very good 
formal education and turned out a brilliant young physicist 
and mathematician. His first long travel was at the age of 
thirteen, when he participated in an expedition to Cartagena 
de lndias (Carthagena, Colombia). Upon his return to Cadiz 
in 1732, after passing successfully a series of examinations, 
he enlisted as a naval guard. 

In 1735 the Academy of Sciences of Paris nominated 
two scientific commissions to perform measurements of degrees 
of meridians. The first one, that tYavelled to Lapland and was 
to make measurements near the North Pole was headed by Louis 
Moreau de Maupertuis (1698-1759) and the Swedish scientist 
Anders Celsius ('1701-1744). The second one, formed by Charles 
Marie La Condamine (1701-1774), Louis Godin (1704-1760) and 
Pierre Bouguer (1698-1758) was sent to Peru and Ecuador to 
measure a degree of meridian near Quito, close to the 
equator. 11-17 

Louis XV solicited an authorization from Philip V, 
King of Spain, who not anly gave app·roval and support, but 
also appointed tw~ young officers (Frigate Lieutenants) of 
the Spanish Armada to accompany the French Commission, 
assist with the observations and measurements and help obtain 
new scient1ft5 knowledge about the shape and the dimensions 
of earth.l -

The two young naval officers were Jorge Juan Santacilia 
(1713-1773) and Juan Antonio De Ulloa. The two left Spain in 
May 1735 and arrived in Cartagena on July 1, where they met 
the French scientists. They travelled together to Portobelo, 
Guayaquil and Quito and collaborated doing various types of 
astronomical measurements and observations. Ulloa worked 
mainly with La Condamine and Bouguer. Soon afterwards, in May 
1736, the two young Spanish officers received secret military 
assignments and classified scientific tasks from the Viceroy 
of .Peru that they performed for about eight years, when they 
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returned to Quito and engaged in astronomical observations at 
the Pueblo Viejo de Mira Observatory. Part fo the discoveries 
and observations made during the nine years of exploration 
have been described in the monumental work published by the 
two of them in Madrid in 1748 .. This work also includes the 
first description of platinum given below.14 

·"En el Partido de! Choco habiendo muchas minas de Lavadero, 
como ·las que se acaban de explicar, se 'encuentran tambien algunas, en donde 
por estar disfrazado, y envuelto el Oro, con otros cuerpos metalicos, Jugos Y 
Piedras, necesita para su beneficio el auxilio de! Azog1w; y ta! vez se hallan mi­
nerales, donde la Platina (Piedra.de tanta resistencia, que no es facil romperla, 
ni desmenuzarla con la fuei-za de! golpe sobre Yunque de Acero), es causa de 
qu~ se abandonen; porque ni la calcinacion la vence, ni hay arbitrio para extraer 
el Metal que encierra, sino a expensas de mucho trabajo y costo" **. 

* * Relacl6n HUt6rlca del Viale o I.a Amt!rlca M~r{dl.Qnal hecho de ordett de S. MQI. para med tr olgunoa 
vado• del meridlano ten'e•tre y venir por eUo• en conoclmlento de la verd4dera. f/.aura y maznitud 
de ta TiemJ., con otnu oburvoctonea aitron6mlca1 y ff1lc08: P.or ·Don Jorge Juan~ Comendador de 

· Allap en el Orden de San Juan, aoclo correspondlente de ii\ Real Academia de Clenclas de Puls Y 
Don Ju.an Antonio de Ulloa. de la Real Sociedad de Londres: Ambos capltane1 de Fragata de la Ar­
mada. lmprea de ordeu del :Rey Nuestro SeiiorenMadrid por Antonio Marin. Ado de MDCCXLVIll • 
Primera Pane Tomo n, p. 606. 

ANTONIO DE ULLOA{l 716-1796) 

SPANISH PHYSICIST, MATHEMATICIAN, NAVAL COMMANDER, 
DISCOVERER OF PLATINUM, GOVERNOR OF LOUISIANA AND 
FLORIDA, EXPLORER OF THE AMERICAS. 
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Mary Elvira Weeks in her b.ook 11 Disaove:ry of the Elements" 
18 

states the following: 
In the preface to 

his "Astronomical and Physical Observations," Jorge Juan said that Ulloa 
regarded platinum as a peculiar metal and anticipated that there must be 
special mines of it just as there arc of gold and silver!' .·. 

De Ulloa described it as follows; "In the district of Choco are many 
mines of Lavadero, or wash gold ... several of the mines have been aban­
doned on account of the platina; a substance of such resistance that, when 
struck on an anvil of steel, it is not easy to be separated; nor is it calcin­
able; so that the metal, inclosed within this obdurate body, could not be 
extracted without infinite labour and charge ... ~'· . · 

Apparently, th.e discovery of platinum in the district 
of Choco on the Pacific Coast of present day Colombia 
occurred in 1735, during the initial part of the expedition 
from Cartagena to Quito and both scientists were very much 
aware of its importance.11 

In May of 1745, aftereompleting the military and scien­
tific missions, the two officers made arrangements to return 
to Spain. In order to avoid the risk of loosing the results 
of the scientific work, they embarked separately and Jorge 
Juan arrived safely in Europe. On the other hand, Antonio 
De Ulloa travelled on the French frigate DeZi~ranae that 
was captured by the British. Some of the more compromising 
documents in De Ulloa's possession were thrown in the sea; 
the rest were confiscated by the British and he was made 
prisoner. He only returned to Madrid on July 25, 1746. 
Apparentl~he was treated well and was presented to Martin 
Folkes, president of the Royal Society. When he petitioned 
the Admiralty for the return of his papers, the Duke of 
Bedford affirmed that war between nations should not hinder 
the progress of science and he was allowed to travel to 
London and receive back his documents.11,18 

After his return to Spain, De Ulloa did not devote 
much effort to platinum. The studies were continued by 
Fausto Delhuyar (1755-1833) and Pierre Francois Chabaneau 
(1754-1842) and gave Spaig a practical monopoly of this 
metal for many years.11-

Besides the British, many other scientists became in­
terested in platinum. They included Scheffer, Bergman, Berze­
lius, Baume, Buffon, Lavoisier, Macquer, Marggraf and others. 

Antonio De Ulloa devoted his time to other activities. 
He travelled widely in Europe on scientific missions. For 
example, in 1755, he visited Sweden and was elected member 
of the Swedish Academy. He reorganized the teaching of 
medicine in Spain, established the textile industry, improved 
the arsenals and th~ mining of mercury. In 1758 he was named 
Governor of Huancavelica, Peru and superintendent of the 
mercury mines. In 1765 he was named Governor of Louisiana, 
in 1766 Governor of Florida and in 1772 Commander of the 
Spanish Fleet.19-21 
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In 1750, Brownrigg sent a sample of a mineral containing 
"PZati'na di Pinto" to.Str Wtlltam Watson of the Royal Society. 
Brownrigg fiad offtai,ned the sample from the '.TIJetallurgistll, 18 
Charles Wood during a trip to Jamaica, West Indies. It was 
contraband from Carthagena, Colombia. Sir William Watson 
analyzed the sample and presented the results to the Royal 
Society on December 13, 1750. A copy of the page of the 
PhiZosophieaZ T:t>ansaetions Ab:ridgement containing Watson's 
communication anrl Brownrtgg's letter ts gf~en below. 

In 111any chemistry books written in English, Sir William 
Watson is considered the sole and exclusive discoverer of 
p 1 at i n um . 
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ABSTRACT The adsorption of mercury , arsine, hydrocyanic acid and hydrogen sulfide on 
amorphous chemical manganese dioxide (CMD) and electrolytic manganese dioxide (EMD) has 
been investigated. Variables such as agitation time, pH, temperature, mass of adsorbent and 
concentration of adsorbate were studied. The adsorption process obeys a Freundlich type 
isotherm over the concentration range investigated. Wads of Lujfa cylindrica Roem were used 
as substrate for CMD production. For gaseous substances this amorphous material showed 
better sorption capacity than EMD. 

KEY WORDS: manganese dioxide, pollutants, adsorption, isotherms 

RESUMO A adsor9iio de mercurio, arsina e dos acidos cianidrico e sulfidrico sobre o dioxido 
de manganes amorfo preparado quimicamente (CMD) e o dioxido de manganes eletrolitico 
(EMD) Joi estudado. As variaveis investigadas foram: tempo de agita9iio e de contato, pH, 
temperatura, massa do adsorvente e concentra9iio do adsorvato. A rea9iio obedece a isoterma de 
adsor9iio de Freundlich no intervalo de concentra9iio estudado. Como substrato para a 
produ9iio do dioxido de manganes utilizou-se aparas da bucha Lujfa cylindrica Roem. Nos 
estudos com substdncias gasosas, este material amorfo mostrou capacidade de adsor9iio 
superior ao dioxido de manganes eletrolitico. 

(*)To whom correspondence should be addressed 
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Adi!o;r>ption of eaieeie on Ma'lflane1w Dioxide 

There is a wide variety of manganese (IV) oxides whose structures have been extensively 
investigated. Among these oxides, most attention has been focused on electrolytic manganese 
dioxide for which the electrochemical and catalytic activity behaviour have been investigated1 

• 

X-ray studies showed that Mn02 prepared by chemical reaction is amorphous with higher 
porosity than the electrolytic manganese dioxide2 

• Although progress has been made in the 
characterization of Mn02 with respect to structure and electrochemical behavior, some aspects 

remain unexplained. The reason why certain forms of Mn02, for instance, the y modification, are 
highly reactive and may undergo electrochemical reduction at high rates, while other forms, for 
instance, the ~ modification, are relatively inactive, are still not fully understood3

• 

One of the potential methods of removing pollutants from aqueous systems is the 
adsorption on iron, aluminum and manganese oxides.On the surface of manganese dioxide as 
much as 0.28 mole of lead ion can be adsorbed per mole of Mn(IV) at pH 6 as reported by 
Laitinen and Gadde4· The adsorption process of gaseous pollutants has different mechanisms from 
the aqueous phase, so that very little information is available for the mercury adsorption5 

• 

While there is no doubt that hydrous metal oxides are important sinks and modes of 
transport for heavy metals in the environment, the quantitative magnitude of this role is not 
known for a variety of natural waters6 .Hydrous oxides in aqueous solutions carry a surface charge 
which is very pH dependent. The pH of solution relative to the point of zero charge (PZC) affects 
the counter ion type adsorption of cations and anions. At pH values higher than PZC, cation 
adsorption is generally favored, whereas anion adsorption is favored by pH values less than PZC. 
(PZC of manganese dioxide is approximately 2,8 )' · 

Manganese dioxide has been used as a sorbent for collection of radionuclides from water 
samples, collecting a known volume of water through identical Mn02-impregnated cartridges 
connected in series8

• Using this procedure the adsorption efficiency of an element and the activity 
were calculated. The redox mechanism was observed when two different oxidation states were 
investigated. After contact with Mn02 plutonium(III) is oxidized to Pu(IV) and no higher 
oxidation states were observed9 

• The catalytic oxidation properties of manganese dioxide have 
also been investigated using organic (n-hexane or n-octane) compounds by gas chromatography.It 
was observed that doped EMD has a better catalytic activity0

. 

The present research focuses upon the adsorption of toxic substances on manganese 
dioxide. The adsorption of mercury, mercuric ion, hydrogen sulfide, arsine, and hydrocyanic acid 
have been investigated. 

EXPERIMENTAL 

Chemicals 
The reaction of 0.5 moU-1 KMn04 (250 ml) with wads (3.5g) of dry Luffa cylindrica · 

Roem , 10 ml of 50% (m/v) of sodium silicate, and 10 ml of 1.5 moU-1 HzS04 was employed for 
CMD production. The mixture was transferred to a 1000 ml flask with vigorous shaking and kept 
at room temperature. After 24 hours, 20 ml of2 mol.r1 H2S04 were added with strong agitation. 
The filtration of this black gel like solution was performed using a vaccum pump and washing 
several times with distilled water.The amorphous CMD produced was dried at 80°C, powdered to 
I 00 mesh,and dried again at 80°C for 2 hours. 
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Brown granular EMD, sample n° 9, International Common Sample with surface area of 
45m2 BET was purchased from Trona Chemicals (USA). All solutions were prepared using doubly 
distilled deionized water. Analytical-reagent grade chemicals were used without further 
purification. 

Procedure: 
Figures I and 2 show the apparatus used for adsorption studies of hydrogen sulfide, arsine, 

hydrocyanic acid and mercury on manganese dioxide. 

Hydrogen sulfide evolution and adsorption.The following chemicals were added to flask A, and 
to tubes B and C respectivelly: 
A) I 0 ml of 12 moLr' HCl (Merck) and variable amounts of FeS ( ferrous sulfide-technical grade­
Aidrich). 
B) 0.500 g ofManganese dioxide and pieces of glass wool. 
C) I 0,0 ml of As(III) solution (996 µg/ml), prepared from As203 (Aldrich-USA). 

After 45 minutes of reaction at room temperature, tube B was disconnected from A, and 
the filtration of solution in tube C was performed using quantitative filter paper. The remained 
arsenic(III) in tube C was transferred to an erlenmeyer flask and determined by titration with 
standard iodine solution according to the procedure of Skoog et al11 

• 

Hydrocyanic acid adsorption.The adsorption studies of hydrocyanic acid on Mn02 was 
performed using the following chemicals: 
A) 10 ml of6 moLr' HCI (Merck) +variable amounts ofKCN (Merck). 
B) glass wool+ 0.500 g ofMn02. 
C) 10 ml of0.25 moLr' NaOH (Reagen). 

After 75 minutes, tube B was disconnected from A and the HCN concentration in tube C 
was determined by UV-VIS spectrophotometry with the pyridine and barbituric acid method 12 

• 

Arsine generation and adsorption. The adsorption of AsH3, generated by reduction of standard 
As(III) solution with SnCb and Zn (powder) in acidic medium, on CMD and EMD were studied 
with the following chemicals: 
A) 5 ml ofl2 moI.r1 HCI + 5 ml of0.01 mo1.r1 KI03 (Aldrich)+ 0.2 ml of0.001 moI.r' SnCb 
(Merck). After the initial reduction of As(III), 1.5 g of Zn (powder-Merck) were added into the 
the flask to AsH3 generation. 
B) 0.500 g Mn02 +glass wool wetted in I mol.r1 lead acetate (Reagen). 
C) 10 ml ofO.I moU-1 TRIS (tris(hydroxymethyl)aminomethane-Sigma) + 0.5 ml of0.002 moI.r' 

AgN03 (Aldrich). The arsine after reaction with Ag+, was determined by differential pulse 
polarography using a solution of 0.1 mol.r1 TRIS and HCl as supporting electrolyte13

• 

To the polarographic cell containing 2 ml of pure mercury and 10.0 ml of supporting 
electrolyte, 1.0 ml of sample collected in flask C was added. Deaeration was performed with pure 
nitrogen for 15 minutes and the polarogram recorded from 0 to -1.6 volts with the following 
apparatus and conditions: Polarograph (Radelkis-Hungary-OH-107), a platinum wire as reference 
electrode, scan rate (2 mV.sec·1), pulse amplitude ( 50 mV.sec·' ), and sensibility of 0.2 µA. 

Mercury adsorption. The conventional mercury purification and distillation apparatus was 
modified for mercury adsorption on Mn02. A I 00 mm length and I 0 mm of internal diameter PVC 
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Adsorption of Gases on Manganese Dioxide 

B 

(b) 
c 

A= 125 ml flask 

(b) = glass wool Impregnated 
with lead acetate 

C = solullon of TRIS and 
silver nitrate 

Agure 1. Apparatus used for arsine generation 

mercury distillation 
apparatus 

111 

B 

r ' B = 10 cm length and 1 cm internal 
diameter PVC tube with 
manganese dioxide 

A = 500 ml collecting flask 

(1) = conventional mercury 
distillation apparatus 

Agure 2. Apparatus for mercury adsorption 
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tube was connected between the collecting flask and the vaccum pump (Figure 2). Pieces of dry 
Luffa cylindrica Roem were used at the extremity and the CMD inside the tube was changed 
every 48 hours of continuous operation. The mercury concentration, after washing the CMD with 
nitric acid, was determined by cold vapor atomic absorption spectrometry (CV AAS) according to 
the procedure of Akif et al14 

, with the following conditions: Atomic absorption spectrometer (CG 
AA 7000 ABC) and a mercury hollow cathode lamp as source, '}.,, = 253.7 run. Carrier gas used 
was pure nitrogen (White Martins). SnCh (Merck) was used as 10% (m/v) solution ( 12.0 g of 
SnCh. 2 H20 was weighed into a 100 ml flask, dissolved by 18 ml of diluted HCl (1:1), and 
diluted to the mark with distilled water). 

Mercuric ion adsorption.The adsorption of 7.4 µg.mr 1 of Hg2
+ solution, prepared from 

Hg(NOi)2-Aldrich, on Mn02 was performed using a 500 ml flask with a thermometer. A 
mechanical mixer was used for agitation, and the system was immersed in a thermostatic bath.The 
mercuric ion solution was transferred to the flask, the pH adjusted to 4.5, and the experiment 
started when Mn02 was added to the solution. In previous paper10 it was observed that EMD 
particles were stronger than CMD in liquid solution. Due to these better physical characteristics 
the adsorption studies of Hg2• were performed on EMD. 

RESULTS AND DISCUSSION 

Table 1 shows the(%) adsorption of H2S on CMD and EMD, based on the theoretical 
mass of H2S generated. In this table, 100% adsorption means that no H2S reacted with the 
standard solution of As3

+, keeping the original concentration of As3
+ in flask C.The following 

reactions are related to the adsorption ofH2S indicated by (H2S)ads 

Flasks A). FeS (s) + 2 HCI ~ H2S (g) + Fe2
+ + 2 er 

B) H2S (g) + Mn02 (s) ~ (H2S)ads I Mn02 

C) H2S (excess) + As3
• ~ As2Si(s) 

Due to the high concentration of As3
+ used (996 µg.mr'), the remaining As3

+ in flask C was 
accordingly titrated with iodine, and the H2S sorbed on Mn02 was calculated by the difference of 
(H2S) in flasks A and C. 

Table 2 shows the HCN adsorption on Mn02 , with the following reactions in flasks A, B, 
and C respectivelly: 

A) KCN + HCI ~ HCN (g) + KC! 

B) HCN (g) + Mn02 (s) ~ (HCN)<actsJ /Mn02 

C) HCN (g) (excess) + NaOH ~ NaCN + H20 

The spectrophotometric method of barbituric acid was employed for (CN) determination. 
The difference among the total cyanide concentration and the CN. that remained in flask A plus 
the cyanide collected in flask C represents the (HCN)(ads.J 

Table 3 shows the adsorption of arsine on Mn02 and the following reactions could be 
considered: 
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Table I .Percentage ( mlm) of hydrogen sulfide adsorption on Mn02 (*) 

theoretical 
sample number mass ofFeS (g) massofH2S (%)adsorption on 

used generated (mg) CMD EMD 

1 0.500 194 100 95 

2 0.850 329 100 84 

3 0.925 358 100 81 

4 0.950 368 96 78 

<, 1 /lflfl ~24 R7 7<, 

(*) % adsorption based on theoretical mass ofH2S generated. Average of three 
determinations with an estimated error of ± 6 % . 

Table 2.Percentage (m/m) ofHCN adsorption on Mn02 (#) 

sample number theoretical mass l % ) actsorpt1on on 
ofHCN generated CMD EMD 

(mg) 

1 49 100 100 
2 313 100 100 

3 326 96 85 

(#)%adsorption based on the theoretical mass ofHCN generated. Average of three 
determinations with an estimated error of ± 6 % . 

Table 3.Percentage (m/m) of AsH3 adsorption on Mn02 (*) 

Sample number theoretical mass of % adsorption on 
AsH3 generated (mg) CMD EMD 

1 26 100 100 
2 63 100 100 

3 158 98 90 

(*) % adsorption based on theoretical mass of AsHJ generated. Average of five 
determinations with an approximate error of ± 4 %. 
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Figure 3. Dependence of contact and shaking time for Hg2+ adsorption on Electrolytic Manganese 
Dioxide (EMD) 
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X/M = concentration ratio of adsorbate (Hg2+) and adsorbent (EMD). C = Hg2
• 

concentration in solution determined by cold vapor atomic absorption spectrometry using SnClz as 
reducing reagent. 

Figure 4. Freundlich adsorption isotherm ofHg2
+ on Electrolytic Manganese Dioxide (EMD) 



SOUTH. BRAZ. J. CHEM., Vol. 6, N° 7, 1998 

Adson>ti;on of (}9i;el) on }!anganei;e JJi9,xide 

A). As3+ + 3 Zn(s) + 6 HCl (aq.) ~ AsH3 (g) + 3 ZnCh + 3 W 

B). AsH3 (g) + Mn02 (s) ~ (AsH3)(ad•l/Mn02 

HiS (g) + Pb2+ ~ PbS (s) + 2 W 

C). 6 Ag+ + AsH3 (g) ~ y+ (aq.) + 6 Ag(s) + 3 W 

As3+ + 3 e = As(s) E = - 0.45 volts (polarographic cell) 

As3+(aq.) is an electroactive substance and its concentration was determined by differential 
pulse polarography . The lead acetate used in (B) was to prevent Mn02 from sulphide 
contamination15

• For instance, this method was used in determination of arsenic in bituminous 
coal with high sulfur concentration. 

The adsorption studies of elemental mercury were carried out using the classical mercury 
distillation apparatus, and the following reactions could be considered: 

B) distilled mercury collecting flask: Hg (I) B Hg (g) 

A) Hg(g) + Mn02 (s) ~ (Hg) (ads)IMn02 

(Hg)(ads.J /Mn02 + diluted HN03 ~ Hg(!) + HJO+ + N03. + Mn02 (s) 

The concentration of Hg(!) was determined by CV AAS. The mercuric ion adsorption on 
Mn02 represented by (Hg2+ )(ads.) was performed with the following reactions: 

Hg2+ (aq.) (pH= 4.5) + Mn02 (s) ~ (Hg2+ )(ads)IMn02 

(Hg2J(ad•l !Mn02 + diluted HN03 ~ Hg2+(aq.) + H30+ + No3· + Mn02 (s) 

Hg2+ (aq.) + SnCh ~ Hg(!) + Sn4+ + 2 er 
The concentration of mercury was also determined by CV AAS. Figure 3 shows the 

dependence of shaking and contact time for Hg2+ adsorption on EMD. The adsorption efficiency 
increased at higher temperature (60°C) if compared with room temperature(25°C). At 60°C and 
pH 4.5 , that is slightly higher than the PZC of Mn02, the adsorption process is very high from 
time zero until 30 minutes of reaction. It was also observed that in liquid media the adsorption 
efficiency ofEMD was better than CMD. However, Freundlich isotherm were followed for both 
adsorption process (Figure 4 ). 

The studies performed using manganese dioxide as adsorbent and gaseous substances as 
adsorbates showed some differences between CMD and EMD. Due to its porosity, the sorption 
efficiency of HzS , HCN , Aslli, and Hg were higher on CMD. On the other hand, EMD has 
better physical characteristics and efficiency for adsorption in liquid media. It was also observed 
that the adsorption of Hg2+ on Mn02 changes the pH quickly. Starting at 4.5, the pH increases to 
6.5 after 30 minutes of adsorption. 
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ABSTRACT 

.17 

The binuclear copper(IJ) complexes Cu2(L-4H)(H20)2 (L = N,N'-bis 
(carboxymethyl) dithiooxamide - GlyDTO and N,N'-his(J-carboxyethyl) dithiooxamide 
-AlaDTO) and Cu2(L '-2H)Cli (L' =methyl or ethyl ester of L) were synthesized. The 
structure of the complexes were studied employing IR, electronic and ESR 
spectroscopy and conductivity measurements. The IR data indicate that the ligands act 
as bistridentates, with N, S, 0 - coordination to the copper(Il) ion. 

RESUMO 

Os complexos binucleares de cobre (II) Cu (l-4H)(H oJ 2 (L= N,N'-bis(carboximetil) ditiooxamida -GlyDTB e N,N 1 -Sis 
(l-carboxietil) ditiooxamida - AlaDTO e Cu (L'-2H)CZ

2 
(L' = 

ester de metila OU etila de L) foram sinte~izados. A estrutura 
dos complexos foi estudada usando tecnicas de espectroscopia 
eletronica, no infravermelho e de ressonancia do spin do eletron. 
Os resultados obtidos no infravermelho indicam que os Zigantes 
sao bis-tridentados, com coordena~ao do N,S e 0 com o ion 
de Cu( II). 

KEYWORDS: ethanedithioamides, copper(II) complexes, ESR spectroscopy, square 
planar complexes. 
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18 Complexes of Cu( II) with Dithiooxamides 

INTRODUCTION 

In the last years, 0. Kahn and coworkers have described several copper(II) 
binuclear complexes with N,N' - dithiooxamides derived from aminoacids, peptides and 
esters of aminoacids or peptidesl,2. Recently, the synthesis, crystal structure and 
magnetic properties of binuclear copper(II) complexes bridged by dithiooxamidate group 
were reported3-5. The magnetic behaviour of these compounds revealed that the metal 
centers were strongly coupled in an antiferromagnetic way2. 

N,N' - disubstituted dithiooxamides have interesting properties as complexing 
agents, since it is possible to obtain ionic, neutral or polymeric metal complexes 
depending on the pH of the solution, solvent or metal salt6,7. Internal rotation around the 
C-C bond in the molecules of dithiooxamides allows the preparation of complexes of 
trans or cis configurations. 

In this paper we describe the synthesis of the Cu(II) complexes with N,N'­
disubstituted dithiooxamides: 

R'OOC-- CH- NH- C - C - NH- CH-COOR' 

I II ii I 
R S S R 

R = R' = H, N,N' - bis (carboxymethyl)ethanedithioamide (L1 - GlyDTO) 
R = CH3; R' = H, N,N' - bis (1-carboxyethyl)ethanedithioamide (L:z - AlaDTO) 
R = H; R' = CHJ, N,N' - bis (methoxycarbonylmethyl)ethanedithioamide (L3 - GlyOMeDTO} 
R = R' = CH3, N,N' - bis (1-methoxycarbonylethyl)ethanedithioamide (14 - AlaOMeDTO) 
R = H; R' = CH2-CH:i, N,N' - bis (ethoxycarbonylmethyl}ethanedithioamide (Ls- GlyOEtDTO} 
R = CH3; R' = CH2-CH:i. N,N' - bis (1-ethoxycarbonylethyl)ethanedithioamide (L,; - AlaOEtDTO). 

The L4 ligand has been structurally characterized. The results are indicative of a 
trans configuration of the molecule9. Upon loosing two protons, this molecule is expected 
to play the role of a novel bis(tridentate)bichelating ligand. The structure of the 
complexes were deduced from IR, electronic and ESR spectra and conductivity 
measurements. 

EXPERIMENTAL PART 

Materials. All solvents and chemicals were AR grade and used without further 
purification. The ligands L1 - L6 were prepared according to literature methods2,IO. 
Preparation of the complexes. The complexes Cuz(L - 4H)(H20)2 type were prepared by 
adding 0,236 g ( 1 mmole) of L 1 (or 0.264 g, 1 mmole of Lz) to a solution of 0.5 g (2 
mmole) of CuS04·5H20 in 10 ml of water. The mixture was stirred during half an hour. 
The resulting solid was filtered after two days, washed with hot water and dried under 
vacuum. These complexes are insolubles in the usual solvents. The complexes 
Cu2(L' - 2H)Clz type were prepared by adding 0.264 g (I mmole) of LJ (or 0.292 g, I 
mmole of L4 and Ls or 0.320 g, lmmole of L6) to a solution of 0.270 g (2 mmoles) of 
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CuC!z in 10 ml ethanol. The mixture was stirred during 15 minutes. The resulting solid 
was filtered, washed with ethanol and dried under vacuum. The complexes are very 
soluble in DMF. 
Physical measurements. Elementary analyses were been performed with a Carlo Erba 
LI 108 automatic analyzer (C, H). Copper contents of the complexes were determined by 
a conventional methodll. IR spectra were recorded on a FT-IR BIORAD FTS 
spectrophotometer in the 4000 - 500 cm-I and on a SPECORD M80 Carl Zeiss Jena 
spectrophotometer in the 500 - 250 cm-I, in KBr pellets. The electronic spectra of 
complexes with ligands L 1 and Lz were obtained by the diffuse reflectance method, using 
MgO as a dilution matrix with SPECORD M40 Carl Zeiss Jena. The electronic spectra of 
complexes with ligands LJ - L6 were studied with a SHIMADZU UV 160A 
spectrophotometer, using DMF solutions. The ESR spectra of copper(II) complexes were 
recorded on polycrystalline powders at room temperature with a ART-5 spectrometer 
operating in the X-band at JOO kHz modulation. In order to determine the g values, we 
used Mn2+ ion in a CaO matrix as standard.. Conductivities were measured at room 
temperature in DMF with a HACH TDS - meter. 

RESULTS AND DISCUSSION 

The coordination behaviour of GlyDTO and AlaDTO was studied by isolating 
and characterizing the binuclear neutral cobalt(Il) complexesl2. The analytical results and 
conductivity values for the complexes are given in Table I. The molar conductance of 
10-3M DMF solutions of the complexes were found to be in the range 
5.8-10.8 ohm-l·cm2·mol-l. The complexes may be regarded as essentially 
nonelectrolytes. 

Selected IR spectral data are summarized in Table 2. Figures I and 2 shows the 
spectra of L1 ligand and Cu2(L1-4H)(H20)2 complex. Differences between the infrared 
spectra of the ligands and those of all their copper complexes are confined to regions of 
3200, 1700, 1500 and 890 cm-1. The loss of the two protons of the carboxy group of the 
GlyDTO and AlaDTO is confirmed by the dissapearance of the vco(C02) vibration!, at 
1712 cm-1 and 1715 cm-I respectively, as can be seen in Figures I and 2. The frequency 
at -3200 cm-I assigned to v(NH) vibration disappears in all spectra of the complexes. 
This shows that a deprotonation of the N-H group has occured upon coordination. 

The v(CN) vibration for ligands is assigned to the intense band at 1516, 1495, 
1517, 1532, 1519 and 1526 cm-I respectively. The same vibration is found in the spectra 
of all complexes at a higher frequency (1582, 1574, 1579, 1556, 1580 and 1553 cm-I 
respectively). This increase in frequency can be explained as resulting from a greater 
double bond character of the carbon - nitrogen bond upon complex formation13. 

The band involved between 845 - 899 cm-I for ligands, assigned to the v(CS) 
vibration is shifted to 834 - 874 cm-I for complexes. The frequency decrease can be 
explained by the lesser double bond character of carbon - sulphur bond upon 
complexationl4. In the infrared spectra, below 500 cm-I, almost all the bands of the 
ligands are observed in the spectra of the complexes and the few distinct new bands can 
be assigned to complex modes. The assignments of the new far infrared bands to v(CuO) 
(340 - 352 cm-1), v(CuS) (325 - 335 cm-I) and v(CuN) (260 - 290 cm-1) are in agreement 
with literature data13,15,16. 
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Corrrplexes of Cu( II) with Dithiooxamides 

Table 1. Elementary analysis and molar conductivities of the complexes. 

Complex Colour %C %H %Cu llM 
exp, calc. exp. calc. exp. calc. (ohm·l·cml·moJ-1) 

Cu2(L1- 4H)(Hz0)2 dark-green 17.89 18, 18 2.40 2.02 31.98 32.32 • 
Cu2(L2 - 4H)(H20)2 dark-green 22.17 22.64 2.98 2.83 30.04 30. 18 • 
Cu2(L3 - 2H)C{z brown 20.63 20.82 2.43 2.16 27.56 27.76 10.85 
Cu2(L4 - 2H)C{z brown 24.32 24.53 2.97 2.82 26.05 26.17 I0.49 
Cu2(Ls - 2H)Clz brown 24.27 24.53 2.93 2.82 25.98 26.17 5.8 
Cu2(4 - 2H)Clz brown 27.56 27.85 3.65 3.48 24.36 24.75 5.9 

* These complexes are insolubles in DMF. 

Table 2. Infrared bands (cm-1) of ligands and complexes. 

Compound V(NH) V(CO) V(CN) V(CS) 
(CSNH) (C02) (CSN) 

Ll 3237 1712 1516 895 
Cu2(L1- 4H)(H20)2 1582 869 

Lz 3224 1715 1495 886 
Cu2(L2 - 4H)(H20)2 1574 834 

L3 3225 1734 1517 889 
Cu2(L3 - 2H)Clz 1656 1579 864 

L4 3177 1737 1532 845 
Cu2(L4 - 2H)C12 1664 1556 836 

Ls 3229 1731 1519 899 
Cu2(L5 - 2H)Clz 1647 1580 874 

L6 3193 1735 1526 863 
Cu2(L6 - 2H)Clz 1667 1553 859 
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Fig. 2. IR spectrum ofCu2(L1-4H)(H20h complex 
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Complexes of Cu(IIJ with Dithiooxamides 

Table 3. Electronic spectra of the complexes (A.max in nm). 

Complex 

Cu2(L1- 4H)(H20)2 
Cu2(L2 - 4H)(H20)2 
Cu2(L3 - 2H)C'2 
Cu2(L4 - 2H)C'2 
Cu2(L5 - 2H)C'2 
Cu2(L6 - 2H)C'2 

1t ~it* 

333 
327 
348 
320 
342 
332 

Assignments 
cr(S) ~ Cu(II) CT 

440 
468 
488 
485 
478 
472 

Table 4. ESR data for the copper(II) complexes. 

Complex g1 g11 gz g.L gJ 

Cu2(L1- 4H)(H20)2 
Cu2(L2 - 4H)(H20)2 
Cu2(L3 - 2H)C'2 2.27 2.14 
Cu2(L4 - 2H)C'2 
Cuz(Ls - 2H)Clz 
Cu2(L6 - 2H)Clz 2.40 2.15 1.87 

giso 

2.18 
2.18 

2.16 
2.11 

d-d 

606 
634 
615 
630 
620 
638 
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CompZexes of Cu(IIJ with Dithiooxamides 

The assignments of the absorption bands from the electronic spectra of the 
complexes are reported in Table 3. The UV - VIS spectrum of the Cu2(L1-4H)(H20)2 
complex in the solid state is given in Figure 3. The spectra of the complexes exhibit a 
very strong and very broad band at about 440 - 488 nm. This band involves the cr(S) ~ 
dx2-y2 (Cu(II)) ligand ~ metal charge transfer transition2,1'7. This S (thioamide) ~ 
copper(Il) transition appears at lower energy when the ligand field is weak (halogen 
donor atom) as compared to the case when the ligand field is strong (oxygen donor 
atom)2. The band at 606 - 638 nm is due to ad - d transition .. For Cu2(L-4H)(H20)2 
complexes the wavelength of the d- d bands are fairly typical of square - planar 
stereochemistry with the CuSN02 cromophore2. The d - d bands observed in the spectra 
of Cu2(L'-2H)Clz complexes seem to indicate a square - planar symmetry around the 
Cu(II) ion17. 

ESR spectra of some of the complexes are shown in Figure 4. The g values for all 
complexes are given in Table 4. The powder ESR spectra of Cu2(L-4H)(H20)2 
complexes exhibit an almost symmetrical signal. The g values are in agreement with 
literature data for similar complexes!. The g values of Cu2(L'-2H)C'2 complexes are 
similar with literature data for other N,N' - disubstituted dithiooxamide complexes IS. No 
il.Ms = 2 signal is detected, probably because of the very weak magnitude of the zero 
field splitting I. Considering the g values, a predominant dx2-y2 ground state is 
indicatedl8. As the covalency increases, the energies of the excited states rise, so that the 
orbital contribution to g become less effective and g becomes closer to the free electron 
value19. 
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DIFFERENTIAL PULSE POLAROGRAPHIC 

DETERMINATION OF ARSENIC IN BITUMINOUS COAL 

Eurica, M. Nogami; Gracinda, M. Dalmeida and Jorge Nozaki (*) 

(*) Departamento de Quimica , Universidade Estadual de Maringa 

87020-900 Maringa, Parana, Brasil. Fax: 044-263-5116. 

ABSTRACT. Differential pulse polarography was employed for the determination of 
arsenic in bituminous coal from Figueiras, Parana, Brazil. The dried coal sample was 
crushed to - 100 mesh, ashed and treated with reducing reagents in acidic media. The 
arsine generated was collected and selectively oxidized to Ai+ using an absorbing 
solution of 0.1 mol.L"1 [tr is( hydroximethyl) aminomethane] ( TRIS) and 0. 002 mol.L"1 

silver nitrate. A solution of TRIS and hydrochloric acid, pH -1, was used as supporting 
electrolyte for differential pulse polarographic determination of Ai' in the concentration 
range 0.05 - 0.60 µglmL. The average arsenic concentration found was 69.0 ± 2.6 mg.kg·1 

and was in agreement with the spectrophotometric method using silver­
diethyldithiocarbamate-pyridine. 

RESUMO. 0 teor de arsenio em carviio betuminoso de Figueiras, Estado do Paranti, 
Brasil, Joi determinado por polarogrqfia de pulso diferencial. Ap6s a secagem o carviio Joi 
trilurado a - I 00 mesh, calcinado e, a seguir, tratado com agentes redutores em meio 
acido. A arsina Joi coletada e seletivamente oxidada a Ai+ utilizando como soluryiio 
absorvedora o TRIS [ tris( hidroximetil)aminometanoj 0,1 mol.L"1 e nitrato de prata 
0,002 mol.L"1

• Uma soluryiio de TRIS e acido cloridrico, pH -1, Joi utilizada como eletr6lito 
suporte na determinaryiio de Ai+ por polarogrqfia de pulso diferencial, no intervalo de 
concentrar;oes de 0,05 a 0,60 µg.ml"1

• A concentraryiio media do arsenio encontrado Joi de 
69,0 ± 2,6 mg.kg·1 concordando com o metodo classico espectrofotometrico de 
dietilditiocarbamato de prata e piridina. 

Key words: arsenic, bituminous coal, differential pulse polarography, spectrophotometry. 

(*) To whom correspondence should be addressed 
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Polarographia Determination of Arsenia 

INTRODUCTION 

Arsenic is a constituent of numerous minerals and is found most frequently in 
association with sulfur, especially as arsenopyrite, palladium as arsenopalladinite, gold, 
uranium, etc 1

• Soils associated with gold deposits contain between 300 and 5000 p.p.m. of 
arsenic compounds. This association of arsenic with valuable elements has led to suggestion 
of its use as a geological prospecting marker. The arsenic content of plants could be used as 
a biogeochemical indicator, in particular, as a pathfinder element for gold 2

• 

Arsenic is also present in coa~ shale oil, and petroleum. The redistribution of arsenic 
by fossil combustion has important environmental consequences. Natural phenomena such as 
wheathering, antropogenic imputs, biological and volcanic activity are responsible for the 
emission of arsenic into the atmosphere 3

•
4

• 

Coal produces up to 30 % of its weight as fly ash after combustion, and increased 
coal usage presents problems regarding the disposal ofthis material5• Arsenic concentrations 
in groundwater are usually below 5 µg.1· 1 

, but geochemical mobilization, contaminated 
soils in industrial regions and the use of arsenic pesticides lead locally to enhanced 
concentrations 6• 

7 
• 
8

• In natural waters the speciation and distribution of dissolved arsenic are 
influenced by the differential scavenging of As(III) and As(V) by iron and manganese 
oxides9

•
10

• Generally, adsorption of arsenite is relatively lower as compared to arsenate 
ions7.This paper presents a novel procedure for arsine generation and determination of 
As(III) in bituminous coal by means of differential pulse polarography(DPP). 

EXPERIMENTAL 
Apparatus 

A polarograph (Radelkis-Hungary-OH-107 ), with a platinum wire in contact with 
mercury pool as reference electrode, scan rate (2 mV.sec·1

), pulse amplitude (50 mV.sec.1
), 

sensitivity of 0.2 µA, and mercury dropping time of 2 sec were employed. 
Spectrophotometric determination of As:DDTC: pyridinium complex11 was performed with 
UV-VIS spectrophotometer Beckman DU-70 and 1 cm quartz cubets. 

Reagents 
Nitric acid (d = 1.40, Merck); hydrochloric acid, 37%, Merck; 

tris(hydroxymethyl)aminomethane, 99 % - TRIS, Sigma, and standard reference of 
bituminous coal ( 3.72 mg.kg.1

), National Institute of Standards and Technology-USA were 
used. The following chemicals (Aldrich-USA) were also employed:Thallium(III) nitrate 
trihydrate,98 %; tellurium(IV) chloride, 99 %; germanium tetrachloride; selenium(!) 
chloride; antimony(III) oxide, 99%; tin(II) chloride, 98%; Arsenic free granulated zinc , I 00 
mesh; silver nitrate, 99%; potassium iodide, 99%; arsenic(III) oxide, 99%; 
diethyldithiocarbarnic acid, silver salt, 99%; AgDDTC; pyridine, 99%. 

Arsine generation 
Coals samples were obtained from the CNEN (National Commission of Nuclear 

Energy - Brazil ) site located 3 miles northwest of Figueiras, Parana, Brazil. Figueiras has 
one of the most important deposits of bituminous coal in Parana State, mainly because ofits 
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uranium content (see Table !).Dried coal samples were ground to - JOO mesh and 3.00 g 
were transferred to a porcelain crucible and ignited at 450°C for 3 hours. After cooling, the 
sample was transferred to a flask A as shown in Figure I. Five mL of concentrated HCl , 5.0 
mL (0.1 mol.L'1) Kl , 0.50 mL (1.0 mo1.1·1

) SnCh , and 1.50 g of granulated Zn were also 
added to the same flask 11 

• After conecting the flasks A and B, the arsine generated in flask 
A was absorbed in flask C with a solution of0.020 M AgNOi and 0.10 M TRIS , at pH 
6.2 . The absorbed arsine was then selectively oxidized to As3+ in this medium. The glass 
wool and lead acetate in flask B were used for sulfide hydrogen absorption. 

Differential pulse polarographic determination of As3
+ 

An acidic solution , pH - I , of 0.10 mol/L TRIS-HCl was employed as 
supporting electrolyte for DPP measurements at the dropping mercury electrode. An aliquot 
of 1.00 mL of standard solution of As3+ prepared from As20i was added to the 
polarographic cell containing 2 mL of pure mercury, and I 0.0 mL of supporting electrolyte. 
Deaeration was performed with pure nitrogen for 15 minutes and the polarograms recorded 
from 0 to - 1.6 volts. The optimum concentration range observed in the polarographic cell 
was 0.05 - 0.60 µg(As).mL· 1 as measured from standard curves. 

Two different methods of standard addition were used for arsenic determination 
in bituminous coal. I) Addition of known concentration of As3+ to the flask used for arsine 
generation, recording the polarogram after addition of the sample (1.00 mL) to the 
polarographic cell with a known concentration of As3+ . This polarogram was compared 
with the polarogram of the sample added to the polarographic cell, without addition of 
standard solution of As3+ for arsine generation . 2) A polarogram with a known 
concentration of As3+ was recorded . A new polarogram was recorded again after addition 
of the sample (1.00 mL) to the polarographic cell. Standard reference of bituminous coal 
( 3.72 mg (As ).kg'1 

) was used to compare the efficiency of the proposed method. 
The classical spectrophotometric method of Gutzeit measuring the color formed by 

the reaction of arsine and a solution of silver diethyldithiocarbarnate (AgDDTC)-pyridine 
was also used for comparative purposes11

• Interference studies of substances that also form 
volatile hydrides were performed after addition of I Oµg.mr 1 of each solution to flask (A) 
before arsine generation. 

RESULTS AND DISCUSSION 

As3+ recorded from acidic media undergoes three distinct reduction steps(Figure 2). 
The only important peak for quantitative purposes is Ep = -0.45 volts where the reaction is 
diffusion-controlled and proportional to the As3+ concentration in the polarographic cell. 

The following reactions probably occur in flasks A (arsine generation11
), B( selective 

oxidation to As3+) , and the polarographic cell respectively: 

As20s (s) + 10 H' + 4 e => 2 As3+ + 5 HiO 
As3+ + 3 Zn(s) + 6 HCl (aq.) => AsHi (g) + 3 ZnCh + 3 H+ 
6 Ag+ + AsHi(g) => As3+ (aq.) + 6 Ag(s) + 3 W 

(A) 
(B) 

3+ ( As aq.) + 3 e = As(s) Ep = - 0.45 volts ( polarographic cell ) 
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Table I. Coal Reserves in Parana State 12 

District coal ( tonne - in situ ) 

Ortigueira 2,227,000 

Figueiras 31,200,000 

Telemaco Borba 1,800,000 

Sapopema 42,000,000 

Total 77,277,000 

B 

[bl 
c 

Agure 1. Apparatus used for arsine generation 

% of total 

2.9 

40.4 

2.3 

54.4 

100 

A = 125 ml flask 
[b) = glass wool Impregnated 

"'1th lead acetate 
C = solution of TIUS and 

silver nitrate 
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Figure 2. Differential ·pulse polarography (OPP) of ~+ in TRIS-HCL 
as supporting electrolyte. 

Table 2. Arsenic Found in Bituminous Coal from Figueiras, PR., Brazil. 

Samples 

2 

3 

4 

5 

6 

7 

8 

spectrophotometry ( mg.kg·1 
) 

68.77 

64.78 

69.49 

65.03 

71.04 

64.54 

69.18 

72.24 

Average 68.06 ± 2.99 

DPP ( mg.kg·1 
)' 

67.26 

66.89 

73.00 

67.81 

72.77 

69.14 

70.16 

72.64 

69.96 ± 2.57 

31 

Spectrophotometric conditions: 'A= 540 run; rauge of As3
+ concentration 0.5 - 3.0 µg/mL 

(*) Average of 5 determinations. 

DPP =Differential Pulse Polarography. 
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The lp observed at - 0.45 volts was proportional to As3
+ concentration. No 

interferences were observed with tellurium (IV) , thallium (III), germanium(IV), antimony 
(III) , and selenium(!). Table I summarizes some important coal deposits in Parana State, 
Brazil. Figueiras is the most important reserve because of its uranium content12 

• Table 2 
shows the arsenic content found in bituminous coal from Figueiras by DPP (differential pulse 
polarography) and spectrophotometric methods. 

The proposed method of arsenic determination by differential pulse polarography is 
very simple and useful for a complex samples like bituminous coal. Using the standard 
addition method for arsine generation, the recovery of As(III) was almost complete and no 
systematic error was observed. The results were in agreement with the spectrophotometric 
method using silver diethyldithiocarbarnate-pyridine solution. 
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ABSTRACT 

Starting from 2-ro-bromoacetylphenoxathiin and using the Kornblum 
reaction the corresponding glyoxal 2 was synthesized. This was used for the 
syntheses of the monoxime 3, dioxime 4 and quinoxalinyl 5 derivatives. By 
treatment with thiourea 4-(2-phenoxathiinyl)-2-aminothiazole hydrobromide 
7 was obtained. Some new ammonium and phosphonium salts was also 
prepared.Chemical and spectral data supporting the structure of the newly 
synthesized compounds are also presented. 

RESUMO 

Comeqando aom 2-w-bromoaaetilfenoxatiina e usando a 
reaqao de Kornblum, o glioxal aorrespondente 2 foi sinteti­
zado. Este foi usado para a s{ntese dos derivados da nomoxima 
3, dioxima 4 e do quinoxalinil 5. 0 hidrobrometo de 4-(2-fenoxa­
tiinil)-2-aminotiazol 7 foi obtido atraves de tratamento aom 
ureia. Alguns sais novos de amonio e fosfonio tambem foram 
preparados. Dados eepeatrais e qu{miaos que aomprovam a 
estrutura dos aompostos novos sintetizados sao apresentados. 

KEYWORD: Phenoxathiin, ammonium salts, thiazole, glyoxime. 
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Phenoxathiin Cherrristry 

INTRODUCTION 

Phenacyl-, heteracylhalide respectively are important reagents for 
organic synthesis which allow access to sulfonium, ammonium, 
phosphonium or selenonium salts. Starting from these substances, through 
the respective ylides, various heterocyclic compounds can be obtained 1

•
9

• 

The present paper describes the synthesis of some new products based 
on 2-ro-bromoacetylphenoxathiin according with the scheme 1 and 2 and is 
part of a systematic research connected with structure-biological activity of 
compounds of the phenoxathiin class. 

EXPERIMENTAL 

Melting points were determined in an open capillary and are 
uncorrected. IR spectra were recorded in KBr pellet with an UR-20 
apparatus. 

1H- and 13C-NMR spectra were recorded on a Varian Gemini 300 
spectrometer using CDC13, DMSO-d6 as solvent and TMS as internal 
standard. MS spectra were performed on JEOL GC mate spectrometer. 

Thin layer chromatography (TLC) was performed on plates of silica 
gel 60-254 (Merck), unidimensional technique. Detection of compounds 
was done by UV light (/"=254 nm), iodine and sulfuric acid spray. 

2-ro-Bromoacetylphenoxathiin (1): 

To a solution of 15 g (0.0062 mole) of 2-acetylphenoxathiin 
(m.p.=118-119°) in 70 mL glacial acetic acid, 3.2 mL (9.92g; 0.062 mole) of 
bromine in 30 mL glacial acetic acid were added, under heating at 50-60° 
and stirring. After cooling , the precipitate was filtered off, washed with 
water, affording 17.2 g of the compound 1 (86.5%).m.p.=146-147°. 

After recrystallisation from glacial acetic acid, yellow crystals with 
m.p.=147-149° were obtained. For the purified 2-ro­
bromoacetylphenoxathiin, the literature indicates the following melting 
points: 13410

, 128-131 12
, 144-14511

• 

2-Phenoxathiinylglyoxal hydrate (2): 
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A mixture of 3 g (0.009 mole) 2-ro-bromoacetylphenoxathiin and 
17 .5mL dimethyl sulfoxide was heated at 40° up to dissolving . The solution 
was maintained 72 hours at room temperature and then poured into 100 mL 
water. The precipitate was filtered off and washed with water. The yield of 
2 was about 2.54 g (99.2%) m.p.=117-125°. After recrystallisation from 
90% acetic acid m.p.=132-134°.[lit12 m.p.=130-132°]. TLC: Rf=0.77 
(chloroform-methanol 4.5 : 0.5 v/v; detection: sulfuric acid spray - spot 
violet-red). IR(cm·1 ): 3400(large bands characteristic to aldehyde hydrate), 
1690 (CO), 830(Y2cH), 742(Y4CH); 1H-NMR(DMSO-d6, oppm): 7.92(d,1H,H-
1), 7.91(dd,1H,H-3), 7.26(m,1H,H-9), 7.24(m,1H,H-7), 7.20(d,1H,H-4), 
7.12(td,1H,H-8), 7.1 O(dd,lH,H-6), 6.83(d,2H,OH), 5.6l(t,1H,CH(OH)2); 
13C-NMR (DMSO-d6, oppm): 194.22(CO), 154.59(C-4a), 150.36(C-5a), 
130.42(C-2), 130.1 l(C-l), 128.53 (C-7), 128.39(C-3), 127.04(C-9), 
125.59(C-8), 119.12 (C-1 Oa), 118.12 (C-9a), l l 7.82(C-6), 1l7.63(C-4), 
89.57(CH(OH)2). 

2-Phenoxathiinylglyoxal monoxime (3): 

To 2 g (0.0073 mole) of 2-phenoxathiinylglyoxal hydrate, 10 mL 
pyridine and 10 mL methanol, 0.5 g (0,0072 mole) of hydroxylamine 
hydrochloride were added. The mixture was kept at room temperature for 6 
hours, then was poured into ice-water. The precipitate was filtered and 
1.42g (71.7%) crystals with m.p.=181-183°, were obtained. After 
recrystallisation from ethanol m.p.=182.5-186°.TLC: Rf=0.70 (chloroform: 
methanol 4.5 : 0.5 v/v; detection sulfuric acid spray - violet spot); 1H­
NMR(DMSO-d6,oppm): 12.73(s, lH, NOH), 8.0l(s, lH, CH), 7.87(d, lH, 
H-1), 7.84(dd, lH, H-3), 7.27(m, lH, H-9), 7.25(m, lH, H-7), 7.20(d, lH, 
H-4), 7.13(td, lH, H-8), 7.ll(dd, lH, H-6); 13C-NMR(DMSO-d6, oppm): 
186.56(CO), l 54.62(C-4a), 150.28(C-6a), 147.6l(CH=NOH), 132.74(C-2), 
130.3l(C-l), 128.6l(C-3), 128.56(C-9), 127.05(C-7), 125.62(C-8), 
l 19.22(C-l Oa), 1l7.99(C-9a), 117.83(C-6), 117.58(C-4). 

Anal. calcd. for C14H9N03S: S, 12.46 , Found: S, 12.13. 

2-Phenoxathiinylglyoxal dioxime ( 4): 

To a mixture of 1 g (0.0036 mole) of2-phenoxathiinylglyoxal, 0.7 g 
(0.01 mole) of hydroxylamine hydrochloride, 14 mL pyridine and 14 mL 
methanol were added. The reaction mixture was refluxed one hour, then was 
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concentrated under low pressure and the obtained residue was poured in 
water to give l.03g (99%) of 4. The dioxime recrystallised from methanol 
leads to crystals with m.p.=212.5-213.5°. TLC: Rf=0.63 (chloroform­
methanol 4.5:0.5 v/v; detection sulfuric acid spray-spot violet bleu); IR( cm· 
1): 3200-3300, 1450 (OH), 1615 and 950 (C=NOH), 830(y2cH), 742 (Y4CH); 
1H-NMR (DMSO-d6, l>ppm): 11.99 and 11.98 (s, 2H, NOH), 7.85 and 
8.44(s,1H,-CH=N-), 7.43(d,1H,H-l), 7.4l(dd,1H,H-3), 7.26(m,1H,H-9), 
7.23(m,1H,H-7), 7.12(m,1H,H-8), 7.ll(d,lH,H-4), 7.lO(m,lH,H-6); 13C­
NMR(DMSO-d6, l>ppm): 140.39 and 147.44(-CH=N-), 151.54(C-4a), 
150.99(C-5a), 149.44(>C=NOH), 130.8l(C-2), 128.44(C-l), 128.38(C-7), 
127(C-9), 126.81 (C-3), 125.22(C-8), l l 8.64(C-l Oa), l l 8.64(C-9a), 
l l 7.73(C-4), l l 7.20(C-6). MS: 286(M). 

Anal. calcd. for C14H10N20 3S: S,11.20; Found S, 10.92. 

2-(2' -Ouinoxalinyl)phenoxathiin (5): 

A: According to the literature indications10, from 0.85g (0.026 mole) 
of 2-ro-bromoacetylphenoxathiin, 0.866g (99.7%) crystals with m.p.=173-
1750, were obtained. 

37 

B: o-Phenylendiamine (0.2lg, 0.0018 mole) was added to a solution 
of 2-phenoxathiinylglyoxal(0.5lg, 0.0018 mole) in 20 mL ethanol, under 
heating until a solution was obtained. The mixture was refluxed one hour, 
maintained at room temperature 24 hours, then filtered off and 0.46g 
(75.4%) crystal were obtained. m.p.=194-196° [lit10 m.p.=174°]. Compound 
was recrystallised from methyl ethyl cetone, m.p.=199-200°. TLC: Rf=0.41 
(benzene : ethyl acetate 4.5 : 0.5 v/v ;detection-sulfuric acid spray-spot 
violet); IR(cm-1

): 1610(C=N); 1245(C-0-C); 825(y2cH); 750(Y4cH)· 
Anal. calcd. for C20H12N20S: S, 9.76; Found S, 9.49. 

2-Phenoxatiinylcarbonylmethyl acetate (6): 

To a mixture of 0.46 mL (0.48g, 0.008 mole,d=l.049) acetic acid, 10 
mL dimethylformamide and lmL (0.73 g.0.007 mole, d=0.726) 
triethylamine, 1.6 g (0.005 mole) of 2-ro-bromoacetylphenoxathiin were 
added. The reaction mixture was lightly warm for 5 minutes, and maintained 
at room temperature for 24 hours. The solid product was filtered off, and 
water was added to filtrate. 
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The new precipitate, which was formed, was filtered, washed with 
water and air-dried to provide 6 (1.29g, 86.6%). This was recrystallised 
from ethanol to yield a solid, m.p.=132.5-133.5. TLC: Rf=0.68 (chloroform 
: ethanol 9.5:0.5 - v/v ; detection: sulfuric acid spray- spot dark-red); 
IR(cm-1

): 1750(CO); 1690(CO); 1220(C-0-C); 825(y2cH); 765(Y4cH); 1H­
NMR(CDCIJ, 6ppm): 7.63(s, lH, H-1), 7.61(d, lH, H-3), 6.94-7.13(m, SH, 
H-4 -H-8), 5.23(s, 2H, CH2), 2.2l(s, 3H, CH3); 

13C-NMR(CDCl3, 6ppm): 
190.03(CO), 170.23(COOCH3), 155.84(C-4a), 150.63(C-5a), 130.56(C-2), 
127.94(C-l), 127.68(C-3), 126.62(C-9), 126.48(C-7), 125.l l(C-8), 
120.8 l(C-l Oa), l 18.32(C-9a), 117. 72(C-6), 117. 72(C-4), 65.58(CH2), 
20.43(CH3); 

Anal. calcd. for C16H120 4S; S,10.67; Found S, 10.45. 

4-(2-Phenoxathiinyl)-2-aminothiazole hydrobromide (7): 

To 0.5 g (0.0015 mole) of 2-co-bromoacetylphenoxathiin in 20 mL 
isopropanol, 0.25 g (0.0032 mole) ofthioyrea was added and was refluxed 
for one hour. The precipitate formed on cooling, was filtered off and washed 
with isopropanol to yield 0.5 g (84.7%) of compound 7. m.p.=273-275°. 
TLC: Rf=0.12 (petroleum ether : ethyl ether : dichloromethane : ethyl 
acetate -7.5 : 1 : 2: 1 -v/v/v/v; detection sulfuric acid spray- spot bleu). 

4-(2-Phenoxathiinyl)-2-aminothiazole (8): 

To 0.25 g (0.00065 mole) of 7 in 3 mL water, 1.2 mL of sodium 
hydroxide were added until pH=9-10. The obtained precipitate was filtered 
off and air-dried to give 0.18 g (91.8%) of compound 8 with m.p.=176-
1770. TLC: Rf=0.14 (petroleum ether : ethyl ether : methylene chloride ; 
ethyl acetate 7.5 : I: 2 : I v/v/v/v, detection : sulfuric acid spray- spot light 
violet); IR(cm-1):3425, 3365, 3275, 1620 (NH2), 1435,1465 (thiazole 
nucleus), 830(Y2cH), 745(Y4cH); 1H-NMR(DMSO-d6, 6ppm); 7.63(d,1H,H-1), 
7.60(dd, lH,H-3), 7.19-7.25(m,2H,H-7;H-9), 7.07-7.10(m,3H,H-4;H-6;H-
8), 7.05(s, lH,thiazoleH-5), 7.00(s,2H,NH2); 

13C-NMR (DMSO-d6, 

6ppm): 168.25( thiazole C-2), l 5 l .13(C-5a), 150.14(C-4a), 
148.17(thiazoleC-4), l 32.02(C-2), 128.29(C-9), 127.00(C- l ), 125.33(C-7), 
125.06(C-3), 123.69(C-8), 119.09(C-10a), 118.81(C-9a), 117.7l(C-6), 
l 17.7l(C-4), 1 Ol .55(thiazoleC-5); MS: 298(M+); 
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3-(2-Phenoxathiinylcarbonylmethyl)-5-(2-hydroxyethyl)-4-
methylthiazolium bromide (9): 

39 

To a solution of 0.5 g (0.0015 mole) of 2-ro-bromoacetylphenoxathiin 
in 10 mL anhydrous toluene, 0.2 mL (0.0017 mole) of 5-(2-hydroxyethyl)-
4-methylthiazole were added. The reaction mixture was refluxed 30 
minutes. The precipitate formed, on cooling, was filtered off to give the 
crude compound 9 (0.5g, 70.4%). After recrystallisation from ethanol and 
trituration with a mixture of dichloromethane - toluene (1:1-v/v), white 
crystals with m.p.=228-229° were obtained. TLC: Rf=0.33 (butanol : acetic 
acid: water -4: 1 :1 v/v/v); detection sulfuric acid spray - spot light violet. 
IR(cm"1

): 3465, 3310 (NH2), 1472, 1440(thiazole nucleus), 840(y2c8 ), 

760(Y4cH); 1H-NMR(DMSO-d6, oppm): 10.15(s, lH, thiazole H-2); 7.83(m, 
2H, H-l;H-3), 7.06(m, 5H, H4;H-6 - H-9), 6.33(s, 2H, COCH2), 3-3.6(m, 
4H, CH2CH2), 2.25(s, 3H, CH3); 

Anal. calcd. for C20H18BrN03S2: S, 13.8; Found S, 14.02. 

1-(2-Phenoxathiinylcarbonylmethyl)hexamethylentetraminiu bromide 

The quaternisation reaction was done by the method used for the 
synthesis of triethylammonium salt 24, but using anhydrous acetone as a 
solvent. Yellow crystals with m.p.=187-189° (96.7%) were obtained. TLC: 
Rf=0.67 (butanol : acetic acid : water; detection: sulfuric acid spray - spot 
light violet); IR(cm-1

): 1685(CO); 1400(CHrN<); 1235(C-O-C); 832(y2c8); 

765(Y4CH)· 
Anal. calcd. for C20H21BrN402S: S, 6.94; Found S, 7.25. 

1-(2-Phenoxathiinylcarbonylmethyl)amine hydrochloride (11): 

A mixture of 3 g (0.0065 mole) of 10, 5 mL cone. hydrochloric acid 
and 15 mL ethanol, was stirred at room temperature for 5 hours. After 48 
hours, the solvent was removed and the precipitate was filtered off and dried 
to afford 1.5 g (78.5%) of the compound 11. m.p.=275-278°(charing). TLC: 
Rf=0.56 (butanol : acetic acid : water 4: 1: 1 v/v/v; detection sulfuric acid 
spray-spot violet); IR( cm-1

): 1400(CHz-N<), 1250(C-O-C), 818(y201); 
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770(y4cH); 1H-NMR(DMSO-d6, oppm): 7.90(d, lH, H-1), 7.85(dd, lH, H-3), 
7.24-7.29(m, 3H, H-4;H-7;H-9), 7.12-7.17(m, 2H, H-6;H-8), 4.55(s, 2H, 
CH2), 4.0l(s, 3H, "'NH3); 

13C-NMR(DMSO-d6, o ppm): 182.73(CO), 
147.5(C-4a), 142.18(C-5a), 122.5l(C-2), 120.79(C-l), 120.58(C-3), 
119.32(C-9), 118.9(C-7), 117.7(C-8), 112.4(C-10a), 109.9(C-9a), 109.S(C-
6), 109.S(C-4), 38.86(CH2). 

Anal. calcd. for C14H12ClN02S: S, 10.91; Found: S, 11.17. 

1-(2-Phenoxathiinylcarbonylmethyl)triphenylphosphonium bromide 

To a solution of 0.25 g (0.0007 mole) of 2-ro­
bromoacetylphenoxathiin in IO mL anhydrous toluene, 0.2 g (0.00076 mole) 
of triphenylphosphine were added. The reaction mixture was refluxed for 30 
minutes and the precipitate formed was filtered off. After drying 0.35 g 
(79.5%) of the compound 13, were obtained. m.p.=279-281°-TLC: Rf=0.67 
(butanol-acetic acid: water 4: I: 1-v/v/v; detection sulfuric acid spray - spot 
violet intense); IR(cm-1): 3010-3050 (phenyl), 2853, 2910(CH2), 1660(CO), 
1240(C-0-C), 822(Y2cH), 750(y4cH); 1H-NMR(DMSO-d6, o ppm): 7.8-7.9 
(m,2H,H-l;H-3), 7.43-7.7(m, SH, H-4;H-7;H-9 and phenyl), 6.94-7.05(m, 
2H, H-6;H-8), 5. 73 and 6.1 I(s, 2H, CH2). 

Anal. calcd. for C32H24BrP02S: S, 5.49; Found: S, 5.82. 

RESULTS AND DISCUSSION 

Through bromination in acid medium, 2-acetylphenoxathiin forms the 
corresponding brominated derivative 110

-
12

. This compound, subject to the 
Kornblum oxidation reaction in the presence of dimethyl sulfoxide turns 
into a glyoxilic derivative 2 with a 99% yield. The Iiterature13 describes the 
synthesis of product 2 only through the oxidation of 2-acetylphenoxathiin 
with selenium dioxide, in the presence of dioxane. 

The phenoxathiinylglyoxal 2 was characterized through the 
monoxime 3 and the corresponding dioxime 4 (scheme I). 

By using the reaction with o-phenylendiamine, product 2 leads to the 
2-(2-quinoxalinyl)phenoxathiin 5 with 75.4% yield. The same product was 
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also obtained from 2-ro-bromoacetylphenoxathiin with o-phenylendiamine 
with 69.8% yield. These two methods lead to compounds 5 with the same 
m.p.=199-200°. 

The reaction between 2-ro-bromoacetylphenoxathiin with o­
phenylendiamine is also described in the literature 10

, but the melting points 
of the product is indicated at 174°. This temperature difference might be 
explained through the fact that the starting substance used by the authors of 
the paper10 

, contained traces of 3-acetylphenoxathiin. The presence of this 
isomer in the 2-acetylphenoxathiin synthesis was recently confirmed14

• 

In this synthesis a brominated derivative with m.p.=148-149° 
obtained from 2-acetylphenoxathiin, having a m.p.=118-119° was used. 

The article10 indicates a m.p.=113° of the brominated derivative (of 
course contaminated with the isomer from position 3) 

Considering the fact that the phenacyl esters are used in the organic 
synthesis as protective groups of carbonyl, hydroxyl and phenol functions 15

-

18, the obtaining of such a compound was followed also in the case of 2-ro­
bromoacetylphenoxathiin. 

Thus by treatment of the brominated derivative 1 with acetic acid in 
the presence oftriethylamine the compound 6 is obtained (scheme 1). 

The literature mentioned the antimicrobial activity of certain quaternary 
ammonium salts based on 2-methyl-3-chloromethylphenoxathiin, towards 
Gram-positive and Gram-negative germs19

• Taking into consideration all 
these factors, these researches was extensioned for the compounds obtained 
through the quaternisation reaction of2-ro-bromoacetylphenoxathiin. 

The products which were synthesized are indicated in scheme 2. The 
reaction between 2-ro-bromoacetylphenoxathiin and thiourea leads to 
compound 7. Treated with sodium hydroxide solution it turns into 4-(2-
phenoxathiinyl)-2-aminothiazole 8. 

A thiazolic derivative 9 is also obtained through the reaction between 
brominated derivative 1 with 5-(2-hydroxyethyl)-4-methylthiazole. 

A quaternary ammonium salt was also synthesized through the reaction 
between 2-ro-bromoacetylphenoxathiin and hexamethylenetetramine, 
compound 10 beeing thus synthesized. Reaction of triphenylphosphine with 
2-ro-bromoacetylphenoxathiin gives compund 12. 
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The synthesized products were characterized by spectral methods (IR, 
NMR, MS) and their purity was confirmed by thin layer chromatography 
(TLC). 

In the IR spectra of the compounds 1-12, a series of bands is remarked, 
characteristic for both the phenoxathiin nucleus and the substituent grafted 
on the aromatic ring. 

For the phenoxathiin nucleus the vibrations at 750-760 cm·1 (Y4cH), 
810-815 cm·1 (y2cH), 1070-1090 cm·1 (vc.s) and 1210-1240 cm·1 (vc.o-c) 
are characterized. All these values are according to the literature data 20

•
23 

• 

In the 1405-1580 cm·1 range five bands appear also characteristic for the 
phenoxathiinic nucleus. Absorption bands of the substituents grafted in the 
position 2 of the phenoxathiin nucleus were also identified. Thus 
characteristic for compound 2 is the absorption at 1690 cm·1

, assigned to the 
valence vibrations of the carbonyl group. The lack of this band in the 
structure of compounds 3 and 4 and the appearance of a band at 1610-1620 
cm·1, which characterized the vc=N vibration, confirms the oxime structure. 

For compound 6, the Yeo at 1740 cm·1 vibration, assigned to the acetoxy 
group is characteristic. 

For compounds 7-9 characteristic bands of the thiazole nucleus ( 1435-
1465 cm"1

) and VNH 3275, 3425 cm·1 appear; for the ammonium salts 10-11 
the absorption appear at 1400 cm·1

• 

The main absorption bands which are characteristic of the substances 1-
12, are presented in the experimental part of this paper. 

The 1H- and 13C-NMR spectra for the synthesized compounds were 
also recorded and interpreted, the respective chemical shifts being presented 
within the experimental part. 

The signal assignments were made by comparison to the literature data 
regarding derivatives series of the 2-substituted phenoxathiin 14. 

Analyzing the 1H-NMR spectra for the substances which were 
synthesized, we found out that the chemical shifts of H 1 and H3 protons are 
influenced by the electron-withdrawing effect of the substituents from 
position 2. In this way a deshielding takes place with the same signals to 
those for phenoxathiin. 

The influences of the substituent in position 2 are much less evident 
on the~ as well as for the protons from the unsubstituted benzene ring. For 
the methylene group in position 2 in compounds 1, 6, 9-12 the resonance 
signals appears as a singlet in the range 0=4.86-6.33 ppm. For compound 
12, because of the three big volumes of the phenyl groups the both 



SOUTH. BRAZ. J. CHEM., Vol. 6, N° 7, 1998 

43 
A. Nieolae, D. Gav:r>iliu, O. Maior & C. Draghiei 

methylenic protons are no longer equivalent giving signals as singlet at 
8=5. 73 and 6.11 ppm, while the molecule adopts a rigid conformation. 

In the 1H-NMR spectrum of the compound 8 the signal at 8=7.00 ppm 
is assigned to the two protons from the amino group. This signal disappears 
when the spectrum is recorded in the presence ofD20. 

For compound 3 the deshielding produced by the functional groups 
(CO or C=NOH) makes the protons H-1 to appear at lower field at 7.8-7.9 
ppm compared to the compound 4 were a normal shielding takes place at 
approximately ~8=0.5 ppm. 

The multiplicity of the signals shows a cis-coupling h 4=8.0-9. l Hz as 
well as a meta-coupling J13=2.0-2.2 Hz, which makes the proton to appear 
as doublet with the small coupling constant and the H3 as a doublet of 
doublets in which the couplings with H-4 and H-1 are found again. The H-4 
proton appears at 8=7.1-7.2 ppm as a doublet with J43=8.0-9.l Hz. When the 
ketone 3 turns into oxime 4, the value of this coupling decrease 
approximately !Hz. 

The protons H-6 - H-9 from the unsubstituted ring appear in the 8=7 .1-
7 .26 ppm range, the most shielding proton being H-6 and the most 
deshielding being H-9. To assign the proton resonances of these compounds 
two dimensional experiments (2D), COSY H-H; COSY H-C were made25l. 

The proton of the aldehyde group from the glyoxal hydrate 2 appears 
as a triplet at 8=5.61 ppm with a 7.0 Hz coupling with hydroxyl groups 
(evinced through the deuteration). 

The 1H- and 13C-NMR spectra for the dioxime 4 indicates the presence 
of the sin and anti isomers for the oxyminic groups. The following pairs of 
chemical shifts (8 ppm) appear: 11.87 , 11.56 (NOH); 7.85 (CH=N) and 
12.00, 11.99 (NOH); 8.44 (CH=N). 

The 13C-NMR spectra confirm the asymetric substitution of the 
phenoxathiin ring. Generally speaking, the assigments for the unsubstituted 
ring were revealed by spectra comparison with the derivatives of this class 
which were previously described14

' 
26, as well as through heteronuclear 

corelation experiments (COSY H-C). 
Regarding the antimicrobial activity of the synthesized derivatives, 

compound 9 is specially remarkable against Gram-positive bacteria. 
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CONCLUSIONS 

Eight new products based on 2-ro-bromoacetylphenoxathiin were · 
synthesised and characterised through mass, IR, NMR (1H- and 13C- at 300 
and 100 Mhz) spectra. The purity of the products was confirmed by means 
of TLC. 

Upon the antimicrobial screening an activity of compound 9 against 
various Gram-positive strains was observed. 
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ABSTRACT 

Starting with 2-acetylphenoxathiin , 2-ro-bromoacetylphenoxathiinyl-
10, 10-dioxide 2 was obtained. By means of the Kornblum reaction the 
corresponding glyoxal 4 was synthesized. From compound 2, the 
aminothiazole 3 and the 1,4-diketone 7 were also obtained. By the reaction 
of 2-ro-bromoacetylphenoxathiin 8 and sodium acetylacetonate "one pot" 
synthesis of 1,4-diketone 9 was performed. Compound 9 was converted to 
pyrrolophenoxathiin 11 and 1,4-diketone 7. Starting with the brominated 
derivative 8 the aminoketones 12 and 13 were obtained. The new 
compounds were caracterised by spectral methods CH- and 13C-NMR, IR, 
MS). 

RESUMO 

0 eomposto 2-w-bromoaeetiZfenoxatiiniZ-ZO,ZO-diooxido 2 
foi obtido a p~rtir de 2-aeetiZfenoxatiina. Usando a reaqao-de 
~ornbZum, o gZ~oxaZ eorrespondente £ foi sintetizado. A partir 
do eomposto 2 foram obtidos o aminotiazoZ 3 e a dieetona ? 
A s~~tese da-dieeto~a ~ foi obtida i:eaginil02"1-/]j~bromoaeetiifeno­
xat~~na ~ eom aeet~Zaeetonato de sodio. 0 eomposto 9 foi 
eonvertido para a piroZofenoxatiina ZZ e a Z 4-dieetona ?. As 
~mino~etonas Z2 e Z3 foram obtidas a-partir' do derivado-
bz:omado !!_. Os novo~ eompostos fo:r_am earaeteriz;_dos- usando . 
metodc:s espeetroseopieos (:r>essonaneia magn$tiea nueZear de Za, e 
Z3c, ~nf:r>ave:r>me Zho e espeet:r>ometria de massa). 

KEYWORD: Phenoxathiin, 1,4-Diketones, Oximes, a-Bromo­
ketones 
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INTRODUCTION 

Phenoxathiin and its derivatives have been the subject of continnous 
research because of their multiple uses and because of multiple theoretical 
problems related to the reactivity of this class of heterocyclic compounds 
[ 1-8]. 

This paper describes the synthesis of carbonyl derivatives based on 2-
acetylphenoxathiin as shown in Schemes 1 and 2. Through the action of 
oxidizing agents (hydrogen peroxide in acetic acid [9], chromic acid 
[10,11], potassium permanganate[12] or peracetic acid [12]) on the 
phenoxathiin nucleus the corresponding 10-oxide or 10, 10-dioxide are 
formed. 

EXPERIMENTAL PART 

Melting points were determined in an open capillary and are 
uncorrected . IR spectra were recorded in KBr pellet with an UV-20 
apparatus. 1H- and 13C-NMR spectra were recorded on a Varian Gemini 300 
spectrometer using CDCh, DMSO-d6 as solvent and TMS as internal 
standard. MS spectra were performed on JEOL GCmate spectrometer. 

Thin layer chromatography (TLC) was performed on plates of silica 
gel 60-254 (Merck), unidimenssional technique. Detection of compounds 
was done by UV light (A. 254 nm), iodine and sulfuric acid spray. 

2-Acetylphenoxathiin-10, 10-dioxide 1 and 2-co-bromoacetylphenoxa­
thiin 8 were obtained according to references [18] and [19] respectively. 

2-co-Bromoacetylphenoxathiinyl -10, 10-dioxide (2): 

To a heated solution ( 40-50°) of 10 g (0.036 mole) 2-acetyl­
phenoxathiin-10,10-dioxide in 160 mL glacial acetic acid, 1.9 mL(5.89g; 
0.037 mole) bromine in 50 mL glacial acetic acid was added. The solid was 
filtered after 24 hours, washed with water and dried to give the compound 2 
(10.3 g, 79.9%) with m.p. 198-199°. TLC: Rf0.72 (chloroform: methanol-
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4.5 : 0.5- v/v; Detection iodine vapors); IR(cm"1): l 700(vCO); 1285, 1140, 
560(S02); 1210(vC-O-C); 860(y2CH); 755(y4CH) (phenoxathiin nucleus). 
1H-NMR(DMSO-d6' oppm): 8.61(s, lH, H-1); 8.35(d, lH, H-3); 8.1 l(d,lH, 
H-9); 7.85(t, lH, H-7); 7.74(d, IH, H-4); 7.63(d, lH, H-6); 7.58(t, lH, H-8) 
5.05(s, 2H, CH2); 

13C-NMR(DMS0-6; oppm): 189.58(CO); 154.02(C-4a); 
l 50.50(C-5a); l 35.45(C-3); 134.80(C-7); 130.96(C-2); l 26.25(C-l ); 
124.72(C-8); 124.72(C-10a); 124.34(C-9a); 123.14(C-9); 120.16(C-4); 
l 19.35(C-6); 33.9(CH2). 

Anal. Calcd. for C14H9Br04S: S, 9.12; Found: S, 9.26. 

4-(2-Phenoxathiinyl- l 0, 10-dioxide )-2-aminothiazole (3): 

A mixture of 0.5 g (0.0014 mole) 2-c:o- bromoacetylphenoxathiin-
10,10-dioxide, 0.15 g ( 0.0019 mole) thiourea and 30 mL anhydrous 
isopropanol was refluxed on a water bath during an hour. The resulting 
precipitate was filtered and suspended in 8 mL of water. A solution of 8% 
sodium hydroxide was added up to pH 9-10. The solid was filtered off and 
dried giving 0.35 g (76%) of3 with m.p. 294-296°. TLC: Rf0.09 (petroleum 
ether: ethyl ether: dichloromethane : ethyl acetate - 7.5 : 1 : 2 : 1 - v/v/v/v. 
Detection: iodine vapors). IR (cm-1): 3425, 3375, 3280 (vNH2 ); 1623, 1470, 
1430 (thiazole nucleus); 1280, 1150, 560(S02); 1230(vC-O-C); 832(y2CH); 
748(y4CH) (phenoxathiin nucleus); 1H-NMR(DMSO-d6; oppm):8.41(d, lH, 
H-1); 8.20(dd, lH, H-3); 8.08(d, lH, H-9); 7.82(t, lH, H-7); 7.60(d, lH, H-
4); 7.59(d, lH, H-6); 7.54(t, lH, H-8); 7.28(s, lH, CH-thiazole); 7.20(s, 2H, 
NH2); 

13C-NMR(DMSO-d6; oppm): 168.61(thiazole C-2); 150.81(C-5a); 
149.57(C-4a); 147.00(thiazole C-4); 135.06(C-2); 132.18(C-7); 131.50(C-
3); 125.58(C-8); 124.43(C-1); 124.19(C-10a); 123.04(C-9a); l 19.47(C-9); 
1l9.13(C-6); 119.13(C-4); 103.28(thiazole C-5); MS: mlz 330 (M\ 100%). 

Anal. Calcd. forC 15H10N2S20 3 : S, 19.41; Found: S,19.75. 

2-(2-Phenoxathiinyl-l 0.10-dioxide)-glyoxal hydrate ( 4): 

A solution of5 g ( 0.014 mole) 2-c:o- bromoacetylphenoxathiin-10,10-
dioxide in 30 mL dimethyl sulfoxide was obtained by heating to 50°. The 
mixture was maintained for 48 hours at room temperature, then was poured 
in water. The resulting solid was filtered. The yield was 4.3 g (99.9%) of 
compound4. 
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Crystals with m.p. 128.5-129.5° were formed by recrystallization from 
an ethanol-water mixture (1 :3 -v/v). TLC: Rf 0.74 (chloroform : methanol-
4.5 : 0.5 - v/v; Detection: iodine vapors). IR(cm"1

): 3400(vOH); 1700(vCO); 
1300, 1160, 555(S02); 1275(vC-O-C); 815(y2CH); 755(y4CH) 
(phenoxathiin nucleus)). 1H-NMR(DMSO-d6, oppm): 8.72(s, lH, H-1); 
8.38(d, lH, H-3); 8.09(d, lH, H-9); 7.83(t, lH, H-7); 7.71(d, lH, H-4); 
7.63(d, lH, H-6); 7.57(t, lH, H-8); 7.40 (d, 2H, OH); 5.48 (t, lH, CH); 13C­
NMR (DMSO-d6, oppm): 192.15(CO); 154.00(C-4a); 150.76(C-5a); 
135.5l(C-7); 135.5l(C-3); 130.30(C-2); 126.30(C-8); 125.Sl(C-1); 
124.56(C-10a); 124.52(C-9a); 123.24(C-9); l 19.9l(C-4); 119.46(C-6); 
96.15 (CH(OH)2). 

Anal. Calcd. for C14HI006S: S, 10.46; Found: S, 10.58 

2-(2-Phenoxathiinyl- l 0, 10-dioxide )glyoxal monoxime (5): 

To 1.1 g (0.0036 mole) of 2-(2-phenoxathiinyl-l 0,10-dioxide)glyoxal 
hydrate, 0.25 g (0.0036 mole) hydroxylamine hydrochloride, 6 mL pyridine 
and 6 mL methanol were added. The mixture was maintained at room 
temperature for 24 hours and then was poured in ice-water. The precipitate 
was removed by filtration, washed by water and dried. The yield of product 
5 was 0.9 g (82.6 %) with m.p. 165-166°. After four recrystallization from 
ethanol m.p.186-187° (des.). TLC: Rf0.69 (chloroform: methanol - 4.5: 0.5 
- v/v; Detection: iodine vapors); IR(cm"1

): 1640(vCO); 1230(vC-O-C); 
1290, I 155, 515(S02); 860(y2CH); 755(y4CH) (phenoxathiin nucleus). 1H­
NMR(DMSO-d6; oppm): 8.70(d, IH, H-1); 8.32(dd, IH, H-3); 8.09(dd, lH, 
H-9); 8.00(s, lH, CH); 7.85(m, lH, H-7); 7.7l(d, lH, H-4); 7.62(dd, lH, H-
6); 7.60(m, lH, H-8); 13C-NMR(DMSO-d6 ; oppm): 186.lO(CO); 153.53(C-
4a); 150.45(C-5a); 148.19(CH=NOH); 135.50(C-3); 135.33(C-7); 
l 32.50(C-2); 126. l l(C-8); 125.6 l(C-l ); 124.20(C-l Oa); 124.06(C-9a); 
123.05(C-9); l 19.64(C-4); l 19.28(C-6). 

Anal. Calcd. for C1 4H90 5NS: S, 10.57; Found: S, 10.61 

2-(2-Phenoxathiinyl- l 0, 10-dioxide )glyoxal dioxime ( 6): 

To 1.1 g (0.0036 mole) of 2-(2-phenoxathiinyl-l 0,10-dioxide )glyoxal 
hydrate were added 0.7 g (0.01 mole) hydroxylamine hydrochloride, 14 mL 
pyridine and 14 mL methanol. The mixture was refluxed for 2 hours, then 
cooled off and poured in water. The resulting solid was filtered after 24 
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hours. After drying 0.91g (79.6%) of compound 5 was obtained, m.p. 204-
2050. 

Recrystallization from a mixture of ethanol and water (1 : 3 - v/v) 
gave the compound 6. m.p. 209-210°. TLC: Rf 0.54 (chloroform : methanol 
- 4.5 : 0.5 - v/v; Detection: iodine vapors); IR(cm-1

): 1590(vC=NOH); 
1225(vC-O-C); 1280,l 155,520(S02); 870(y2CH); 720(y4CH) (phenoxathiin 
nucleus); 1H-NMR(DMSO-d6; oppm): 11.99 and 11.98 (s, 2H, NOH); 
8.25(d, lH, H-1); 8.09(dd, lH, H-9); 8.04(dd, lH, H-3); 7.94(s, lH, CH); 
7.86(m, lH, H-7); 7.66(d, IH, H-4); 7.64 (dd, lH, H-6); 7.56(m, lH, H-8); 
13C-NMR (DMSO-d6; oppm): 150.77(C-4a); 150.65(C-5a); 148.60 
(C=NOH); 147.42 (CH=NOH); 135.2l(C-7); 136.00(C-3); 131. l O(C-2); 
125.79(C-8); 124.36(C-9a); 123.99(C-10a); 123.60(C-1); 123.04(C-9); 
119.20(C-6); 118.64(C-4). MS: mlz 318(M', 25o/o). 

Anal. Calcd. for C14H10N20 5S: S, 10.07; Found: S, 10.12. 

2-[2-(Phenoxathiinyl-l 0, I 0-dioxide )carbonyllethyl methyl ketone (7): 

A. A mixture of 0.97g (0.0027 mole) 2-ro-bromoacetylphenoxathiin-
10,10-dioxide, 0.86g (0.007 mole) sodium acetylacetonate and 10 mL 
anhydrous ethanol was lightly heated during 15 minutes, then poured in 
water(Note 1). The precipitate was filtered and 0.6 g (66.7%) of compound 
7 were obtained. m.p. 145-146°. 

Note 1: Any increased of reaction time and strong heating may result 
in a decrease of the reaction yield. 

B. To 0.6 g (0.002 mole) of compound 9 dissolved in 5 mL glacial 
acetic acid, 1 mL of 50% hydrogen peroxide were added, upon heating, then 
after 30 minutes another 1 mL 50% hydrogen peroxide was added. The 
mixture was refluxed for 90 minutes, then was cooled and the precipitate 
was filtered off. The yield of compound 7 was 0.45 g (68.2%) with m.p. 
144-146° (Note 1 ). 

Note 1: If water was added to the filtrate 0.1 g further product was 
obtained. 

2-[2 '-(Phenoxathiinyl-10, 10-dioxide )carbonyl]ethyl methyl ketone 
recrystallized from methanol lead to crystals with m.p. 146-147°.TLC: Rf 
0.17 (benzene : ethylacetate - 9 : I - v/v); IR(cm-1

): 1715(vCOCH3); 

1685(vCO); 1300, 1150, 565(802); 1275(vC-O-C); 840(y2CH); 765(y4CH) 
(phenoxathiin nucleus). 
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Anal. Calcd. for C 17H 140 5S: S, 9.70; Found: S, 9.48. 

2-(2-Phenoxathiinylcarbonyl)ethyl methyl ketone (9): 

A. A mixture of 3.49 g (0.011 mole) 2-co- bromoacetylphenoxathiin, 
3.46 g (0.028 mole) sodium acetylacetonate (Note 1) and 20 mL anhydrous 
ethanol were refluxed for 30 minutes, then cooled off. The solid was filtered 
and 3.18 g (98.15o/o) of product 9 with m.p. 121-122° were obtained. 

Note 1: Sodium acetylacetonate was obtained according to reference 
[16]. 

B. To 0.55 g (0.0015 mole) of product 10, 2.5 mL 4% sodium 
hydroxide was added. The mixture was boiled for 50 minutes. After cooling 
for 30 minutes at room temperature the solid was filtered and washed with 
0.5 mL 12N sulfuric acid. The yield of diketone 9 was 0.14 g (31.8%). 

2-(2-Phenoxathiinylcarbonyl)ethyl methyl ketone recrystallized from 
acetone had the m.p. 126-127°. TLC: Rf0.33 (Benzene: ethyl acetate - 9:1 -
v/v; Detection:sulfuric acid spray- red-violet spot); IR(cm"1):1701(vCOCH3 

); 1680(vCO); 1270(vC-O-C); 820(y2CH); 750(y4CH) (phenoxathiin 
nucleus); 1H-NMR(DMSO-d6; oppm): 7.81(d, lH, H-1); 7.78(dd, lH, H-3); 
7.20-7.26(m, 2H, H-7 and H-9); 7.15(d, lH, H-4); 7.08-7.13(m, 2H, H-6 and 
H-8); 3.14 and 2.76(-CHr); 2.13(CH3); 

13C-NMR(DMSO-d6' oppm): 
207.02(COCH3); 196.65(CO); 154.49(C-4a); 150.32(C-5a); 133.34(C-2); 
128.48(C-I); 128.4I(C-3); 127.0l(C-9); 126.90(C-7); 125.53(C-8); 
119.49(C-10a); 118.12(C-9a): 117.77(C-4); 117.70(C-6); 36.6 and 32.01(­
CHz-); 29.65(CH3); MS: m/z298 (M", 60%). 

Anal. Calcd. for C17H1403S: S, 10.74; Found: S,10.51. 

2-(2-Phenoxathiinylcarbonyl)-I-(ethoxycarbonyl)ethyl methyl ketone 

A mixture consisting of 1.16 g (0.0036 mole) 2-co- bromoacetyl­
phenoxathiin, 1.44 g sodium ethylacetoacetate (Note I) was lightly heated 
up to dissolving and further heated for another 5 minutes. A white 
precipitate was formed which was filtered and the solution was thoroughly 
cooled. The resulting precipitate was filtered and 0.87 g ( 65.1%) of 
compound 9 were obtained with m.p. 88-93° (Note I). 
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Note 1 : The sodium ethylacetoacetate was obtained according to 
reference (20]. 

Compound 10 recrystallized from anhydrous ethanol has the m.p. 93-
940. TLC: Rf0.15 (benzene: ethyl acetate - 9: 1 - v/v; Detection: sulfuric 
acid spray - blue spot); IR(cm-1

): 1735(vCOOC2Hs); 1710(vCOCH3); 
1670(vCO); 1275(vC-O-C); 815(y2CH); 752(y4CH) (phenoxathiin 
nucleus); 1H-NMR (DMSO-d6; oppm): 7.9(s, lH, H-1); 7.73(d, IH, H-3); 
7. l-6.96(m, 5H, H-4 - H-9); 4.23( q, 2H, CH2); 4.11 (t, lH, CH); 3.43( d, 2H, 
CH2); 2.36(s, 3H, CH3); l.3(t, 3H, CH3); 

Anal. Calcd. for C20H180 5S: S,8.65; Found: S, 8.82. 

l ,5-Dimethyl-2-(2-phenoxathiinyl)-pyrrole (11): 

A mixture consisting of 0.75 g ( 0.0025 mole) diketone 9 and 4 mL 
ethanol was lightly heated until clearing of the solution after which 4 mL of 
30% methylamine and 4 mL ethanol were added. The mixture was heated 
during 30 minutes at 75-80°, then kept at room temperature for 12 hours. 
The resulting solid was filtered and 0.72 g (97.3%) of compound 11 with 
m.p. 113-114° was obtained. The product recrystallized from ethanol has a 
m.p. 116-117°. TLC: Rf0.70 (benzene: ethylacetate -9: 1 -v/v); IR(cm-1

): 

3450 (vNH2); 1220(vC-O-C); 830(y2CH); 755(y4CH) (phenoxathiin 
nucleus); MS: mlz 293(M+, 100%). 

Anal. Calcd. for C18H15NOS: S, 10.92; Found: S, 10.76. 

2-ro- Anilinoacetylphenoxathiin (12): 

To 1.62 g (0.005 mole) of2-ro-bromoacetylphenoxathiin and 10 mL 
anhydrous ethanol, lmL (1.07 g; 0.01 mole) of aniline was added. The 
mixture was stirred at room temperature for 24 hours, then refluxed for 15 
minutes. After cooling the mixture was poured in water. The solid was 
filtered and 1.6 g (95.24%) of compound 12 with m.p. 165-170° was 
obtained. 

The product recrystallised from ethanol led to crystals with m.p. 174-
1750. TLC: Rf 0.60(benzene : ethyl acetate - 9 : 1 - v/v; Detection: sulfuric 
acid spray- violet spot); IR(cm-1

): 3380(vNH2); 1680(vCO); 1270(vC-O-C); 
820(y2CH); 749(y4CH) (phenoxathiin nucleus). 1H-NMR(DMSO-d6; 

oppm): 7.95(s, lH, H-1); 7.88(d, lH, H-3); 7.27-7.18(m, 3H, H-4, H-7 and 
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H-9); 7.13-7.06(m, 2H, H-6 and H-8); 7.04(t, 2H, Hmeth•-aniline); 6.66(d, 
2H, Horth0-aniline); 6.54(t, IH, Hpara_aniline); 4.60 (d, 2H, CH2); 4.35(s, IH, 
NH); 13C-NMR(DMSO-d6; 8ppm): 194.89(CO); 154.73(C-4a); 150.31(C-
5a); 148.01 (C1-aniline); 131.98(C-2); 128.77(Cmetha_aniline); 128.53(C-I); 
128.44(C-3); 127.05(C-9); 127.02(C-7); 125.59(C-8); I I 9.60(C-I Oa); 
118.08(C-9a); 117.81(C-6); 117.81(C-4); 116.16(Cpara_aniline); 
I 12.47(C0rtho_aniline); 49.76(CH2); MS: m/z 333(M+, 40%). 

Anal. Calcd. for C20H150 2SN: S, 9.61; Found: S, 9.40. 

2-(co-N-Acetylanilino )acetvlphenoxathiin (13): 

A mixture of 0.7 g (0.002 mole) of compound 12 and 10 mL acetic 
anhydride was heated for 4 hours, then maintained at room temperature for 
24 hours. The reaction mixture was poured in water and the solid was 
filtered off and washed with water. The yield was 0.65 g (82.5%) of 
compound 13. After recrystallization from acetic acid crystals with m.p. 
182-183° were obtained. TLC: Rf 0.15 (benzene : ethyl acetate - 9: I - v/v ; 
Detection: sulfuric acid spray - green spot) IR(cm"1): 1690(vCOCH3); 
1650(vCO); 1270(vC-O-C); 830(y2CH); 760(y4CH) (phenoxathiin 
nucleus). 1H-NMR(DMSO-d6; 8ppm): 7.9(s, IH, H-1); 7.76(d, IH, H-3); 
7.l-6.96(m, 5H, H-4 - H-9); 7.20-7.00(m, 5H, aniline); 5.08(s, 2H, CH2); 
2.00(s, IH, CH3). 

Anal. Calcd. for C22H11N02S: S, 8.91; Found: S, 8.72. 

RESULTS AND DISCUSSION 

By oxidizing reaction with hydrogen peroxide in acetic acid on 2-
acetylphenoxathiin, the corresponding 10,10-dioxide product 1 is obtained 
(see Scheme I). 

By bromination of compound 1 in acetic acid, 2-co­
bromoacetylphenoxathiin-10, IO-dioxide, 2, is formed. 

The brominated derivative is the starting material in the synthesis of 
compound 3 (through its reaction with thiourea) and upon the Kornblum 
oxidizing reaction with dimethyl sulfoxide to dicarbonylic compound 4 is 
obtained which has been characterized by oximes 5 and 6. 
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2-ro-Bromoacetylphenoxathiin-10, 10-dioxide has been used for the 
synthesis of a substituted 1,4-diketone 7 (Scheme 1). 

The same compound has been also obtained from 2-ro­
bromoacetylphenoxathiin 8 (Scheme 2). 

The reaction occurs in two steps. The diketone 9 is initially obtained 
which, oxidized with 50% hydrogen peroxide, turns into compound 7 . The 
literature described the use of acetylacetone in a two steps synthesis of the 
R-CH2CH2COCH3 type ketone through an alkylation - splitting method 
[14,15]. Product 9 has been directly synthesized with sodium 
acetylacetonate in ethanol medium according to reference [16] applied to 
phenetyl ketones. This derivative oxidized with hydrogen peroxide turns 
into compound 7. Another way for obtaining compound 9 is the reaction 
between 2-ro-bromoacetylphenoxathiin with sodium ethylacetoacetate when 
compound 10 is formed . The latter in an alkaline medium turns in 
substituted 1,4 diketone 9. The synthesis of derivative 9 has been performe 
because of the well-known importance of 1,4-diketones which are often 
used as intermediates for the preparation of heterocycles. Thus, the 
synthesis of a derivative with a pyrrolic nucleus was performed by the 
action of methylamine on 1,4-diketonic compound 9 according to the Paal­
Knorr reaction [17] resulting in substance 11. 

Substance 12 was obtained from 2-ro-bromoacetylphenoxathiin with 
aniline in alcohol medium. This compound by treating with acetic anhydride 
turns into the corresponding acetyl derivative 13. 

The synthesized products were characterized by mass spectrometry, 
IR and NMR spectra, while purity was confirmed by TLC. The main 
absorption bands and chemical shifts for the synthesized compounds, as 
well as the Rf values are presented in the experimental section of the paper. 

CONCLUSIONS 

Ten new compounds of the phenoxathiin class were synthesized and 
characterised by chemical and physico-chemical methods. 

The "one pot" synthesis of the 1,4-diketones 7 and 9 from the 
corresponding ro-bromoketones and sodium acetoacetonate was described. 

By the Kornblum reaction the glyoxal 4 was synthesized and from 
this compound the mono- and dioximes 5 and 6 were obtained. 
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Using methylamine, compound 9 and the Paal-Knorr reaction, the 
pyrrolophenoxathiin 11 was synthesized. 
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ABSTRACT 
The new persistent 2,2-diphenyl-1-(3,6-dinitro-4-coumarinyl)hydrazyl free 

radical 4 was obtained by potassium permanganate or lead dioxide oxidation of the 
corresponding 2,2-diphenyl-1-(3,6-dinitro-4-coumarinyl)hydrazine 3; hydrazine 3 
reacts with nitrous acid to give successively the 2-(p-nitrophenyl)-2-phenyl-1-(3,6-
dinitro-4-coumarinyl) hydrazine 6 and 2,2-(p-nitrophenyl)-1-(3,6-dinitro-4-coumarinyl) 
hydrazine 7. Compound 6 rezults also from free radical 4 and sodium nitrite in the 
presence of 15-C-5 crown ether. The structure of new compounds was confirmed by 
means ofTLC,UV-Vis,1H-NMR, IR and for the free radicals by the EPR spectra. 

RESUMO 
O novo radioaZ Zivre estaveZ 2,2-difeniZ-Z-(3,6-dinitro-

4-oumariniZJhidraziZa 4 foi obtido peZa oxida.,ao da 2,.2-difeniZ­
Z-(3, 6-dinitro-4-oumariniZJ hidrazina oorrespondente 3 oom 
permanganato de potassio ou dioxido de ohumbo. A hidrazina 3 
reage suoessivamente oom aoido nitroso para formar a 2-(p-nitro­
feniZJ-2-feniZ-Z-( 3, 6-dinitro-4-oumariniZJ hidrazina 6 e a 
2,2-{p-nitrofeniZJ-Z-{3,6-dinitro-4-oumariniZ) hidrazina 7. 
0 oomposto 6 tambem e formado peZo radioaZ Zivre 4 e nitrito de 
sodio na presen(Ja do eter de ooroa Z5-C-5. A estrutura dos 
novos oompostos foi oonfirmada por meio de oromatografia em 
oamada deZgada, uZtravioZeta, infravermeZho, RMN de Zn e de 
espeotra de ressonanoia paramagnetioa de eZetrons. 

KEYWORDS : Free Radicals, Nitro-Coumarins, Diphenylhydrazines, 
Crown ethers. 
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INTRODUCTION 

The first persistent free radical of hydrazyl type 2,2-diphenyl-l-picrylhydrazyl 
(DPPH") was synthesized by Goldschmidt and Renn 1 in 1922. 

The interest of scientists for this substance and its analogues continues to recive 
attention due to their implications in diverse acid-base or redox proceses (the generation 
or scavenger the short life radical species), aplications in analytical chemistry,etc.2·8 

In this paper we report the synthesis of an new hydrazyl-type free radical where 
the picryl moiety from DPPH" was substituted with a heterocyclic ring, the 3,6-
dinitrocoumarinyl respectively in order to investigate its chemical reactivity. It involves 
the reaction of 3,6-dinitro-4-chloro-2H-1-benzopyran-2-one9 1 with 1,1-diphenyl­
hydrazin hydrochloride10 2 in the presence of an excess of NaHC03, in DMF or 
ethanol,, to give 2,2-diphenyl-1-(3,6-dinitro-4-coumarinyl)hydrazin 3 (DPCH). This 
compound in the presence of Pb02 or KMn04 suspended in dichloromethane or 
anhydrous acetone respectively, is transformed in 2,2-diphenyl-1-(3,6-dinitro-4-
coumarinyl)hydrazyl 4 free radical (DPCH"). 

a a~y SQ Ef 9 O,Nro~ NaH003 PbO, 
J~N6 DMF 0!20, "- o'oo 

0 NHO 0 N-6 Co~:, i:o r-.U: : I 

2 3 4 

EXPERIMENTAL 

Melting points (uncorrected) were determined in open capillary. IR spectra were 
recorded in KBr pellet with an UR-20 apparatus. Thin-layer chromatography (TLC) was 
realized on silica gel Merck plates. Unidimensional technique and visualisation was 
done with iodine.The EPR spectra were recorded at room temperature on a JES-
3B(JEOL) spectrometer with 100 kHz field modulation using the X-band frequency.The 
parameter of the EPR spectra were measured and compared with those of Fremy's salt 
(aN= 13.0 G).UV-Vis spectral determination were performed with a Specord UV-Vis 
spectrophotometer. 1H-NMR spectra were recorded on a Varian Gemini-300 MHz 
instrument in DMSO-d6 
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2, 2-Diphenyl-1-(3, 6-dinitro-4-coumarinyl) hidrazine 3 

To 0.81 g (3 mmol) 3,6-dinitro-4-chloro-2H-l-benzopyran-2-one I in 8 mL DMF, 0.78 
g (3.5 mmol) 1,1-diphenylhydrazine hydrochloride 2 and 0.63 g (7 mmol) NaHC03 
were added and the reaction mixture was stirred at room temperature for two hours.The 
mixture was poured into 150 mL water.The precipitate was filtered off, washed with 
water and dried.The crude product (l.03 g 82.4 %) was recrystallized from ethanol or 
methanol to give yellow crystals with m.p. 170-171°. TLC Rr 0.63 (toluene-ethyl acetate 
7:3 v/v). The substitution in this reaction, the DMF with ethanol or isopropanol, lowered 
yield and a more impure product was obtained. UV-Vis.(CH2Cb) Amax 344 nm (log e = 
3.94); in basic medium (treatment ofCH2Cb solution with 0.01 M NaOH in methanol) 
the corresponding salt 5 has Amax 444 nm (log e = 4.00) . IR (KBr cm-1) 3255 (NH) 
1730,1690 (CO) 1610 (C=C) 1545,1350 (N02); 1H-NMR (o ppm): l l.56(s,1H,N-H); 
9 .48( d, 1 H;5 ;J 51=2.3 9)8.56( dd, I H;H-7;1?5=2.33);7. 71 ( d, I H;H-8;J s1=9 .21 );7 .38(t,4H;H­
l l ,H-13,H-17,H-19);7.17(m,6H;H-l O,H-12,H-14,H-16,H-18,H-20). 13C-NMR(DMSO, 
o ppm): 155.27(C=O); 112.86(C-3); 143.92(C-4); 116.60(C-4a); !21.04(C-5); 144.04 
(C-6); !28.33(C-7); 119.lO(C-8); 154.85(C-8a); 145.52(2C,C-9,C-15); l !9.99(4C, 
C-!O,C-! 4,C-16,C-20); 129.01(4C,C-l l ,C-13,C-17,C-l 9); 124.5 !(2C,C-12,C-8). 
Anal.Calcd.for C21H1406N4( 4l8.37)found:N,13.2( calcd.N,13.38) 

2, 2-Diphenyl-1-(3, 6-dinitro-4-coumarinyl)hydrazyl free radical 4 

Ten milligrams (0.024 mmol) of compound 3 were oxidized by stirring in 20 
mL anhydrous dichloromethane or anhydrous acetone solution with an excess of 
KMn04 (0.1 g 0.63 mmol) or Pb02. The color of the reaction mixture changed from 
yellow to violet. Inorganic compounds were then filtered off.The filtrate is adequately 
stable for physical measurements or some chemical reactions. EPR spectra (Fig. I) UV­
Vis (CH2Ch) Amax 515 nm.The violet solution of free radical 4 passes easily to 
hydrazine 3 (evinced by TLC) by stirring it for five minutes with 5 % aqueous ascorbic 
acid. 

2-(p-Nitrophenyl)-2-phenyl -1-(3,6-dinitro-4-coumarinyl) hydrazyne 6 

Method A. To 0.2 g (0.48 mmol) 3 in 75 mL dichloromethane were added I g 
(14.5 mmol) of sodium nitrite.Then were added with stirring durring five minutes at 
room temperature 75 mL HCI I M . The organic layer was washed with water and dried 
over anhydrous sodium sulphate.The solvent was removed and 0.16 g (72.7 %) 6 crude 
product results. After preparative TLC or recrystallization from 7:3 toluene I ethyl 
acetate the yelow-brown product has m.p. 165-166°. TLC Rr 0.18 (CH2Cb - ethanol 9.5 
: 0.5). UV-Vis (CH2Ch) Amax 308 nm (loge = 4.03 ). In basic medium the corresponding 
salt, Amax 435 nm (loge= 4.20). IR (KBr cm"1) : 3240 (NH) 1710 (CO) 1615 (C=C) 
1540, 1350 (N02). 1H-NMR (o ppm) l 1.42(s,IH,N-H);7.75-9.52(m,3H,H-5,H-7,H-8); 
7.2-7.56(m,9H,H-l O,H-l l,H-13,H-14,H-!6,H-17,H-18,H-l 9,H-20). 
Anal.Calcd.for C21H130sNs( 463.37) found:N, 14.9( calcd.N, 15.10) 
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Method B. To a solution of 4 free radical in dichloromethane, obtained from 20 
mg (0.048 mmol) compound 3, 100 mg (0.45 mmol) l S·C-5 crown ether and 80 mg 
(1.16 mmol) sodium nitrite were added. After two hours of stirring at room temperature 
(the colour changed to redish-brown) the reaction mixture was filtered. The filtrate was 
washed with water and with HCI 1 M and then dried over anhydrous sodium sulphate. 
The TLC and UV-Vis analysis proved the presence of compound 6. 

2,2- (p-Nitrophenyl)- 1 - (3, 6-dinitro-4-coumarinyl) hydrazine 7 

To 0.2 g (0.48 mmol) compound 3 in 75 mL dichloromethane were added 75 mL 
HCI 1 M. Then were added in portions, with stirring, during a period of two hours 1.5 g 
(21.74 mmol) of sodium nitrite. The stirring was continued at room temperature for 24 
hours.The dichloromethane layer was separated, washed with water and dried over 
anhydrous sodium sulphate. The solvent was removed and 0.2 g (83.3 %) 7 were 
obtained. After crystallization from ethanol, the yellow product had m.p. 204-205°. TLC 
Rr0.09 (CH2Ch - ethanol 9.5: 0.5). 
UV-Vis (CH2Ch) Amax356 nm (loge= 3.57). In basic medium the corresponding salt, 
Amax 459 nm (log e = 3.70). IR (KBr cm"1) : 3260 (NH) 1695 (CO) 1620 (C=C) 1530, 
1345 (N02)· 1H-NMR(o ppm):l l.39(s,1H;N-H);9.29(d,IH;H-5;J51=1.8);8.54(dd,1H;H-
7;hs=9;hs= I .9);7.84( d,lH;H-8;Js1=8.90);7. l 8( d,4H,H-1 O,H-14,H-16,H-20;J=7 .92); 
8.5(d,4H,H-l l,H-13,H-17,H-19;J=7.92). 
Anal.Calcd.for C21H12010N6(508.37) found:N, 16.21 ( calcd.N, 16.52). 

Oxidation of compounds 6 and 7 to the corresponding free radicals 8 and 9. 

The 2- (p-nitrophenyl) - 2 - phenyl -1 - (3,6 -dinitro -4 -coumarinyl) hydrazyl 
free radical 8 and 2,2 - (p - nitrophenyl) - I - (3,6 - dinitrocoumarinyl) hydrazyl free 
radical 9, was synthesised from corresponding hydrazines 6 and 7 with KMn04 or Pb02 
as described for the preparation of free radical 4. EPR spectra (Fig.I) UV-Vis (CH2Ch) 
Amax 507 nm for 8 and Amax 502 for the free radical 9 . 

4. 8. 9. 

Fig.! The EPR spectra of the 4,8 and 9 free radicals 
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RESULTS AND DISCUSSION 

2,2-Diphenyl-1-(3,6-dinitro-4-coumarinyl)hydrazyl free radical is stable in 
solution for 24 hours ; it was not obtained in solid state and the characteristic violet 
colour for the radical solution in dichloromethane (Amax 515 nm) slowly became yelow­
brown, losing its EPR signal. The EPR spectrum is similar with DPPH" (5 lines aN(2) = 

9.0 G). DPCH passes easily to hydrazine 3 (Amax· 344 nm) by stirring it with an aqueous 
ascorbic acid solution. The hydrazinic hydrogen in 3 shows an acid character ( especialy 
influenced by -N02 group from position 3 in the coumarinic ring) confirmed by reaction 
with alkaline hydroxide in ethanol (the same behaviour like DPPH)11·12 

y 
0-r NaOH 

NH 

°'NWNo, 
"' I co o' 

3 5 

The reaction is accompanied by the colour change of the reaction mixture from 
yellow (Amax.in dichloromethane, 344 nm) to red (Amax 444 nm), corresponding to salt 5. 
Similarly to DPPH 8

•
13

, the ·N02 radical reacts with 3 or 4 to give a tri and tetranitro 
hydrazines mixture 6 and 7, which were separated by TLC and identified : 

¢
No, 

1 19 

13 141 20 
_F\ l' 

0,Nl2~r 
11 IO NH 

0,N~S 4 No, 
r I a 

7 "'-
0

.co 
8 l 2 

7 

Their oxidation with Pb02 or KMn04 leads to the corresponding free radicals 
confirmed "in situ" by EPR.(Fig. l) 

The substances 6 and 7 were also obtained from dichloromethane solution of salt 
5, by N02 bubbling that leads first to compound 4, which traps N02 in excess giving the 
corresponding substituted nitrohydrazines : 
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5 4 "NO, 6 
• N02 

9 Q Q 0-r ·O=r+ 0,N-0-r N• c .. N- "NO, O,NmNO, O,Nm1'X>, NH O,N@X>, 
"' o·c:o "' o'c:o "' I o·c:o 

DPCH' is a good radical scavenger.The reaction of DPCH' or the corresponding 
hydrazine DPCH with sodium nitrite in the presence of 15-C-5 crown ether affords 
the selective formation of 2-phenyl-2-(p-nitrophenyl)-1-(3,6-dinitro-4-coumarinyl) 
hydrazine 6.The mecanism may by represented as follows : 

i) The electron transfer reaction : 

DPCH' + NOi -+ DPCff + ·N02 

Due to DPCH' 4 high hydrophobicity, it is necessary to transport the nitrite anion 
from the solid phase to organic phase (CH2Cli) as a supramolecular complex 
(15-C-5 ... Na)"'N02· consequently: 

NaN02 + 15-C-5 -+ (15-C-5 ... Na/ No2• 

ii) The persistent free radical 4 reacts with the supramolecular complex yielding 
the nitro free radical ·N02 : 

4 + (15-C-5 ... Nat NOi -+ (15-C-5 ... Na/DPCff + "N02 

iii) The nitro free radical generated in this way, is trapped by the excess of 
radical 4 forming compound 6 : 

4 + ·N02 6 

2-(p-Nitrophenyl)-2-phenyl-1-(3,6-dinitrocoumarinyl)hydrazine 6 was confirmed 
by TLC, and after the separation and oxidation,the presence of the corresponding free 
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radical 8 was proved by EPR " in situ". A similar behaviour was also observed for 
DPPH 14

. 

The compounds 6 and 7 can be prepared also from 3 with nitrous acid at the 
room temperature. The reaction proceeds if sodium nitrite is added to the biphasic 
system containing 3 dissolved in dichloromethane and dilute hydrochloric acid (aqueous 
phase). After shaking well for 5 min. compound 6 is formed (yield 70 %).A larger 
contact time (24 h stirring) yields substance 7 (yield about 70 %). This method is 
simple and efficient for the selective synthesis of the compounds 6 and 7 respectively. 
Nitrous acid generated in this reaction probably cames form nitrogen oxides. Nitrogen 
dioxide will be generated via oxidation the hydrazyl radicals which finally will go to 
compounds 6 and 7 respectively. In conclusion, DPCH can participate both in proton 
and electron transfer reactions depending of the reaction partners. Compounds 3, 6 and 
7 have acid character and show different distributions in the biphasic system water -
organic solvent, depending on aqueous state pH. The extraction yields of compounds 3, 
6 and 7 in buffered aqueous solution I dichloromethane I: I (v/v)- obtained in the 
dichloromethane phase are given as massic percent : 

Compounds pH 7 pH 9 pH 11 (Titrisol Merck) 

3 0 8 44 

6 0 53 81 

7 63 87 95 

It can be observed that the extractions are more efficient at high pH and the yields 
increase with increasing acidity of the hydrazine derivative, (due to additional nitro 
groups) the order being 3 < 6 < 7 

CONCLUSIONS 

The hydrazines 3, 6 and 7 were synthesised and characterised by TLC, UV-Vis, IR, 
1H-NMR and EPR (after oxidation to the corresponding hydrazyl-free radicals). 

The substitution of the picryl-moiety by 3,6-dinitrocoumarinyl one affords hydrazines 
with same chemical behaviour but the corresponding free radicals are less stable, having 
shorter life-times comparing to DPPH' 

Of the set of hydrazyl free radicals described here, the unsubstituted one DPCH', 
appears to be the most stable. 

The syntheses of mono and dinitro derivatives of DPCH involved interphase processes 
with N02 as homolytical reagent. 



SOUTH. BRAZ. J. CHEM., Vol. 6, N°7,1998 

Some Reaotions of Ni troaownarins 
66 

REFERENCES 

I. S.Goldschmidt and K.Ren, Ber., SS, 628 (1922) 
2. A.R. Forrester, S.M. Hay and R.H. Thomsar "Organic Chemistry of Stable Free 

Radical", Academic Press, New York, N.Y., USA, 1968 
3. M.M.Chen, A.F.D'adamo and R.I.Walter, J.Org.Chem.,26,2721 (1961) 
4. W.W.Parish, P.Statt and M.Mc.Constand, J.Org.Chem.,43,4577 (1978) 
5. P.F.Currie, J.W.Quail, A.C.Rusk and I.A.Weil, Can.J.Chem.,61,1760 (1983) 
6. K.C.Brown and J.A.Weil, Can.J.Chem.,64, 1836 (1986) 
7. P.Ionita, T.Constantinescu, N.Caldararu, C.Luca,M.T.Caproiu and AT.Balaban 

New.J.Chem., 21,511 (1977) 
8. L.Gille, U.Prosch and R.Stroesser, Radiat.Phys.Chem.,40, 461 (1992) 
9. M.Kules, M.Trkovnik and A.Juric, Acta Pharm.Jugosl.,34, 81 (1984) 
10. R.H.Poirier, E.J.Kahler and F.Benington, J.Org.Chem.,17, 1437 (1952) 
1 I. C.Luca, P .Ionita and T. Constantinescu, Rev. Roum. Chim.,39, 1141 (1994) 
12. J.A.Weil and G.A.Jansonis,J.Org.Chem . .,27, 1248 (1962) 
13. J.A.Weil, KV.Sane and J.M.Kinkadl, J.Phys.Chem.,65, 710 (1961) 
14. C.Luca, P.Ionita, T.Constantinescu and M.T.Caproiu.,Rev.Roum.Chim.-in press. 



SOUTHERN BRAZILIAN JOURNAL OF CHEMISTRY 
SOUTH. BRAZ. J. CHEM., Vol. 6, N° 7, 1998 

67 

FORMATION OF MICELLES OF CETYL TRIMETHYLAMMONIUM 
BROMIDE IN WATER-GLYCEROL SOLUTIONS 

Lavine! G. Ionescu"'b Sonia M. Hickel Probst• and Elizabeth F. de Souzad 

• Tnstituto de Quimica, Pontificia Universidade Cat61ica do Rio Grande do Sul - PUCRS, Porto 
Alegre, RS - Brazil 

b Departamento de Quimica, Centro de Ciencias Naturais e Exatas, Universidade Luterana do 
Brazil - ULBRA, Canoas, RS - Brazil 

c Departamento de Quimica, Universidade Federal de Santa Catarina - UFSC, Florian6polis, SC, 
Brazil 

d Instituto de Ciencias Biol6gicas e Quimica, Pontificia Universidade Cat6lica de Campinas -
PUC-CAMPINAS, Campinas, SP - Brazil 

ABSTRACT 
The micellization of cetyltrimethylammonium bromide (CTAB), in glycerol and aqueous 

solutions of glycerol was studied by means of surface tensiometry. The critical micellar 
concentration (CMC) was determined at 25 °C and 40 °C and thermodynamic parameters such 
as the free energy of micellization {LJG0m1c}, enthalpy {L1H"m1J and entropy {L1S"m1c} of 
mice/lization were also measured At 40 °C, CTAB forms micelles in pure glycerol and in the 
entire range of water-glycerol solutions. For 25 °C, the CMC ranged from 9.2 x 10·4 Min pure 
water to 8.5 x 10·3M for solutions containing 90% glycerol by volume. The corresponding values 
obtained/or LJG0m1c were -4.14 and -2.82 kcal/mole; for LJH° mtc were -1.03 kcal/mole and -3.73 
kcal/mole and for L1S°m1c were + 10.43 and -3.10 e. u. Addition of glycerol decreases the 
spontaneity of micelles formation of CTAB in water. 

RESUMO: 
0 processo de micelizayao do brometo de cetiltrimetilam6nio (CTAB) em glicerol e 

soluc,:5es aquosas de glicerol foi estudado por metodos de tensiometria superficial. A 
concentrac,:iio micelar critica (CMC) foi determinada a 25 °C e 40 °C e pariimetros 
termodinamicos tais como a energia livre (L\G0 

mic) de micelizac,:ao, entalpia (AH" mic) e entropia 
(L\S0

mic) de micelizac,:ao tambem foram medidos. A uma temperatura de 40 °C, CTAB forma 
micelas em glicerol puro e na faixa inteira de soluc,:oes aquosas de glicerol. Para 25 °C, a CMC 
variou de 9,2 x 104 M em itgua pura ate 8,50 x 10·3 M para soluc,:5es aquosas contendo 90% 
de glicerol por volume. Os valores correspondentes obtidos para L\G0

mic foram -4, 14 kcal/mole 
e -2,82 kcal/mole; com AH" mic = -1,03 kcal/mole e -3,73 kcal/mole e com L\S0

mic = +10,43 e -
3,10 e.u., respectivamente. A adic,:ao de glicerol diminuiu a espontaneidade do processo de 
micelizac,:ao de CT AB em itgua. 

KEYWORDS: Micellization, Cetyltrimethylammonium Bromide (CTAB), Critical Micellar 
Concentration, Glycerol, Water-Glycerol Solutions. 
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INTRODUCTION 
As a part of our systematic study of the process of micellization in non-aqueous solvents 

and water solutions containing various cosolvent or additives1-16, we have also investigated the 
formation of micelles of the surfactant cetyltrimethylammonium bromide (CT AB) in pure 
glycerol and water solutions containing glycerol. 

The subject of the effect of cosolvents on micelle formation has been originally treated by 
Ray and Nemethy11·19 and has been reviewed in the literature11·20; 

Glycerol and ethylene glycol form intra- and intermolecular hydrogen bonds. 
Experimental studies involving various techniques, including NMR, for aqueous solutions of 
glycerol and ethylene glycol have shown the existence of intra- and intermolecular hydrogen 
bonding and have indicated that the hydrogen bonds between either one of the two and water are 
stronger than those among themselves21-23. 

Both have been employed in protein conformation studies and as simple membrane 
simulators. Being dense liquids, they approximate portion of membranes in terms of their 
anhydrous environment. Glycerol has been used as a viscous agent in the construction of media 
close to the intracellular environment during the investigation of the allosteric enzyme glycogen 
phospharylase b24. Reactivation effects by glycerol and ethylene glycol of inactivated S­
aminolevulinic acid synthetase were reported. It was indicated that the protein conformation 
around the pyridoxal 5'-phosphate binding site of synthetase was stabilized by the two polyprotic 
alcohols25. 

EXPERIMENTAL PROCEDURE 
The glycerol used was analytical reagent grade supplied by Merck do Brasil S.A., 

Rio de Janeiro. It was employed without any additional treatment or purification. 
Cetyltrimethylammonium bromide, CH3(CH2)1s~(CH3)3 Br" (CTAB), was purchased from 
Aldrich Chemical Company, Milwaukee, Wisconsin, USA. It was recrystallized twice from ethyl 
alcohol and dried under vacuum for two days. Deionized distilled water was used for the 
preparation of all the solutions. 

All solutions were prepared volumetrically at the following percentages by volume of 
glycerol: 0.00; 10.0; 20.0; 30.0; 40.0; 50.0; 60.0; 70.0; 80.0; 90.0 and 100%. All of them 
containing at least fifteen different concentrations of CT AB. The surface tension of the water­
CT AB-glycerol solutions was measured at 25 °c, 40 °C and sometimes 32 °C by means of a 
Fisher Model 21, Semi-Automatic Tensiometer. Ten milliliters aliquots of the solutions were 
placed in a Petri dish with a diameter of 6 cm. The temperature of the solutions was brought to 
the chosen temperature using a water bath and the Petri dish was kept at the desired temperature 
by placing it in a container through which water was circulated from the constant temperature 
bath. The tensiometer was set a constant height. The final surface tension of any solution was the 
average of at least three independent measurements. 

The critical micellar concentrations (CMC's) were determined from plots of the 
concentration of the surface tension of the solutions versus the concentration or the logarithm of 
the concentration of CT AB. The marked change in the plots was taken as an indication of micelle 
formation and the inflection point was considered to correspond to the CMC. 

The thermodynamic parameters Ll.G0 
mic, Ll.H0 

mic and Ll.S0 
mic were determined using standard 

equations26'27 derived on the basis of the assumption that the process of micellization involves the 



SOUTH. BRAZ. J. CHEM., Vol. 6, N° 7, 1998 

L.G. Ionesau, S.M.H. Probst & E.F. De Souza 69 

fonnation of a distinct micellar phase at the CMC and that the concentration of monomers in 
solution is constant, once micelles are formed. The experimental accuracy in the values 
determined for ~G0 

mic is about ± 100 cal/mole. On the other hand, ~H0 
mic and ~S0 

mic are more 
approximate since they were calculated on the basis of measurements at two or three 
temperatures only. 

RESULTS AND DISCUSSION 
Some typical experimental results obtained for the surface tension of CT AB in water­

glycerol solutions at 25 °C are illustrated in Figure 1. 
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Figure 1. Plot of Surface Tension versus Concentration of Cetyltrymethylammonium Bromide 
(CT AB) for the Water-CT AB-Glycerol System at 25 °C. 
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All plots of surface tension versus the concentration of CT AB exhibited initial marked 
drops and subsequent leveled off. The inflection point in the given curve was taken as the CMC. 
At times, plots of surface tension versus the logarithm of the concentration of surfactant gave a 
better determination for the CMC. Results similar to those of Figure 1 were obtained for the 
entire range of water-glycerol solutions at 25 °C, 32 °C and 40 °C. A summary of the CMC's 
determined is given in Table I. 

Table I. Critical Micellar Concentration (CMC) of Cetyltrimethylammonium Bromide (CTAB) 
in Aqueous Solutions of Glycerol 

Percent of Glycerol Mole Fraction of CMCat25°C CMCat40°C 
by Volume(% vol.) Glycerol (xG) (Mx 103

) (M x 103
) 

0.00 0.000 0,92 1.00 

10.0 0.027 0,98 1.15 

20.0 0.057 1.10 1.25 

30.0 0.095 1.23 1.45 

40.0 0.142 1.50 1.90 

50.0 0.197 1.90 2.50 

60.0 0.270 2.50 3.70 

70.0 0.366 3.50 5.20 

80.0 0.498 6.00 8.50 

90.0 0.687 8.50 11.50 

100.0 1.000 * 18.00 

* Surfactant precipitates. 

The dependence of the critical mi cellar concentration of CT AB on the percent by volume 
and the mole fraction of glycerol at two temperatures is given in Figures 2 and 3, respectively. 

The experimental values obtained for the thermodynamic functions, i.e., the standard 
free energy of micellization, AG0

mic, the enthalpy, AH0
mic and the standard entropy of 

micellization, AS0 
mic, at 25 °C and 40 °C are given in Tables II and III. The results obtained at 25 

°C are also illustrated in Figure 4. 

The experimental results shown in Table I and Figure 2 indicate that the critical micellar 
concentration (CMC) increases with the rise in temperature. However, a strict thermodynamic 
analysis (Tables II and III) shows that the free energy of micellization is more negative at 40 °C, 
indicating that micelle formation is somewhat more favored by the slight increase in 
temperature. The critical micellar concentration is known to frequently depend on temperature, 
but in many cases the dependence is highly irregular. The nature of this effect is hard to predict 
because it depends on a series of factors related to the restructuring of water and the interactions 
between water and the surfactant. For example, in the case ofN-alkylbetaines in water (C10 and 
Cu) the CMC decreases, reaches a minimum and then increases as a function of temperatures 
and for N-alkylbetaines (C12) the CMC increases as a function of temperature28

•
29

· For the case . 
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Water-CTAB-Glycerol system interactions between water and glycerol and the surfactant must 
also be taken in consideration. 
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Figure 2. Dependence of the Critical Micellar Concentration of Cetyltrymethylammonium 
Bromide (CTAB) on the Percent by Volume of Glycerol for the Water-CTAB­
Glycerol System. 

The thermodynamic parameters shown in Tables II and III do not sort out the different types of 
interactions (water-surfactant, water-glycerol and glycerol-surfactant) as they were determined 
using equations derived for the micellization process in water' 1• In a wider sense, without starting 



SOUTH. BRAZ. J. CHEM., Vol. 6, N° 7, 1998 

72 MiceZZization of CTAB in Water-GZyceroZ Solutions 

out water-cosolvent and surfactant-cosolvent interactions, the micellization process can be 
explained in terms of hydrophobic interactions and the break up of the water structure. Higher 
temperatures, on one hand, help disrupt the water structure, and on the other hand diminish 
hydrophobic interactions. At lower temperatures the effect is exactly the contrary. The net result 
is the balancing of two effects in the temperature range used. 
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Figure 3. Dependence of the Critical Micellar Concentration of Cetyltrymethylarnmonium 

Bromide (CTAB) on the Mole Fraction of Glycerol for the Water-CTAB-Glycerol 
System. 
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Table II. Some Thermodynamic Properties for the Formation_ of Micelles of 
Cetyltrimethylammonium Bromide in Water-6tycerol Solutions at 25 °C. 

Mole Fraction Free Energy of Enthalpy of Entropy of 
of Glycerol Micellization at 25 °C Micellization Micellization at 25 •c 

(xc) AG0 
mlc (kcal/mole) AH0 

mlc (kcal/mole) AS0
mJc (e.u.) 

0.000 -4.14 -1.03 +10.43 

0.027 -4.10 -1.97 + 7.14 

0.057 -4.04 -1.58 + 8.25 

0.095 -3.97 -2.03 + 6.51 

0.142 -3.85 -2.92 + 3.12 

0.197 -3.71 -3.39 + 1.07 

0.270 -3.55 -4.84 - 4.33 

0.366 -3.35 -4.89 - 5.17 

0.498 -3.03 -4.30 - 4.26 

0.687 -2.82 -3.73 - 3.10 

1.000 * * * 
* Surfactant precipitates. 

Table III. Some Thermodynamic Properties for the Formation of Micelles of 
Cetyltrimethylammonium Bromide in Water-Glycerol Solutions at 40 °C. 

Mole Fraction Free Energy of Enthalpy of Entropy of 
of Glycerol Micellization at 40 °C Micellization Micellization at 40 °C 

(xc) AG0
mJc (kcal/mole) AH0

m1c (kcal/mole) AS0 m1c(e.u.) 
0.000 -4.30 -1.03 +10.40 
0.027 -4.21 -1.97 + 7.15 
0.057 -4.16 -1.58 + 8.24 
0.095 -4.07 -2.03 + 6.51 
0. 142 -3.90 -2.92 + 3.13 
0.197 -3.73 -3.39 + 1.09 
0.270 -3.48 -4.84 - 4.34 
0.366 -3.27 -4.89 - 5.17 
0.498 -2.97 -4.30 - 4.25 
0.687 -2.78 -3.73 - 3.03 
1.000 -2.50 
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Figure 4. Plot of the Thermodynamic Properties as a Function of the Mole Fraction of Glycerol 

for the Water-CTAB-Glycerol Ternary System at 25 °C. 

A careful analysis of the experimental results shows that at 40 °C the surfactant 
cetyltrimethylammonium bromide forms micelles in pure water, pure glycerol and the entire range 
of water-glycerol solutions. The free energy of micellization increases linearly from -4.30 
kcaVmole (pure water) to -2.50 kcaVmole (pure glycerol), as can be seen in Table III. Attempts 
to determine CMC for CTAB in pure glycerol at 25 °C were not successful as the surfactant 
precipitates at a concentration higher than 14 x 10·3 M at this temperature. However, CTAB 
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forms micelles in water-glycerol solutions at this temperature up to the case of solutions 
containing 90% by volume of glycerol. 

As can be clearly noted in Figure 4 and in Tables II and III, the addition of glycerol to 
water solutions containing CT AB has an inhibitory effect on micelle formation. This inhibitory 
effect can be explained by interactions between water and glycerol due to hydrogen bonding that 
eventually decrease the "hydrophobic" or "solvophobic" forces of the medium. As previously 
mentioned, it is well known that both ~ycerol and ethylene glycol form hydrogen bonds with 
water and disrupt the water structure21

-
2 

. 

Study of glycerol-water solutions by surface tensiometric measurements also showed the 
presence of interactions between the two solvents. This interaction reaches a maximum at mole 
fraction of glycerol of 0.18 and results in an excess surface free energy of 7dynes/cm somewhat 
higher than the values measured for ethylene glycol and formamide, that are similar polar 
solvents30•3L 
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ABSTRACT 

The link between the po/yo/ pathway and the occular complications of diabetes 
mellitus is explained by the excessive storage of sorbitol and the release of osmotic 
stress. The renal complications could also be explained by the osmotic hypothesis, 
but the po/yo/ pathway activity is reduced in this case. The study of 
sorbitoldehydrogenase (SDH) activity, one of the enzymes involved in the catabolism 
of glucose by this pathway in renal and hepatic homogenates from diabetic animals 
shows a constant increase of the hepatic enzyme activity compared to that at the 
renal level. The different variation of the renal SDH activity can be explained by the 
effect of hyperglycemia on the active form of the enzyme and its inactivation by 
nonenzymatic glycosylation. 

KEYWORDS: alloxan, polyol pathway, sorbitoldehydrogenase, aldose 
reductase, nonenzymatic glycosylation. 

RRSVMO 

_ A relaqao entre o aaminho metaboliao do poliol e aompliaa­
qoes oaulares de diabetes mellitus e expliaado atraves da arma­
zenagem exaessiva de sorbitol e da liberaqao da tensao osmotiaa. 
As aompliaaqoe's renais tambem poderiam ser expliaadas atraves da 
hipotese osmotiaa, porem a atividade do aaminho do poliol esta 
reduzida neste aaso. 0 estudo da atividade da sorbitoldehidroge­
nase ~SDHJ, uma das enzimas envolvida no aatabolismo da gliaose 
atraves deste aaminho, em homogenatos renais e hepatiaos, pro­
venientes de animais diabetiaos, mostra um aumento aont{nuo da 
atividade da enzima hepatiaa aomparada a aquela a n{vel renal. 
0 aomportamento diferente da SDH renal pode ser expliaado atraves 
do efeito da hipergliaemia sobre a forma ativa da enzima e a sua 
inativaqao por gliaosilaqao nonenzimatiaa. 
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INTRODUCTION 

Only a small percent of total glucose (aprox. 5%) is transformed by the polyol 
pathway under normal conditions providing the sorbitol needed to maintain the 
hydroosmotic balance1

•2. The polyol pathway is represented by two enzymes with 
different distribution: 

• Aldosereductase (E. C.1.1.1.21 }, a NADP+ dependent enzyme which acts 
in the medullary cells cytoplasm; 

• Sorbitoldehydrogenase (E.C.1.1.1.14}, a NAO+ dependent enzyme from 
interstitial cells. 

The two enzymes catalyse the transformation of glucose, first into sorbitol then 
to fructose (fig.1 ). 

H-C=O NADPH+H' NADP• CH20H NAD' NADH+H• CH20H 
I I I 

H-C-OH H-C-OH C=O 
I Aldose-reductase I I 

HO-C-H HO-C-H HO-C-H 
I I I 

H-C-OH H-C-OH H-C-OH 
I I I 

H-C-OH H-C-OH NAD' NADH+H' H-C-OH 
I I I 
CH20H CH20H CH20H 

Glucose Sorbitol Fructose 

Aldosereductase has a low affinity (high Km) for glucose and, thus, at the 
normal concentrations found in non-diabetic conditions, the metabolism of glucose by 
this pathway constitutes a very small percent. During hyperglycemia the intracellular 
level of glucose is eleveted and the transformation by the polyol pathway is 
intensified because of the insulin deficiency (between 11-30% depending on the 
organ involved)3.4·5 . 

The storage of sorbitol and fructose in cells releases the osmotic stress6
. 

The polyol pathway has different activity in lens, liver, kidney, retina, large and 
thin vessels and peripheral nerves7. 

The paper presents some of the results that we have obtained for renal and 
hepatic sorbitoldehydrogenase activity. They serve as an index for the polyol 
pathway in experimental diabetic nephropathy. The renal SDH activity depends on 
renal region, many data pointing out an increased activity in interstitial medullary 
cells8. 

MATERIAL AND METHODS 

The experiment was performed on 32 male Wistar rats, weighing 230-280 g, 
kept under standardised feeding and bioclimatic conditions. To induce the 
experimental diabetes 24 of them were injected with a subcutaneous dose of 100 mg 
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alloxan/kg b.w. The animals were divided into three groups and sacrified at different 
periods after the onset of diabetic state: 

• Group I, after 4 weeks; 
• Group II, after 6 weeks; 
• Group Ill, after 8 weeks. 
The other 8 rats were part of the control group ( c). 
We used blood, liver and kidney samples to test the activity of 

sorbitoldehydrogenase. 
Tissue homogenates were obtained in Tris-HCI buffer pH = 7,5 with an 

extraction ratio tissue/buffer = 1/10 
We tested the sorbitoldehydrogenase activity with the Richterich's colorimetric 

method9
. 

The total amount of tissue proteins was measured by the Lowry's method9
. 

Serum glucose was measured by means of the o-toluidine colorimetric 
method. 

RESULTS AND DISCUSSIONS 

The experimental results, statistically processed, are illustrated in Table 1. 
Soon after the alloxan administration we determined a triphasic variation of 

glucose values before the permanent hyperglycemia. 
Figures 2 and 3 present the variation of hepatic and renal SDH activity for the 

three groups of treated animals compared to the control group. 
Data from Figure 2 and Table 1 show a significant increase of hepatic SDH 

activity for the treated animals compared to the control group. The sorbitol pathway is 
a metabolic alternative for glucose in hyperglycemic conditions which follow the 
insulin deficiency in experimental diabetes. 

This variation explains the hepatic origin of this enzyme. 
At the same time, the alloxan "agression" also exacerbates the polyol pathway 

and the synthesis of the enzymes involved in this pathway increases in liver cells. 
The high amount of sorbitoldehydrogenase in the liver was also confirmed by 

the increased concentration of SDH m-RNA10
. 

The renal sorbitoldehydrogenase shows a different variation when compared 
to the hepatic enzyme (Table 1 and Figure 3). 

Renal SDH activity increased for groups I and II compared to the control 
group, but the group Ill presented reduced activity. 

Renal SDH activity increase is less significant as compared to the hepatic 
enzyme. Also, its variation doesn't correlate with serum glucose level. 

The increased value of renal SDH activity is explained by the intensification of 
the polyol pathway and its decrease is caused by an intense glycation process. 

Hyperglycemia enhances the nonenzymatic glycation of intracellular 
constituents and the active form of renal sorbitoldehydrogenase is transformed into 
an inactive one. 

• 
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Hepatic SDH* 6.8±1.3 9.2±2.4 13.4±0.6 16.5±1.7 
Hepatic SDH variation compared to the normal aroup - 135% 195% 240% 
Renal SDH* 0.78±0.12 0.81±0.92 0.98±0.24 0.80±0.42 
Renal SDH variation compared to the normal group - 105% 120% 102% 

* SDH activity is measured in µmoles fructose/min/g of protein 
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CONCLUSIONS 

• The study of the polyol pathway intermediates and enzymes from the renal 
tuft is very important to explain the mesangial alterations associated with 
the renal complications of diabetes mellitus. 

• The experimental model of diabetic nephropathy presents some similar 
conditions with diabetes mellitus caused by insulin deficiency. 

• Both the activity of the enzymes involved and the relative preponderance 
of the polyol pathway intermediates showed changes. 

• Although the SDH activity is modified, its variation does not correlate with 
hyperglycemia. 
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SYNTHESIS STUDY OF NEW 2- SUBSTITUTED IMIDAZOLINES 
WITH POTENTIAL HYPOTENSIVE ACTIVITY 
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"Gh. Asachi" Technical University Iasi, Faculty of Industrial Chemistry, 
Department of Organic Industries, 71 Bd. D. Mangeron, 6600 Iasi, Romania 
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ABSTRACT: A theoretical study based on molecular mechanics and semi­
empirical calculations of the condensation mechanism of methyl 
p-amidosulphonyl phenoxyacetate with ethylene diamine is reported. Synthesis 
of 17 new imidazolines derived from sulphonamidated phenoxyacetic acids is 
also described. 

RESUM:O Este trabaZho reZata os resuZtados de um estudo 
teorieo baseado em meoaniea moZeeuZar e oaZeuZos semiemp{­
rieos para o meeanismo de eondensaqao do metiZ~p-amidosuZfo­
niZ fenoxiaaetato aom etiZeno diamina. A slntese de Z? novas 
imidazoZinas derivadas de aaidos fenoxiaaetiaos suZfonamida­
dos e tambem desarita. 

KEYWORDS: 2-substituted imidazoline, sulphonamidated phenoxyacetic 
acid derivatives, hypotensive imidazolines 



84 

SOUTH. BRAZ. J. CHEM., Vol. 6, N°7,1998 

Irrtidazolines with Hypotensive Aetivity 

INTRODUCTION 

The systematic syntheses and pha1macological studies of numerous 
imidazolines substituted in the 2-position resulted in compounds with various 
biological actIV1t1es (e.g. analgesic, antidepressant, antihelmintic, 
antihype1tensive, vasopressor, hypotensive) 1

• 

Referring to the imidazolines acting on the high blood pressure only, 
these could be divided in two classes 1 

•
3

. The first class consists in 
2-substituted imidazolines with specific cardiovascular actions (e.g. 
Clonidine® and Lofexidine®). They have central antihypertensive properties 
being useful in treating the essential high blood pressure. 

The imidazolines substituted in the 2- position which act on the 
vegetative nervous system are included in the second class. These ones ( e.g. 
Periphen® ) induce hypotensive responses being used for the periferic 
vasoconstricting disturbances. 

Cl CH 
I 3 N 

O-CH~]·HCI 
Cl H 

Clonidine Lofexidine 

Periphen 

In the present paper a study on the obtaining of some imidazolines 
derived from sulphonamidates phenoxyacetic acids with a possible hypotensive 
action (i.e. of second class type), is reported. 

Some pharrnacodynamical studies on such products [ e.g. 2-(4-
amidosulphonyl-phenoxymethylene )- imidazoline and 2-( 4-amidosulphonyl-2-
methyl-phenoxymethylene )-imidazoline ] showed significant changes in 
arterial blood pressure when having been administred to dogs. In 
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addition, the sulphonamidated a1yloxymethylene group exhibited an extremely 
low toxicity, even in high doses 4. 

2- Substituted imidazolines have been synthesized by the condensation 
of ethylene diamine (EDA) with methyl esters of sulphonamidated 
phenoxiacetic acids in the presence of a condensing agent ( p-toluenesulphonic 
acid, p-TsOH) and anhydrous methyl alcohol as solvent, following the scheme 
described below 4'

5
. 

I/I.here: R1= Cl, CH3 ; Ri= SO/IJH71 SOfVHClf5' SO/IJ(C/fr)71 SO/IJ(Cft7)71 SOfV(C4Hg}z, 

SO/IJH-i Pr, SOfVH-t Bu, pyrrotydinosulphony/, piperazinosu/phony/ 

In order to obtain some theoretical info1mations on the condensation 
mechanism between esters and EDA in acid catalysis, a modelling study based 
on molecular mechanics and semi-empirical calculations has been perfo1med. 

EXPERIMENTAL AND METHODS 

Computational Details 

The modelling of the condensation process was done with the aid of the 
HyperChem 4.5 software. 

All calculations have been performed after geometry optimization of the 
molecular systems. Both system optimization and semi- empirical calculations 
were carried out using the AMI method 6. 

Chemistry 

Melting points were detennined on a Boetzius micromelting point 
apparatus and were uncorrected. Infrared (IR) spectra were recorded on a 
UNI CAM SP- I 00 apparatus using KBr pellets. Nuclear Magnetic Resonance 
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(1H-NMR) spectra were recorded at 300.1 MHz in deuterated 
dimethylsulphoxide (DMSO-~) as solvent, at ambient temperature. Chemical 
shifts were referred to hexamethyldisiloxane (HMDS) used as an internal 
reference. Ultraviolet (UV) spectra were recorded on a UV-Visible 
Spectrophotometer as diluted methanol solutions. The nitrogen content of the 
compounds was determined by the Dumas method. All evaporations were 
pe1fonned under vacuum. 

General Procedure 
All the compounds were synthesized starting with 0.01 mole of methyl 

ester of the con-esponding sulphonamidated phenoxyacetic acid and 0.015 mole 
EDA using p-TsOH and traces of sulfur as catalysts and anhydrous methanol 
(10 ml) as solvent. The reaction mixture was refluxed for 3-4 hours and the 
residue remaining after methanol removal by vacuum was treated with 25 ml 
water and allowed to stay till crystallization. The products obtained were 
purified from the appropriate solvent depending on their solubility. 

RESULTS AND DISCUSSION 

Our approach in clarifying the condensation reaction mechanism was 
based on two crite1ia: heats of formation, (LiHr), analyzed comparatively for 
three pairs of presumably formed species (denoted by A- H in the Figure !) 
and bond lengths (8) for the intermediates from which small molecules have to 
be eliminated. 

Thus, according to the assumed mechanism the protonation, under the 
catalyst influence, of the methyl ester of p-amidosulphonyl-phenoxyacetic 
acid, taken as an example, can occur on either the ether oxygen or the carbonyl 
one giving the isomers denoted by A and B, respectively. Due to the great 
difference between the two values of LiHr co!1"esponding to the A and B 
compounds, we supposed that only the fonnation of intermediate B is possible. 
That is why, only the attack of EDA on compound E is further considered. 

For thebinding of EDA at the carbon atom of the ester group, three 
inte1mediates are proposed as the structures C, D and ];; are depicting. 
Analyzing the LiHr values for the three compounds it can be observed that for 
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+H+ 
(p-TsOH) 

.. r ~H2C~r-CH3 
S02NH2 A ( 174,8 kcal/mol) 

•• • .,.. rH2c~O-H ¥ O-CH3 

S02NH2 B ( 146,5 kcal/mol) 

__,NH(CHz)zNH2 

rHz-C~bHz ¥ OCH3 -==""' 

S02NH2 
D ( -23,9 kcal/mol) 

Figure 1. Acid catalyzed condensation of methyl p-amidosulphonyl phenoxyacetate with 

ethylene diamine. 

the E inte1mediate the probability of fonnation is greatest. Consequently, we 
choose the E compound for the further transfonnation, by the elimination of 
one molecule of methanol. An additional argument for this choice consists in 
the difference between the length of the bonds 81 of 2,95 A and 82 of 3,28A 
which is indicative for the methanol molecule and not for the wateras leaving 
group. 

After methanol elimination from E two likely structures, denoted by f 
and G, respectively can be assumed. Since the difference in LiHr values of the 
two compounds is rather small ( of 4.6 kcal/ mo! ) the conclusion that can be 
drawn is that both stmctures can be regarded as possible intennediates 7. Thus, 
either carbocation f or intennediate G , obtained by a direct rerurangement of 
compound f; , could virtually pass into the intennediate H , of lower LiHr value. 
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From the isomer H one water molecule is easily expelled, in agreement 
with the the abno1mally great 83 length bond value, of 3.38 A, giving thus the 
protonated 2-( 4-amidosulphonyl-phenoxymethylene )-imidazoline. The expected 
product is obtained by exchanging proton with the conjugated base of catalyst 
(p-Tso· ). 

In conclusion, according to the proposed mechanism, the condensation 
reaction of the methyl p-amidosulphonylphenoxyacetate with EDA, in acid 
catalysis, occurs in two main stages. The first step that involves the elimination 
of one molecule of methanol due to the attack of EDA on the ester and the 
second step, consists of cyclization and water elimination, the final product 
resulting by proton exchange with the catalyst. 

Practically, seventeen imidazolines (Table I) derived from 
sulphonamidated fenoxyacetic acids were obtained. 

Table 1. Some properties of the imidazolines synthesized. 

~CH~]· 
R, H 

R, R, Empirical M M.p. %N %N 
Formula ioimol) <°Cl calc. found 

Cl so,NH, C10H12 ClN,03S 289.5 230- J4,5 J4.25; 
23J J4.39 

Cl S02NHC,H5 c, ,H, .c1N,o,s 3J7.5 J72 J3.22 13.05; 
J3.54 

Cl SO,N(C,H,)z C14H20ClN,03S 345,5 J84 J2,J5 J l,98; 
J2,0l 

Cl S02N(C,H1)2 c,.H,, ClN,o,s 373.5 !15 11.24 J 1.34; 
ll.40 

Cl SO,N(C,H9)2 Cl8H:is ClN,o,s 438 J29- 9.59 9.47; 
HCJ 130 9.55 

CJ S02NHCH(CH,)2 C13Hl8ClN,o,s 368 183- ll.41 J 1.09; 
HCl 185 11.38 

Cl S02NHC(CH,)3 C14H20CIN,03S 382 163- J0.99 10.87; 
HCJ 165 11.03 

Cl pyrrolidinosulphonyl c,,HISCIN,o,s 333.5 167 12.59 12.25; 
J2.39 

Cl piperazinosulphonyl c,,H,.c1N,o,s 358.5 258- 15.62 15.49; 
260 J5.54 

CH, S02NHC,H5 C"H,,,N,03S 297 140 J4.14 J3.98·, 
J4.02 

CH3 SO,N(C,H5)z C, sH23N,O,S 325 J89 - J2.92 J2.55; 
J90 J2.78 

CH3 S02N(C,H1)2 C17H21N303S 389.5 175 I0.78 J0.69; 
HCl J0.7J 

CH3 S02N(C,H9)z C19H31 N,O,S 4J7.5 J7J I0.059 9.98; 
HCI JO.OJ 

CH3 S02NHCH(CH3), C"H21 N30,S 347.5 2J7 12.086 11.98; 
HC! J2.05 

CH3 S02NHC(CH,)3 C,,H24N30 3S 362.5 210 11.58 J 1.62; 
HC! J l.52 

Rccr. 
Solv. 
H20 

i-PrOH-
HOH 

i-PrOH-
HOH 

i-PrOH-
H,O 

CH30H 

CH30H 

CH30H 

CH,OH 

DMSO 

C,H50H-
H20 

C2H50H 

CH30H 

CH,OH 

CH30H 

CH30H 

CH3 pyrrolidinosulphonyl c, ,H,, N,o,s 323 J83- 13.00 J3.J2; CH30H-H20 
184 13.08 

CH3 piperazinosulphonyl c, ,H,,N,o,s 337 232 16.61 16.54; DMF-H20 
16.59 
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The imidazolines obtained are solid, amorphous substances with 
characteristic melting points. As free bases they are soluble in ethyl and methyl 
alcohol, acetone, dimethylsulfoxide, dimethylformamide, tetrahydrofuran and 
hot water. 

The IR spectra, show characteristic bands as follows: 3050-3100, 2930-
2950, 1600-1610, 1450-1490 cm·1 (imidazoline), 1080-1100 cm·1 

(C :.:.:.:.:..S); 1020- 1040 cm·1 (S:.:.:.:.:.. O); 1040- 1080 cm·1 
( S:.:.:.:.:.. N); 1160-1180, 

1300-1360 cm·1 (S02); 1200-1260 cm·1 (C:.:.:.:.:.. 0) and 805-825, 870-885 cm·1 

(1,2,4- substituted aromatic ring) s-10
. 

The UV spectra show broad bands at approximately 220 nm. 

The structures of 2-substituted imidazolines were finally confirmed by 
1 H- NMR spectra. The chemical shifts assignments supported the expected 
structures being in close agreement with the Lofexidine® spectrum, taken as 
reference for the imidazoline ring 1

• 

CONCLUSIONS 

The studies on the aryloxyalkylcarboxylic acids derivatives were 
continued by the synthesis of new compounds with potential hypotensive 
actions. 

Seventheen new imidazolines have been prepared by the reaction of 
some methylic esters of sulphonamidated a1yloxyalkylcarboxilic acids with 
ethylene diamine using acid catalysis. 

A theoretically study based on molecular mechanics and semi-empirical 
calculations of the condensation mechanism of methyl p-amidosulphonyl 
phenoxyacetate with ethylene diamine is reported. 

The structure of the compounds obtained have been elucidated by 
means of elementary analysis data and IR, UV and 1H- NMR measurements. 

Acknowledgment: The authors are grateful to Dr. Jaroslav Kritz, Institute 

Macromolecular of Chemistry Prague, Czech Academy of Science, for the 

determination of 1H- NMR spectra. 
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ABSTRACT 

A new series of oxovanadium(IV) chelates containing bi-and tridentate pyrazol-
5-one azo derivatives ligands of the type (I} [VO(L)i] and (2) [VO(L)(H;fJ)j have been 
prepared and characterized by elementary analysis, JR, electronic spectra, 
conductance measurements and molecular weights. The ligands coordinate through (O-
N) donor system as monobasic and bidentate (HL) for the first type and through (0-N-
O) donor system as dibasic and tridentate (H2L) for the second type of complexes. The 
molecular weghts, the presence of the (V=O) stretching band around 950 cm·1 and the 
visible spectra suggest a monomeric penta-coordinated structure for these complexes. 

Keywords~ oxovanadium(IV) eoordination eompounds, pyrazol-5-one, azo dye, 
UV, IR speetroseopie 
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INTRODUCTION 

In recent years there has been considerable interest in the synthesis, magnetic 
and structural properties of oxovanadium(IV) complexes of bi- and tridentate Schiff 
bases1

•
2

.3. Zelenstov4 and Ginsh'erg5 have suggested a dimeric structure for the 
complexes of oxovanadium(IV) with Schiff bases of the general formula: 

-EXOHH)G-. 
x y 

CH= ~ 

These results have suggested an investigation of the posibility of obtaining 
dimeric compounds of oxovanadium(IV) with bi- and tridentate 1-(2' -benzthyazolyl)-3-
methyl-4-substituted-pyrazol-5-one azo derivatives of general formula: 

X = OH, COOH, H. 
D = diazo component 

The pyrazol-5-ore azo derivatives are very important pigments6
. In the present paper 

we report the results of the study of the behavior of these new ligands with the 
vanadyl(IV) ion. It has been found that according to the nature of the substituents D and 
X two different types of complexes are obtained. 
(i) complexes with the general formula [VO(L)2}, in which the vanadium is !inched to 
two azo derivatives obtained as the anionic part L of the following HL ligands. 

HI) X=H 

HI,2 X=H and 

lc10,r 
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X=H 

In solution, there is an e~uilibrium between the hydrazoketo and azoenol forms 
of pyrazol-5-one azo derivatives 

Hydrazoketo form 

and therefore, these ligands act bidentately and have monobasic properties. 
(ii) complexes with general formula [VO(L)(I{iO)J, in which the vanadium is linked to 
only one azoderivative and to one water molecule. The L corresponds to the anionic 
part of the following FhL ligands 

H,L4 n= Q- X-COOH 

x 

H2L$ D= 
N~Q-

X=OH Md 

x 

H,r,6 D= co- X=-OH Md 

x 

Six compounds of these two series have been prepared and characterized. Their 
molecular weights, IR, UV-VIS spectra and conductance have been measured and the 
results were analyzed in order to obtain information on the structure and the 
stereochemistry of the compounds in solid state. 
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EXPERIMENTAL PROCEDURE 

All compounds and solvents were pure BDH grade chemicals. The ligands used 
were prepared according to the method previously described8

'
9

. 

Physical Measurements 

The electronic spectra of all compounds were obtained by the diffuse-­
reflectance technique, dispersing the sample in MgO, with a Specord M400 Carl Zeiss 
Jena Spectrophotometer. 

The IR spectra were determined with a Perkin-Elmer FT-IR spectrophotometer 
in the range of 4000-200 cm·1

, in K.Br pellets. 
Molecular weights were determinated in chloroform at 37°C with a Mechro!ab 

Model 301A vapor pressure osmometer. Concentrations of the solutions were in the 
range of 10"3-104 M. 

Elementary analysis were determined with a Carlo Erba EA 110& apparatus. 
Vanadium was determined by the gravimetric method. Conductance measurements 
were obtained with a Radelkis conductometer type OK-102/l. 

Preparation of the compounds 

Complexes of type (l} [VO(L):z} were synthesized by dissolving (0.004 mol} HL 
in 50 ml of hot ethanol/acetone mixture (Ill v/v} and then adding (0.002 mo!} of 
vanadyl sulphate (dissolved in 10 ml HiO/ethanol 500/o}. The pH of the reaction 
medium was adjusted with (0.004 mo!} CH3C00Na.3Hi0 from 4-4.5 to &-&.5 
followed by stirring the reaction mixture, under reflux on a water bath for about l.5 
hours. The solid complexes were separated by filtration, washed with ether and dried at 
room temperature. 

The complexes were purified by recrystallization, ( 11 = 60o/o}. The general 
reaction was 

V0$04.2fli0 + 2HL +2 CH3COONa.3tliO-? [VO(L):z} +NazS04 + 
2CH3COOH +&H20 

Complexes of type (2} [VO(L)H20} were prepared by dissolving (0.004 mo!} of 
the HzL in 50 ml of hot ethanol and adding an aqueous solution ofV0$04.2fliO (0.004 
mo!). The pH of the reaction was adjusted with (0.004 mol} CH3C00Na.3H20. The 
mixture of reaction was heated under reflux on a oil bath at l !2°C for 0.5 hr. The solid 
complexes were filtered off, washed with ether and then dried at room temperature. The 
complexes were purified by recrystallization, (ll = 65%}. The general reaction was: 

V0$04.2fli0 + HzL +2 CH3COONa.3tliO-? [VO(L}(HiO}} +NazS04 + 
2CH3COOH +7fli0 

: RESULTS AND DISCUSSION 

The solution conductance values in DMF for the solid complexes (Table I} are 
in good agreement with the data obtained by previous authors10 and suggest a non 
electrolyte behavior of the complexes of both type (1) and type (2). The elementary 



Table 1. Analytical data, conductance measurements for Complexes of Oxovanadium (IV) 

Microanalysis Results ).,,C Mo! M.p. 
Complex Formula o-1cm21nol-1 wt oc 

%ca %Ha %Na %Va 

[VO (Ll)2] VO(C34H22N 1206S2) 49.45 2.66 20.36 6.17 35.4 824.94 35ob 
(50.01) !3.00) (20.40) !6.20) 

[VO (L2)2] VO(C44H48N802) [CI04Jz 53.55 4.86 11.35 5.16 58.6 985.94 357b 
(53.76) (5.01) (] 1.44) (5.24) 

[VO (L3)2J VO(C50H44N 1202S2) [BF 4Jz 52.23 3.83 14.62 4.43 59 1148.56 431b 
(52.30) (4.00) (14.70) (4.50l 

[VO (L 4) (H20)] VO(C13H11N503S) (H20) 46.75 2.81 15.15 11.02 44.2 461.94 275 
!46.80) !2.95) !15.30) !11.00) 

[VO (L5) (H20)] VO(C17H10N604) (H20) 45.64 2.68 18.79 11.39 45.3 446.94 271 
(45.70) (2.71) (18.80) (11.40) 

[VO (L6) (H20)] VO(C17H10N502SCI) <H20) 43.54 2.56 14.94 10.87 44.37 468.44 >300 
(43.55) (2.70) (15.00) (10.95) 

a Calculated (Ex'J)Crimental) ; b Decomposition temperature ; c 10-4 M solution in DMF 

Powder 
colour 

green 

brown 

red- brown 

yelow - green 

brown - red 

brown - dark 
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Table 2. Assigments of IR Spectral Bands (cm-
1
} for Complexes 

of Oxovanadium (IV) 

Frequencies Con1plcxcs 

VO(l})2 VO(L2
), VO(L'), VO(L'XH20) VO(L'XlhO) VO(L'XH20) 

v(C-0) 1690 * 1690. -1690 * -1690. -1690 * 
ovrazolone - - - - - -

v(C=O) 1280 - 1280 1280 1280 1280 
enolic 

vrC-O-Ml 1540 - 1540 -1545 -1540 -1545 

v(N=N) 1475-1570* 1577* 1577* 1575* 
+ +880-900* 

vlC-N-N-C\ 1565+910 1560+920 1560+900 1565+920 1560+910 1560+900 

()(OH) - 1385* - - 1380* 1380• 
nhenolie - - -
v(OH) - 3460* - - 3450* 3450* 

phenolic - - -
v(C-0) - 1150* - - I 140* 1140* 
nhenolic 1285 1285 1285 

v(OH ... N) - 1650* - - 1656* 1656* 
- - -

v(COOH) - - - 2570* - -
-

vlOCOl - - - 1425 - -
v(C-0-H) of - - - 810* - -

aromaticCOO -
H 

()(OH)+ 1410* 
v(CO) of - - - - -

aro1naticCOO -
H 

v(CH), ()(CH) 3030*+720* 
3030+730 3100+605 3000+720 -3100+730 -3111-720 -3000--730 

vlMNl 410 410 410 405 410 410 
vlMOl 505 500 505 500 500 505 

vlVO\ 950 950 950 940 950 952 

v(HO) of 
lhO - - - 3095 3090 3095 

coordinated 

* Bands in the free ligands 

analysis (Table 1) indicates a ratio VO/HL = 'h for the type (1) complexes and a ratio 
VO/thL = 1/1 for the type (2) complexes. The molecular weights for all complexes 
correspond to a monomeric structure, 

The infrared group frequencies of diagnostic importance are shown in Table 2. 
Complexes of type (l) [VO(L )2J spexhibit a new band corresponding to v(Csp 

2
-0) enolic 

at 1280 cm·1 while the band corresponding to v(C=O) pyrazolone dissapears. The band 
v(N=N) at around 1475-1570 cm·1 in the free ligands is shifted to around 1$60 cm"

1 
in 

the complexes. In the complexes the bands v(OH) phenolic at around 3460 cm"
1 

and 
v(OH ... N) at around 1650 cm·1 in the free ligand dissapear, while the band v(C-0) 
phenolic is shifted from ll50 cm"1 _in the .ttee ligand to 1285 cm"1 in the complex. 



, . 

Table 3. The Reflcctanci Electronic Spectral Data for Oxovanadiuni (IV,1 Complexes (cnr1 r 
and the Assigmcnts of theit Bands 

, .. • •o " . ~ .. ~ ' -
Complexes V1 (cni1) Vl rcm'l\ ,.., fcni'I 

[VO(L'h] • 17100 b:i ~ b: . 12 750 b:i ~ e,. 
drxvl .itxz,•~' d(xy) d(r-1'> 

[VO(L'h] • 13 ooo b:i ~ e,. 17 000 b:i ~ b; . 

[VO (L'h] • 
13 200 b:i ~ e" 18 200 ti, ~ b: . 

• 18 181 b:i ~ '1i 
[VO (L4) <HlO)] . 15 873 b:i ~ b; d(xy) d(r) 

[VO {I!) aflO)] . 
16 100 b:i ~ b; • 19100 b:i ~ '1i 

[VO (L6
) aflO)] - 16 129 b:i ~ b; • 18 867 ti, ~ '1i 

9umge ttansfer bands 

-20 000 (a, ~ b:i) 
-28 000 (e. ~ b:i) 

-20 000 Cai ~ b:i) 
-29 000 Ce.~ ti,) 

-21 500 (a, ~ b:i) 
-27 800 (e. ~ b:i) 

• -30 303 Cai ~ e.-) 

-23 809 (a, ~ti,) 
-21397 re.~ b:i' 

• -31100 (a,~ e .. ) 

-24 500 (a, ~ b,) 
-29 800 le.~ Ii,\ 

• -33 333 (a, ~ e .. ) 

-24 500 (a, ~ b,) 
-28 800 <e. ~ b:i) 

;,,, 

t>j 
"1 
~ 
;:>: 
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The complexes of type (2) [VO(L)HiO] exhibit new bands due to v(OCO) 
coordinated at 1425 cm·1, and a large band corresponding to the coordinated water 
molecule appears at 3095 cm·1

. In all complexes new bands appear around 505 cm·1 

and around 410 cm·1 corresponding to v(V-0) and respectively to v(V-N)11'n 
Furthermore the presence of the V=O stretching band around 950 cm·1 all 

complexes indicates a monomeric VO unitn 
The IR spectral data suggest: 

(i) a coordination through (ON) donor system of the HL ligands after deprotonation of 
the enolic group. 
(ii) two HL acting bidentately around a vanadyl unit. 
(iii) a coordination through (ONO) donor system of the HiL ligands which act 
tridentately and dibasic after undergoing the deprotonation of (COOH} group in (H2I-4) 
ligand, and (OH) group in (H2L5

) and (H:iL 6), and the enolic group proceeded from 
pyrazolone v(C=O) frequence. 

Electronic reflectance spectral data are provided in (Table 3). The complexes 
[VO(L)2J exhibit only two bands as shoulders around 13000 cm·1 and 17000 cm·1. 

These bands were assigned to (\)2 ~ e* n) respectively to (\)2 ~ b*1) transitios 14
. and 

respectively to (b2 ~ a*1) transitions14.The third band is covered by a charge transfer 
transition. 

The complexes [VO(L)H 101 exhibit a band beetwin (15873-l6129)cm"1and a 
low intensity shoulder beetwin (18181-18867)cm -I assigned to (b:i ~ b*1) and 
respectively to(\)2 ~ a*r) transitions. 14 Charge transfer bands are also observed at 
(30303-33333) cm·1 and (23809-27397) cm·1. 

F.A.Cotton15 noted that the differences in the energy of the third band VJ are 
caused by the nature of the electron-attracting groups around the equatorial atoms. 
A strong electron-attracting effect causes a shift of the band v s to a lower wave length. 
In our paper the value v:i =19100 cm·1corresponds to (N02) group and the value v:i 
=18867 cm·1 corresponds to (Cl) atom. These bands are in good agreement with 
Cotton's observation. 

Based on the above results the following structures are proposed for mononuclear 
oxovanadium (IV) complexes: structure(I) for [VO(L)z] complexes and structure (Il) 
for [VO(L)HzO) complexes. 

0 0 
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THE REACTION BETWEEN 
2,2-DIPHENYL-1-PICRYLHYDRAZYL FREE STABLE 

RADICAL AND N-BROMOSUCCINIMIDE 

Petre Ionita 

Institute of Physical-Chemistry, Spl. Independentei 202, 77208 Bucharest, Romania 

ABSTRACT 

The reactions of 2,2-diphenyl-1-picrylhydrazyl (DPPH) or 2,2-diphenyl-1-picrylhidrazine 
(DPPH-H) with N-bromosuccinimide (NBS) were studied. Two main compounds Br-DPPH 
and (Br)2DPPH were obtained, by bromination of the starting material in para-phenyl 
position, and also a secondary product, N02DPPH. It was shown that the reactions of NBS 
with DPPH include a substitution at the picryl group ofDPPH with liberation in situ ofN02 
(ipso-substitution of a nitro group with bromine) and subsequently N02 is scavenged by 
DPPH with the fonnation ofN02DPPH. 

Keywords: DPPH, free radical, bromination, ipso-substitution, scavengers 

RESUMO 

Foram estudadas as reaqoes de 2,2-difeniZ-Z-piariZhidraziZa 
(DPPH) e 2,2-difeniZ-Z-piariZhidrazina (DPPH-H) aom N-bromo­
suaininimida. Foram obtidos dois produtos prinaipais, Br-DPPH 
e (BrJ 2 DPPH, atraves da bromaqao do reagente iniaiaZ na posiqao 
E-feniia. Tambem foi obtido um produto seaundario, NO DPPH . 
Foi demonstrado que as reaqoes de n-bromosuainimida (DBS) aom 
DPPH envoZvem uma substituiqao no grupo piariZa de DPPH aom 
Ziberaqao in situ de No 2 ( substituiqao ipso de um grupo nitro 
aom bromo). Subsequentemente, o N0 2 reage aom DPPH formando 
N0 2DPPH. 
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The synthesis of the substituted derivatives of the 2,2-diphenyl-l-picrylhydr~I free 
stable radical (DPPH) involves various methods, including radical-radical reactions.1· 

The scavenger behavior of DPPH, encountered in many physico-chemical 
processes, afforded the obtaining of the substituted diphenylpicrylhydrazine R-DPPH-H (R­
means a substituent in the para-phenyl position, -H a hydrazine and a form without -H a 
hydrazyl radical). 3 In this way the bromo- and nitre-substituted derivatives of DPPH were 
obtained. 4'

5 

Because of its unusual stability, DPPH has focused special interest for a long time; 
therefore numerous mono- and di-substituted compounds have been prepared.5

•
6 In 

particular, the reaction of DPPH with nitrogen dioxide or halogens to form substituted 
hydrazines has been studied in detail. 1

•
4 

The 2-(p-bromophenyl)-2-phenyl-I-picrylhydrazyl Br-DPPH and 2-bis-(p­
bromophenyl)-l-picrylhydrazyl (Br)iDPPH were obtained by the following reactions: i) the 
reaction of DPPH with hydrobromic acid in presence of sodium bromide; 7 ii) the reaction 
of DPPH or DPPH-H with bromine4 and iii) the synthesis of the bromo-derivatives from 
substituted diphenyl amine. 5 

The mechanism of the reaction between DPPH and N-bromosuccinimide (NBS) 
proceeds via free radical intermediates, as is shown herein. This paper presents a new 
method for the synthesis ofBr-DPPH and (Br)2DPPH compounds. 

EXPERIMENTAL 

NBS, DPPH and DPPH-H were Aldrich products. The solvents employed were 
analytical grade used without purification. In the synthesis, the utilization of DPPH-H 
instead of DPPH lead to better results. 

UV-Vis spectral determinations were performed with a Specord UV-VIS 
spectrophotometer in methylene chloride. The EPR spectra were recorded at room 
temperature on a JES-3B (JEOL) spectrometer with IOOkHz field modulation using X-band 
frequency. The parameters of the EPR spectra were measured in comparison with those of 
Fremy's salt (air13.0 Gauss). The NMR spectra were recorded at ambient temperature (ca. 
295K) with a Varian Gemini 300BB instrument; the solvent was deuterated chloroform; 
internal TMS was used as reference both for 1H-NMR and 13C-NMR spectra. 

The NMR and ESR spectra were identical with those in literature.4
•
8 

The reaction of DPPH-H with NBS in carbon tetrachloride 

Br-DPPH 
Five hundred milligrams ofDPPH-H (1.25 mmol) dissolved in carbon tetrachloride 

was allowed to react with 240 mg N-bromosuccinimide (1.3 mmol) at 0-5°C. After 24 hrs. 
the carbon tetrachloride solution was filtered off, stirred with an aqueous solution of 
ascorbic acid until the color changed to red-brown, and the organic phase separated; the 
solvent was removed and the residue chromatographed on silica gel GF 254 {Merck). 
(Br)2DPPH-H (14%), Br-DPPH-H (39%), DPPH-H (12%), and NOi-DPPH-H (5%) were 
obtained. By oxidation of the hydrazine with solid potassium permanganate in methylene 
chloride the free stable radicals were obtained in 95% yield. Elemental analysis for Br­
DPPH-H {C18H12NsO~r): calculated (C, H, N, Br %): 45.59; 2.55; 14.77; 16.85; found 
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45-45; 2.50; 14.90; 16.73. Melting point 181-3°C (literature data 182-4 °C); UV-Vis 
A..n.,=320 nm, in basic media A,,,.,=424 nm, for the corresponding free radical A.max=520 
nm. TLC analysis on silica gel GF 254 (Merck), toluene eluent, RF0.60, for the free radical 
RF0.68. 

(Br)2DPPH 
Samples of 500 mg DPPH-H (l.25 mmol) was treated with 460 mg NBS (2.6 

mmol), and the reaction mixture worked up similarly. (Br)2DPPH-H (32%), Br-DPPH-H 
(15%), DPPH-H (12%), and NOrDPPH-H (11%) were obtained. By oxidation in 
methylene chloride the corresponding free radicals are obtained with 95% yield. Elemental 
analysis for Br2DPPH-H (C18HnN50J3r2): calculated (C, H, N, Br %) 39.09; 2.00; 
12.66;28.89; found 38.45; 2.00; 12.70; 28.73. Melting point 158-60°C (literature data 158-
620C); UV-Vis A,,,.,=319 nm, in basic media A,,,.,=432 nm, for the corresponding free 
radical A.,,,.,=520 nm. TLC analysis on silica gel GF 254 (Merck), toluene eluent RF0.66, 
for the free radical RFO. 78. 

The reaction of DPPH-H with NBS in DMF 

Br-DPPH 
Samples of 500 mg DPPH-H (1.25 mmol) and 230 mg NBS (1.3 mmol) were 

dissolved at 0-5°C in DMF. After 1 hr. water and ascorcic acid were added until a yellow­
red precipitate appeared, which was filtered off, dried and cromatographed under the same 
conditions as described above. The products were isolated with the following yields: 
(Br)2DPPH-H (12%), Br-DPPH-H (42%), DPPH-H (10%), and NOrDPPH-H (5%). 
Oxidation in methylene chloride give the corresponding free radicals with 95% yield. 
Elemental analysis for Br-DPPH-H (C18H12N50 6Br): calculated (C, H, N, Br %) 45.59; 
2.55; 14.77;16.85; found 45.55; 2.50; 14.92; 16.83. Melting point 183°C (literature data 
182-4 °C); UV-Vis A,,,.,=320 nm, in basic media A,,,.,=424 nm, for the corresponding free 
radical A.,,,.,=520 nm. TLC analysis on silica gel GF 254 (Merck), toluene eluent RF0.60, 
for the free radical RF0.68. 

(Br)2DPPH 
Samples of 500 mg DPPH-H (l.25 mmol) and 460 mg NBS (2.6 mmol) were 

processed similarly as described above. (Br)2DPPH-H (37%), Br-DPPH-H (14%), DPPH-H 
(8%), and NOrDPPH-H (10%) were obtained. By oxidation in methylene chloride the 
corresponding free radicals are obtained in 95% yield. Elemental analysis of Br2DPPH-H 
(C1sHnNs05Br2): calculated (C, H, N, Br%) 39.09; 2.00; 12.66; 28.89; found 38.65; 2.10; 
12.70; 28.75. Melting point 161°C (literature data 158-162°C); UV-Vis A,,,.,=319 nm, in 
basic media A,,,.,=432 nm, for the corresponding free radical A,,,.,=520 nm. TLC analysis 
on silica gel GF 254 (Merck), toluene eluent RF0.66, for the free radical RF0.78. 

The compound NOrDPPH-H was isolated in the same conditions at RF().26 
(Am..,=352 nm), for free radical RF0.46 (A..n.s=505 run). 
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RESULTS AND DISCUSSION 

NBS is widely used in the preparation of a bromoderivatives originating in active 
substrates, the bromination occuring by a radical mechanism (Eq. l ). 

(I) 

Both free radicals generated may interact with DPPH, but only the bromine radical 
yields the compound shown in the next equation (the bromine radical is scavanged by 
DPPH, which requires both combination and H-transfer, Eq. 2): 

B 

+Br• (2) 

The free radicals involved in the processes (R may be the free radicals derived from 
succinimide, bromine or nitrogen dioxide free radical) allowed the oxidation of hydrazine 
species to the hydrazyl free radical (Eq.3 ): 

-RH 
(3) 

If an excess of NBS is employed (Br)iDPPH is expected to fonn (Eq. 4): 

+Br• (4) 
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The study showed that for the DPPH, Br-DPPH and (Br)iDPPH compounds, the 
relative ease of oxidation of the hydrazines to the corresponding free radical decreases as 
the bromo groups are added (Weil observed the same behaviour for the nitrocompounds 
NOrDPPH and (N02)2DPPH). 1 

The reactions were carried out in carbon tetrachloride or dimethylformamide 
(DMF). Although bromination with NBS takes place in carbon tetrachloride, utilization of 
DMF offers some advantages, because the process is faster, occurs in homogeneous phase 
and one can easily separate the reaction products by water addition. 

An attempt was made to increase the yield and the selectivity of the reaction for one 
or the other product (Br-DPPH and (Br)2DPPH); the reaction was carried out at low 
temperature (0-5° C). This processes favoured the obtention ofbrominated compounds and 
decreased the yield of the ipso-substituted derivatives.4 The average yield of brominated 
derivatives increases about !0% when the reaction occurs at low temperature. 

All the experiments have shown the formation of NOi-DPPH, by ipso-substitution 
process (bromine radical ipso-substitued one ortho-nitro group), followed by N02 radical 
scavanged by DPPH (Eqs. 5 and 6). 3

•
4
•
6
•
8 

+Br• 
-NOi (5) 

N----N 
+N()i (6) 

• 

After the isolation of the bromoderivatives, elementary analysis, meltin~ point and 
the UV-Vis, NMR and ESR spectra were identical with the literature data. 1

- •
9 In basic 

media the hydrazinic hydrogen is removed (because it has an acidic character),10
•
11 and the 

anion formed exhibits a different absorption spectrum (see experimental part). 
The use of the corresponding hydrazine DPPH-H instead of DPPH gave better 

results as far as the reduction of secondary compounds concerned, as shown by 1LC 
analysis. 

In conclusion, although the reaction between DPPH-H and NBS is quite complex, 
the proposed method is a viable alternative for the DPPH bromination. The reaction 
involves the generation of bromine radical which is scavenged by DPPH or Br-DPPH. The 
ipso-substitution of a nitro group from picryl moiety with bromine yields N02DPPH. 
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