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ANTONIO DE ULLOA, DISCOVERER OF PLATINUM

Lavinel G. Ionescu
Departamento de Quimica Pura, Faculdade de Quimica
Pontificia Universidade Catolica do Rio Grande do Sul-PUCRS
Porto Ailegre, RS BRASIL 90610-900

&
Departamento de Quimica, Centro de Ciéncias Naturais e Exatas
Universidade Luterana do Brasil - ULBRA
Canoas, RS BRASIL 92420-280

ABSTRACT

Don Antonio de Ulloa, member of a distinguished Spanish
family, was born in 1716 and died in 1785. He studied
physties 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 im Europe
and the Americas and occupied many important positions,
ineluding those of Frigate Captain, Commander of the Royal
Squadron of the Spanish Armada, Governor of Huancavélica -
Peru, Louistiana and Flovrida. In 1735, while member of a
scientific expedition sent by the Spanisk and French gov=-
ernments to South America to measure a degree of meridian
in Quzto, close to the equator, he discovered platinum in
the mines of Lavadero or wash gold in the distriet of Choed.

RESUMO

Don Antonio de Ulloa, membro de uma ilustre familia espa-
nhola, nasceu em 1716 ¢ morreu em 1795, Ele estudou fisica
e matematica e foi soecio de muitas entidades cientificas,
ineluindo a Academia de Ciéncias de Paris e a Royal Society
de Londres. Viajou extensivamente na Europa e nas Américas
e ocupou muitos cargos importantes, entre eles, Capitao de
Fragata, Comandante da Esquadra da Real Armada Espanhola,
Governador de Huaneqvélica ~ Peru, da Louisiana e da Fléri-
da. Em 1735, quando fazia parte de uma expedigao cientifica
enviada pelos governos da Espanha e da Franga da América do
Sul para medir um arco de meridianc em Quito, perto do ecua-—
dor, descobriu a platina nas minas de Lavadero no Partido
de Choed.

KEYWORDS History of Chemistry, Platinum,
D1scovery of the Elements.
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Contrarily to what is generally belieyed, many
scientists that were born or lived Tn Latin America, made
stgnificant contrifiutions to chemistry. Among them are
Antonio de Ulloa (1716-1795), who was the first to take
platinum to Europe and make this metal known in the 01d
World; Fausto and Juan Jos@ Delhuyar, discoverers of tung-
sten; Andrés Manuel Del Rio, discoverer of vanadium; Jose
Luis Casaseca, founder of the Cuban Institute of Chemical
Research; Alvaro Reynoso, father of modern sugar technology
and Luis Frederico Leloir, Nobel laureate in chemistry.
Notable contributions were also made by Horacio Damianovich
in noble gas cliemistry, Gustavo Fester and Xorge Alejandro
Dominguez in natural products and Ernesto Giesbrecht in the
chemistry 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 Tayer.

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 received a very good
formal education and turned ocut 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 Indias (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 travelled 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 de?ree 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 approval and support, but
also appointed two young officers (Frigate Lieutenants) of
the Spanish Armada to accompany the French Commission,
assist with the observations and measurements and help obtain
new scien%lfig knowledge about the shape and the dimensions
of earth. !5~

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 obseryations 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
f1rst description of p?at1num given be'low.M

““En el Partido dei Chocb, hab1endo muchas minas de Lavadero,
como las que se acaban de explicar, se encuentran también algunas, en donde
por estar disfrazado, y envuelto el Oro, con otros cuerpos metalicos, Jugos y ,,
Piedras, necesita para su beneficio el auxilio del Azogue;y tal vez se hallan mi- -
nerales, donde la Platina (Pledra de tanta resistencia, que no es facil romperla,
ni desmenuzarla con la fuerza del golpe sobre Yunque de Acero), es causa de
que se abandonen; porque ni la calcinacion la vence, ni hay arbifrio para extraer
el Metat que enc:erra, sino a expensas de mucho trabajo y costo™ ¥, .

k% Relaclén Histérica del Viaje 6 la América Mer{dtonal hecho de orden de S. Mag. para medir ctgunoa
gradoe del meridiano terrestre y venir por ellos en conocimiento de la verdadera figura y magnitud
de la Tietra, con olras abservaclones astrondmicas y flslcas: Por Don Jorge Juan, Comendador de-
-Alags en el Orden de San Juan, soclo cotrespondiente de la Keal Academin de Ciencias dz Paris y-
Don Juan Antonio de Ulloa, de la Real Sociedad de Londres: Ambos capitanes de Fragats de la Ar-

mada, Impresa de orden del Rey Nuestro Sefior en Madrid por Aatonioc Marin. Ao de MDCCXLVIII -
... Erimera Parte Tomo [}, p. 606. )

ANTONIO DE ULLOA(1716-1796)

SPANISH PHYSICIST, MATHEMATICIAN, NAVAL COMMANDER,
DISCOVERER OF PLATINUM, GOVERNOR OF LOUISIANA AND
FLORIDA, EXPLORER OF THE AMERICAS.




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

4 Antonio De Ulloa, Discoverer of Platinum

Mary Elvira Weeks in her book " Discovery 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 antampated that there must be

~ special mines of it just as there are of gold and sitver.

De Ulloa described it as follows: “‘In the district of Chocd 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 calein-
able; so that the metal, inclosed within this obdurate body, could not be
extracted without infinite labour and charge . . "

Apparently, the 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.

In May of 1745, afterceompleting 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 Délivrance 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.
Apparently, 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.!l,

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 S? g a practical monopoly of this
metal for many years.

Besides the British, many other scientists became in-
terested in platinum. They included Scheffer, Bergman, Berze-
lius, Baumé, 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 the mining of mercury. In 1758 he was named
Governor of Huancavélica, Peru and superintendent of the
mercury mines. In 1765 he was named Governor of Loujsiana,
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
"Platina di Pinto'" to Sir William Watson of the Royal Society.
Brownrigg hiad obtained the sample from the metallurgistl!l,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
Philosophical Transactions Abridgement containing Watson's
communication and Brownrigg's letter is given below.

= XXXIL- 1. T.take the” freedom. to inclofe..to you an account " of & Ssral P ™
femi-metal called Platina di Pinto; which, fo far'as I know, hath notperscoscerse. " :
.been.taken ‘notice of. by any writer ‘on minerals,’ ' My Fiill, who,iS.one's”f a ’;‘" A
‘of the moft modérn, makes no mention of it. +; Prefuming-thercfore that 5", m:?;:;" 3
the fubjectis new, I requeft the favour of you o0 Jay this account before comminicared
the R.'S. 1o be by, them read and- publifhed, :if they think it deferving ¢ s8¢ Royal ‘%,
thofe honours. . I Thould "fooner:have publithed chis account, but:wait. Society & Mp..
ed, "in hopes of finding leifure to'make further experiments on-this body 53 }.";:{g"» :
. with:fulphurcous . and other cements 3 alfo with- Mercury, ~'-and:gqu'era!',;;ts,’pf‘sg;{* ;
- corrofive menftrua, : But thefe experiments I-fhall now. defer,” ‘until'I Nov. &e, 3
learn how the above is received,” > The experiments which { haye related 1750 Read 7,

P
il

~were feveral of them ‘made by a friend,  whofe exalne[s'in, performing D 13:3750

_ them, ; and:Veracity. inrelating ‘them;{ can rely. on;:--however, for, grqa»ﬁ;}&,;{a%g
. ter_certainty, 1 fhall myfelf repeat chem. <5ty o ol D F g S L Witk Brownalitrd
e g M, Do F: &S, 49, W Watlon, FR. 8. Datyd Whirehaven, Dec:'s, 1y50u3.

N R Skt T R SR T i e
-, 2.. Although. the hiftory of minerals, and other foffil {ubftances, hath Memoivs of 42555
been’ diligently cultivared, efpecially’ by the Moderns ;. yet it mutk be Sewi-meral'*, 5%
acknowledged, that, among. the vaft variety of  bodies'which,.are the g‘f{ﬁ.“' Ph;m;._:;;
. obje@s of that fcience; there flill: remains room, for. new inquisies,is iy, ,ﬁ?‘;’p{n;’&iz;
Weit S s S

e

-.~- No.wonder, that, among the great, ‘and almoft incxhaultible.variegies:
“of falts, ores, and;other concretes, ‘new Jappe: ,apccs,,g_,agd;mi;uges;gc,.,x_g{m,? 85
' fore unknown, fhould daily. be difcovered : but’ that,..among. badies of 5%t | 4
a more fimple nature, and pasticularly among  the: metalline, tribe,: fevesi>
ral diftinét fpecivs fhould fill' remain almoft wholly, unknown to. Naty ;ég‘i ;
“ralifts,” will doubtlefs. appear more ftrange and extraordinary. S an @ity

. Gold:is.ufually, efteemed the moft’ ponderous’ of .bodies'siand yet- B2 {
have feén,. in the poffeflion. of the’late Profufior s’"Gravefan ,’?f'ageu!;;iﬁg"; G

y “that was fpecifically hea-i 8183

line fubltaace, brought from the Baft-Iudies, that was Ipecifically’he
S i e U S

< da Rl SRy T (.g;e;!{,‘x‘ ¥ “@
Y NS £ frieifier b AT N X5 .#w o) Ui
A LE ’_;g.:’ﬂfa.. __-..Jf., a‘s_:‘r.;;f}'é:&gi‘ ‘&%ﬁ,@?’ﬁw ES '__ SR ¥k 4

L

In many chemistry books written in English, Sir William
Watson is considered the sole and exclusive discoverer of
platinum,
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ADSORPTION OF GASEOUS SUBSTANCES ON CHEMICAL AND
ELECTROLYTIC MANGANESE DIOXIDE

Jorge Nozaki * , Edivaldo Egea Garcia and Joji Suguita
Departamento de Quimica-Universidade Estadual de Maringé
87020-900 Maringd, PR., Brazil.

Fax:(044) 263-5116

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 Luffa 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 4 adsor¢do de merciirio, arsina e dos deidos cianidrico e sulfidrico sobre o didxido
de manganés amorfo preparado quimicamente (CMD) e o diéxido de manganés eletrolitico
(EMD) foi estudado. As varidveis investigadas foram: tempo de agilagdo e de contato, pH,
temperatura, massa do adsorvente e concentrag¢do do adsorvato. A reagdo obedece a isoterma de
adsorgdo de Freundlich no intervalo de concentra¢do estudado. Como substrato para a
produgdo do didxido de manganés utilizou-se aparas da bucha Luffa cylindrica Roem. Nos
estudos com substdncias gasosas, este material amorfo mostrou capacidade de adsor¢éo
superior ao dioxido de manganés eletrolitico.

(*) To whom correspondence should be addressed
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Adsorption of Gases on Manganese Dioxide

INTRODUCTION

There is a wide variety of manganese (['V) 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 investigated' .

X-ray studies showed that MnQ97 prepared by chemical reaction is amorphous with higher
porosity than the electrolytic manganese dioxide’ . Although progress has been made in the
characterization of MnO7 with respect to structure and electrochemical behavior, some aspects

remain unexplained. The reason why certain forms of MnO2, for instance, the y modification, are

highly reactive and may undergo electrochemical reduction at high rates, while other forms, for
instance, the B modification, are relatively inactive, are still not fully understood’.

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 Gadde* The adsorption process of gaseous pollutants has different mechanisms from
the aqueous phase, so that very little information is available for the mercury adsorption’ .

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 waters® .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 MnQ,-impregnated cartridges
connected in series®. 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 MnQO, plutonium(Ill) is oxidized to Pu(IV) and no higher
oxidation states were observed’ . 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 activity'® .

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 molI' KMnO, (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 mol.I" H,SO; 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 mf of 2 moLI' H,SO; 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
100 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
45m” 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) 10 ml of 12 mol.I"" HCI (Merck) and variable amounts of FeS ( ferrous sulfide-technical grade-
Aldrich).

B) 0.500 g of Manganese dioxide and pieces of glass wool.

C) 10,0 ml of As(III) solution (996 pug/ml), prepared from As,O; (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 al'' .

Hydrocyanic acid adsorption.The adsorption studies of hydrocyanic acid on MnO, was
performed using the following chemicals:

A) 10 ml of 6 moL.I"" HC! (Merck) + variable amounts of KCN ( Merck).

B) glass wool + 0.500 g of MnO,.

C) 10 ml of 0.25 mol.I' 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 2.

Arsine generation and adsorption. The adsorption of AsHj, generated by reduction of standard
As(II) solution with SnCl, and Zn (powder) in acidic medium, on CMD and EMD were studied
with the following chemicals:

A) 5 ml of 12 mol.l'! HCI + 5 ml of 0.01 molLI' KIO; (Aldrich) + 0.2 ml of 0.001 moLI” SnCl,
(Merck). After the initial reduction of As(IIl), 1.5 g of Zn (powder-Merck) were added into the
the flask to AsHj; generation.

B) 0.500 g MnO, + glass wool wetted in 1 moLI" lead acetate (Reagen).

C) 10 ml of 0.1 moL.I' TRIS (tris(hydroxymethyl)aminomethane-Sigma) + 0.5 ml of 0.002 mol.I"
AgNO; (Aldrich). The arsine after reaction with Ag', was determined by differential pulse
polarography using a solution of 0.1 molI' TRIS and HCI as supporting electrolyte™.

To the polarographic ceil 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™), pulse amplitude ( 50 mV.sec ), and sensibility of 0.2 pA.

Mercury adsorption. The conventional mercury purification and distillation apparatus was
modified for mercury adsorption on MnQ.. A 100 mm length and 10 mm of internal diameter PVC
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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 continucus operation. The mercury concentration, after washing the CMD with
nitric acid, was determined by cold vapor atomic absorption spectrometry (CVAAS) according to
the procedure of Akif et al'* , with the following conditions: Atomic absorption spectrometer (CG
AA 7000 ABC) and a mercury hollow cathode lamp as source, A = 253.7 nm. Carrier gas used
was pure nitrogen (White Martins). SnCl, (Merck) was used as 10% (m/v) solution ( 12.0 g of
SnCh. 2 HoO was weighed into a 100 mi flask, dissolved by 18 ml of diluted HCI (1:1), and
diluted to the mark with distilled water).

Mercuric ion adsorption.The adsorption of 7.4 pgml’' of Hg" solution, prepared from
Hg(NOs),-Aldrich, on MnO, was performed using 2 500 ml flask with a thermometer. A
mechanical mixer was used for agitation, and the system was immersed in a thermostatic bath.The
mercuric jon solution was transferred to the flask, the pH adjusted to 4.5, and the experiment
started when MnO, was added to the solution. In previous paper’® it was observed that EMD
particles were stronger than CMD in liquid solution. Due to these better physical characteristics
the adsorption studies of Hg®* were performed on EMD.

RESULTS AND DISCUSSION

Table 1 shows the (%) adsorption of H,S on CMD and EMD, based on the theoretical
mass of H»S generated. In this table, 100% adsorption means that no H,S reacted with the
standard solution of As™, keeping the original concentration of As* in flask C.The following
reactions are related to the adsorption of H,S indicated by (HaS)aas.

Flasks A). FeS (s) + 2HCI —» H,S(g) + Fe** + 2CI

B) H:S(g) + MnO:(s) — (HzS)ass/ MnO,

C) H,S (excess) + A" — AsS;(s)

Due to the high concentration of As* used (996 pg.ml™), the remaining As®" in flask C was
accordingly titrated with iodine, and the H,S sorbed on MnO, was calculated by the difference of
(HaS) in flasks A and C.

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

A)KCN + HCl - HCN(g) + KCl

B) HCN (g) + MnO; (s) » (HCN)ugs) /MnO;

C) HCN (g) (excess) + NaOH — NaCN + H,O

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)qs)

Table 3 shows the adsorption of arsine on MnO, and the following reactions could be
considered:
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Table 1.Percentage ( m/m ) of hydrogen sulfide adsorption on MnO, (*)

Adgorption of fases on Manganese Dioxide

theoretical
sample number | mass of FeS (g)| mass of H,S (%) 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
5 1.000 384 87 75

(*) % adsorption based on theoretical mass of H,S generated. Average of three
determinations with an estimated errorof £+ 6 % .

Table 2.Percentage (m/m) of HCN adsorption on MnO, (#)

sample number] theoretical mass (%) adsorption on
of HCN generated CMD EMD
(mg)
1 49 100 100
2 313 100 100
3 326 96 85

{(#) % adsorption based on the theoretical mass of HCN generated. Average of three

determinations with an estimated error of + 6 % .

Table 3.Percentage (m/m) of AsH; adsorption on MnQO, (*)

Sample number

1
2

theoretical mass of % adsorption on
AsH; generated (mg) CMD EMD
26 100 100
63 100 100
158 98 90

(*) % adsorption based on theoretical mass of AsHs generated. Average of five
determinations with an approximate error of 4 %.
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A).As” + 3Zn(s) + 6HCl(ag.) —> AsH; (g) + 3ZnCl + 3 H'
B). AsH; (g) + MnO; (s) = (AsH: Jaas)/MnO;
H:S (g) + Pb™ — PbS(s) +2H
C).6 Ag" + AsHi(g) — As” (aq) + 6Ag(s) + 3H'
AS" + 3e = As(s) E = - (.45 volts (polarographic cell)

As™(aq.) is an electroactive substance and its concentration was determined by differential
pulse polarography . The lead acetate used in (B) was to prevent MnQO, from sulphide
contamination”. 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 (1) <> Hg (g}
A) Hg(g) + MnO; (s) > (Hg) (a0s)/MnO2
(Hg) sy Mn0; + diluted HNO; — Hg(D) + H;O" + NO5” + MnO; (s)

The concentration of Hg(l) was determined by CVAAS. The mercuric ion adsorption on
MnO:, represented by (Hg“ )ads) Was performed with the following reactions:
Hg" (ag.) (pH=4.5) +MnO; (5) — (Hg"" Jass)/MnO,

(Hg™)atsy MnO, + diluted HNO; — Hg™(aq.) + H;O" + NOs + MnO; (s)
Hg® (aq) + SnCl, — Hg) + Sa** + 2CrI

The concentration of mercury was also determined by CVAAS. Figure 3 shows the
dependence of shaking and contact time for Hg®* 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 MnQ,, 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 of EMD 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 H,S , HCN , AsH;, 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 Hg** on MnO, changes the pH quickly. Starting at 4.5, the pH increases to
6.5 after 30 minutes of adsorption.
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ABSTRACT

‘ The binuclear copper(Il) complexes Cux(L-4H}(H:0j2 (L = N,N'-bis

(carboxymethyl) dithiooxamide - GlyDTO and N,N'-bis(1-carboxyethyl) dithiooxamide
- AlaDTO) and Cuy(L'-2H)Clz (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, O - coordination to the copper(Il) ion.

RESUMO

Os complexos binucleares de cobre (II) Cu,(L-4H)(H 0)2
(L= N,N'-bis(carboximetil) diticoxamida ~GZyDT5 e N,N'—gis
(1-carboxietil) ditioomamida - AlaDTO e Cu (L'-2H)CL, (L' =
éster de metila ou etila de L) foram sintebizados. Aestrutura
dos complexos foi estudada usando téenicas de espectroscopia
eletronica, no infravermelho e de ressonancia de spin do eletron.
0s resultados obtidos no infravermelho indicam que os ligantes
sao big-tridentados, com coordenagdo do N,5 e O com o Zon
de Cu(II).

KEYWORDS: ethanedithioamides, copper(II) complexes, ESR spectroscopy, square
planar complexes.
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INTRODUCTION

In the last years, O. Kahn and coworkers have described several copper(Il)
binuclear complexes with N,N' - dithiooxamides derived from aminoacids, peptides and
esters of aminoacids or peptides!.2. Recently, the synthesis, crystal structure and
magnetic properties of binuclear copper(Il) 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,

NN' - 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 c¢is configurations,

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

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

| 1.

R 8 S R
R=R'=H, N,N' - bis (carboxymethyl)ethanedithioamide {L; - GlyDTO)
R =CHj3; R' = H, N,N' - bis {1-carboxyethylethanedithioamide (L, - AlaDTO)
R =H; R' = CH3, N,N' - bis (methoxycarbonylmethyl)ethanedithioamide (L3 - GlyOMeDTO)
R =R'=CHj, N,N' - bis (1-methoxycarbonylethyljethanedithioamide (L4 - AlaOMeDTO)
R =H; R' = CH-CH3, N,N' - bis (ethoxycarbenylmethyl)ethanedithioamide (Ls - GlyOEtDTO)
R=CHs; R'= CH-CHj3, N,N' - bis (1-ethoxycarbonylethyl)ethanedithioamide (Lg - AlROE(DTO).

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 - Lg were prepared according to literature methods2,10.

Preparation of the complexes. The complexes Cup(L - 4H)(H20)2 type were prepared by
adding 0,236 g (1 mmole) of L (or 0.264 g, 1 mmole of L2) to a solution of 0.5 g (2
mmole) of CuSO4-5H20 in 10 mi 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
Cuz(L' - ZH)Cl2 type were prepared by adding 0.264 g (1 mmole) of L3 (or 0.292 g, 1
mmole of L4 and Ls or 0.320 g, Immole of Le) to a solution of 0.270 g (2 mmoles) of
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CuCls 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
1.1108 automatic analyzer (C, H). Copper contents of the complexes were determined by
a conventional method!l. IR spectra were recorded on a FT-IR BIORAD FTS
spectrophotometer in the 4000 - 500 cm-1 and on a SPECORD MBS0 Carl Zeiss Jena
spectrophotometer in the 500 - 250 cm-1, in KBr pellets. The electronic spectra of
complexes with ligands L1 and L, 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 L3 - Lg were studied with a SHIMADZU UV 160A
spectrophotometer, using DMF solutions. The ESR spectra of copper(Il) complexes were
recorded on polycrystalline powders at room temperature with a ART-5 spectrometer
operating in the X-band at 100 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) complexes!2. The analytical results and
conductivity values for the complexes are given in Table 1. 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-1. The complexes may be regarded as essentially
nonelectrolytes.

Selected IR spectral data are summarized in Table 2. Figures 1 and 2 shows the
spectra of Li ligand and Cup(Li-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(COz) vibrationl, at
1712 cm-1 and 1715 cm-! respectively, as can be seen in Figures 1 and 2. The frequency
at ~3200 cm-1 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-1 respectively. The same vibration is found in the spectra
of all complexes at a higher frequency (1582, 1574, 1579, 1556, 1580 and 1553 cm-1
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 em-1 for ligands, assigned to the W(CS)
vibration is shifted to 834 - 874 cm-1 for complexes. The frequency decrease can be
explained by the lesser double bond character of carbon - sulphur bond upon
complexationi4. In the infrared spectra, below 500 cm-1, 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 meodes. The assignments of the new far infrared bands to v(CuO)
{340 - 352 cm-1), v(CuS) (325 - 335 cm-1) and v(CuN) (260 - 290 cm-1) are in agreement
with literature datal3,15,16,
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Table 1. Elementary analysis and melar conductivities of the complexes.

Complex Colour %C %oH %Cu A
exp. cale,  exp. cale.  exp. calc.  (ohml-em2mold)
Cua(Li- 4H)(H20); dark-green 17.89 18.18 2.40  2.02 3198 3232 *
Cuy(Ly - 4H)(H20); dark-green 22.17 22.64 298 283 3004 30.18 *
Cuy(Ls - 2HYCly brown 2063 2082 243 2.16 27.56 27.76 10.85
Cuz(Ly - 2H)Cly brown 2432 2453 297 2.82 2605 2617 10.49
Cuy(Ls - 2ZHNCl brown 2427 2453 293 282 2598 26.17 538
Cuy(Ls - 2ZH)Ch brown 2756 2785 3.65 348 2436 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) (CO2) (CSN)

Li 3237 1712 1516 895
Cup(Li- 4H)Y(H20), - - 1582 869

La 3224 1715 1495 886
Cuz(Lz - 4H)(H20)2 - - 1574 834

L3 3225 1734 1517 889
Cup(L3 - 2H)Cl» - 1656 1579 864

L4 3177 1737 1532 845
Cup(L4 - 2ZH)Cly - 1664 1556 836

Ls 3229 1731 1519 899
Cuz(Ls - 2H)Ciz - 1647 1580 874

Ls 3193 1735 1526 863
Cuz(Ls - 2H)Cly - 1667 1553 859
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Table 3. Electronic spectra of the complexes (Amax in nm).

Complex Assignments
T — ¥ o(S) — Cu(l) CT d-d

Cuz(L;- 4H)(H20)2 333 440 606
Cug(Lz - 4H)(H20)2 327 468 634
Cuz(L3 - 2ZH)Cly 348 488 615
Cuy(L4 - 2H)Ch 320 485 630
Cuy(Ls - 2H)Cly 342 478 620
Cuz(Ls - 2H)Cl2 332 472 638

Table 4, ESR data for the copper(If) complexes.

Complex g1 g & g g S
Cuz(L1- 4H)Y(H20)2 2.18
Cua(L2 - 4H)(H20)2 2.18
Cup(L3 - 2H)Cl2 2.27 2.14
Cug(L4 - 2H)Clo 2.16
Cuz(Ls - 2H)Clp 2.11

Cua(Lg - 2H)Ch 2.40 2.15 1.87
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The assignments of the absorption bands from the electronic spectra of the
complexes are reported in Table 3. The UV - VIS spectrum of the Cup(L1-4H)(H20),
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 o(S) —
dx2.y2 (Cu(Il)) ligand — metal charge transfer transition2.17. This S (thicamide) —>
copper(ll) 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 a d - d transition.. For Cuz(L-4H)(H20)2
complexes the wavelength of the d- d bands are fairly typical of square - planar
stereochemistry with the CaSNO; cromophore2. The d - d bands observed in the spectra
of Cup(L-2H)Cl, complexes seem to indicate a square - planar symmetry around the
Cu(1l) ionl7.

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 Cup(L-4H)(H20)2
complexes exhibit an almost symmetrical signal. The g values are in agreement with
literature data for similar complexesl. The g values of Cua(L'-2H)Cl2 complexes are
similar with literature data for other N,N' - disubstituted dithicoxamide complexes?8. No
AMs = 2 signal is detected, probably because of the very weak magnitude of the zero
field splittingl. Considering the g values, a predominant dx2.,2 ground state is
indicated18. 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
valuel9,
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DIFFERENTIAL PULSE POLAROGRAPHIC
DETERMINATION OF ARSENIC IN BITUMINOUS COAL

Eurica, M. Nogami; Gracinda, M. Délmeida and Jorge Nozaki (*)
(*) Departamento de Quimica , Universidade Estadual de Maringé
87020-900 Maring4, 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 As’ using an absorbing
solution of 0.1 mol.L”' [ tris( hydroximethyl) aminomethane] ( TRIS ) and 0.002 mol.L’
silver nitrate. A solution of TRIS and hydrochloric acid, pH ~ 1, was used as supporting
electrolyte for differential pulse polarographic determination of As’" in the concentration
range 0.05 - 0.60 pg/mL. The average arsenic concentration found was 69.0 +2.6 mg.kg”
and was in agreement with the spectrophotometric method wusing silver-
diethyldithiocarbamate-pyridine.

RESUMO. O teor de arsénio em carvdo betuminoso de Figueiras, Estado do Parand,
Brasil, foi determinado por polarografia de puiso diferencial. Apés a secagem o carvdo foi
triturado a ~ 100 mesh, calcinado e, a seguir, tratado com agentes redutores em meio
dcido. A arsina foi coletada e seletivamente oxidada a As' utilizando como solugdo
absorvedora o TRIS [ tris( hidroximetil)aminometano] 0,1 mol.L”" e nitrato de prata
0,002 mol. L™ .Uma solugdio de TRIS e dcido cloridrico, pH ~1, foi utilizada como eletrdlito
suporte na determinagéio de As’" por polarografia de pulso diferencial, no intervalo de
concentrages de 0,05 a 0,60 ug.mL’. A concentragdo média do arsénio encontrado foi de
69,0 + 2,6 mgkg'  concordando com o método clissico espectrofotométrico 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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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 '. 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 .

Arsenic is also present in coal, 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 **,

Coal produces up to 30 % of its weight as fly ash after combustion, and increased
coal usage presents problems regarding the disposal of this material’. Arsenic concentrations
in groundwater are usually below 5 pg.L"' , but geochemical mobilization, contaminated
soils in industrial regions and the use of arsenic pesticides lead locally to enhanced
concentrations 7%, In natural waters the speciation and distribution of dissolved arsenic are
mfluenced by the differential scavenging of As(Ill) and As(V) by iron and manganese
oxides™®. Generally, adsorption of arsenite is relatively lower as compared to arsenate
ions’. This paper presents a novel procedure for arsine generation and determination of
As(11I) 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” ), pulse amplitude (50 mV.sec™),
sensitivity of 0.2 uA, and mercury dropping time of 2 sec were employed.
Spectrophotometric determination of As:DDTC: pyridinium complex'' 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;
tristhydroxymethyl)aminomethane, 99 % - TRIS, Sigma, and standard reference of
bituminous coal ( 3.72 mg.kg™"), 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(l)
chloride; antimony(III} oxide, 99%; tin(II) chloride, 98%; Arsenic free granulated zinc ,100
mesh; silver nitrate, 99%; potassium iodide, 99%; arsenic(IIl) oxide, 99%;
diethyldithiocarbamic 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, Parand, Brazil. Figueiras has
one of the most important deposits of bituminous coal in Parana State, mainly because of its
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uranium content (see Table 1).Dried coal samples were ground to ~ 100 mesh and 3.00 ¢
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 1. Five mL of concentrated HCI , 5.0
mL (0.1 mol.L™") KI, 0.50 mL (1.0 molL™") SnCl, , and 1.50 g of granulated Zn were also
added to the same flask'' . After conecting the flasks A and B, the arsine generated in flask
A was absorbed in flask C with a solution of 0.020 M AgNO; and 0.10 M TRIS , at pH
6.2 . The absorbed arsine was then selectively oxidized to As®™ in this medium. The glass
wool and lead acetate in flask B were used for sulfide hydrogen absorption.

Differential pulse polarographic determination of As>

An acidic solution , pH ~ 1, of 0.10 moV/L. TRIS-HC! was employed as
supporting electrolyte for DPP measurements at the dropping mercury electrode. An aliquot
of 1.00 mL of standard solution of As"™ prepared from As;O; was added to the
polarographic cell containing 2 mL of pure mercury, and 10.0 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 pg(As).mL’ as measured from standard curves.

Two different methods of standard addition were used for arsenic determination
in bituminous coal. 1) Addition of known concentration of As™ 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 As®* . This polarogram was compared
with the polarogram of the sample added to the polarographic cell, without addition of
standard solution of As’* for arsine generation . 2) A polarogram with a known
concentration of As® 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
(3.72mg ( As ).kg" ) 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 diethyldithiocarbamate (AgDDTC)-pyridine
was also used for comparative purposes''. Interference studies of substances that also form
volatile hydrides were performed after addition of 10ug.ml” of each solution to flask (A)
before arsine generation.

RESULTS AND DISCUSSION

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

The following reactions probably occur in flasks A (arsine generation''), B( selective
oxidation to As’*), and the polarographic cell respectively:

As05(s) + 10H" + 4e = 2As™ + 5H,0

As™ + 37Zn(s) + 6 HCl(aq.) = AsHi(g) + 3ZnCh + 3 H' (A)
6Ag" + AsHy(g) = As(aq) + 6Ag(s) + 3H' (B)
As**(aq.) + 3e = As(s) E,= -0.45 volts ( polarographic cell )
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Table 1. Coal Reserves in Parana State'

District coal ( tonne - in situ ) % of total
Ortigueira 2,227,000 2.9
Figueiras 31,200,000 40.4
Telemaco Borba 1,800,000 2.3
Sapopema 42,000,000 544
Total 77,277,000 100
A=125 ml flask
= glass woul impregnated
™ ?ﬂﬂl leaduamtgteg
C = solution of TRIS and
silver nitrate

Figure 1. Apparatus used for arsine generation
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Figure 2. Differential ‘pulse polarography (DPP) of A3* in TRIS-HCL
as supporting electrolyte.

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

Samples spectrophotometry ( mg.kg") DPP (mgkg")
I 68.77 6726
2 64.78 66.89
3 69.49 73.00
4 65.03 67.81
5 71.04 72.77
6 64.54 69.14
7 69.18 | 70.16
8 72.24 72.64
Average 68.06 + 2.99 69.96 + 2,57

Spectrophotometric conditions: A = 540 nm; range of As™ concentration 0.5 - 3.0 pg/mL
(*) Average of 5 determinations.

DPP = Differential Pulse Polarography.
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The I, observed at - 0.45 volts was proportional to As’® concentration. No
interferences were observed with tellurium (I'V) , thallium (III), germanium(IV), antimony
(II1) , and selenium(I). Table 1 summarizes some important coal deposits in Parana State,
Brazil. Figueiras is the most important reserve because of its uranium content'” . 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(lIl) was almost complete and no
systematic error was observed. The resuits were in agreement with the spectrophotometric
method using silver diethyldithiocarbamate-pyridine solution.
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ABSTRACT

Starting from 2-@-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 § 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

_Comegando com 2-w- bromoacetilfenoxatiina e usando a
reagao de Kornblum, o gliowxal correspondente 2 foi sinteti-
zado. Este foi usado para a sintese dos derivados da nomoxzima
3, dioxima 4 e do quinoxalinil 5. 0 hidrobrometo de 4-(2-fenoxa-
tttntl) S~aminotiazol 7 foi obtzdo atrqvés de tratamento com
uréia. Alguns sais novos de amonzo e fosfonio tambem foram
preparados. Dados espectrais e quimicos que comprovam a
estrutura dos compostos noves sintetizados sao apresentados.

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

The present paper describes the synthesis of some new products based
on 2-@-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. '

'H- and C-NMR spectra were recorded on a Varian Gemini 300
spectrometer using CDCl;, DMSO-dg 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 (A=254 nm), iodine and sulfuric acid spray.

2-0—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 2-0-
bromoacetylphenoxathiin, the literature indicates the following melting
points: 134'°, 128-131"2, 144-145"".

2-Phenoxathiinvlglvoxal hydrate (2):
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A mixture of 3 g (0.009 mole) 2-o-bromoacetylphenoxathiin and
17.5mL dimethy! 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°[lit"* m.p.=130-132°]. TLC: R£=0.77
(chloroform-methanol 4.5 : 0.5 v/v; detection: sulfuric acid spray - spot
violet-red). IR(cm™ ): 3400(large bands characteristic to aldehyde hydrate),
1690 (CO), 830(72{3}{), 742(’}’4(;{{), IH"NNIR(DMSO*CI& Sppm) 792(d,1H,H—
1), 7.91(dd,1H,H-3), 7.26(m,lH,H-9), 7.24(m,I1H,H-7), 7.20(d,1HH-4),
7.12(td,1H,H-8), 7.10(dd,1H,H-6), 6.83(d,2H,OH), 5.61(t,1H,CH(OH),);
BC-NMR (DMSO-ds, Sppm): 194.22(CO), 154.59(C-4a), 150.36(C-5a),
130.42(C-2), 130.11(C-1), 128.53 (C-7), 128.39(C-3), 127.04(C-9),
125.59(C-8), 119.12 (C-10a), 118.12 (C-9a), 117.82(C-6), 117.63(C-4),
89.57(CH(OH),).

2-Phenoxathiinylelyoxal 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); 'H-
NMR(DMSO-ds,0ppm): 12.73(s, 1H, NOH), 8.01(s, 1H, CH), 7.87(d, 1H,
H-1), 7.84(dd, 1H, H-3), 7.27(m, 1H, H-9), 7.25(m, 1H, H-7), 7.20(d, 1H,
H-4), 7.13(td, 1H, H-8), 7.11(dd, 1H, H-6); "C-NMR(DMSO-d¢, Sppm):
186.56(CO), 154.62(C-4a), 150.28(C-6a), 147.61(CH=NOH), 132.74(C-2),
130.31(C-1), 128.61(C-3), 128.56(C-9), 127.05(C-7), 125.62(C-8),
119.22(C-10a), 117.99(C-9a), 117.83(C-6), 117.58(C-4).

Anal. caled. for C;4H9NO3S: S, 12.46 s Found: S, 12.13.

2-Phenoxathiinvlelvoxal dioxime (4):

To a mixture of 1 g (0.0036 mole) of 2-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 1.03g (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’
": 3200-3300, 1450 (OH), 1615 and 950 (C=NOH), 830(yacn), 742 (Yacn);
'H-NMR (DMSO-dg, Sppm): 11.99 and 11.98 (s, 2H, NOH), 7.85 and
8.44(s,1H,-CH=N-), 7.43(d,1H . H-1), 7.41(dd,1HH-3), 7.26(m,1HH-9),
7.23(m,1H,H-7), 7.12(m,1H,H-8), 7.11(d,1H,H-4), 7.10(m,1H,H-6); Be-
NMR(DMSO-dg, Sppm): 140.39 and 147.44(-CH=N-), 151.54(C-4a),
150.99(C-52a), 149.44(>C=NOH), 130.81(C-2), 128.44(C-1), 128.38(C-7),
127(C-9), 126.81(C-3), 125.22(C-8), 118.64(C-10a), 118.64(C-9a),
117.73(C-4), 117.20(C-6). MS: 286(M").
Anal. caled. for Cy4H;oIN,O53S: S,11.20; Found S, 10.92.

2-(2’-Quinoxalinyhphenoxathiin (8):

A: According to the literature indications'’, from 0.85g (0.026 mole)
of 2-w-bromoacetylphenoxathiin, 0.866g (99.7%) crystals with m.p.=173-
175°, were obtained.

B: o-Phenylendiamine (0.21g, 0.0018 mole) was added to a solution
of 2-phenoxathiinylglyoxal(0.51g, 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° [1it'" 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(em™): 1610(C=N); 1245(C-O-C); 825(Y2cn); 750(Yact).

Anal. caled. for CooHoN,0S: S, 9.76 ; Found S, 9.49.

2-Phenoxatiinylcarbonylmethyl acetate (6):

To a mixture of 0.46 mL (0.48g, 0.008 mole,d=1.049) acetic acid, 10
ml dimethylformamide and ImL (0.73 g.0.007 mole, d=0.726)
triethylamine, 1.6 g (0.005 mole) of 2-w-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™): 1750(CO); 1690(COY; 1220(C-0O-C); 825(yack); 765(vacu); 'H-
NMR(CDCls, dppm): 7.63(s, 1H, H-1), 7.61(d, 1H, H-3), 6.94-7.13(m, 5H,
H-4 -H-8), 5.23(s, 2H, CH,), 2.21(s, 3H, CH;); PC-NMR(CDCl;, Sppm):
190.03(CO), 170.23(COOCH3), 155.84(C-4a), 150.63(C-5a), 130.56(C-2),
127.94(C-1), 127.68(C-3), 126.62(C-9), 126.48(C-7), 125.11(C-8),
120.81(C-10a), 118.32(C-9a), 117.72(C-6), 117.72(C-4), 65.58(CH,),
20.43(CH;),

Anal. calcd. for C16H1204S; 8,1067, Found S, 10.45.

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

To 0.5 g (0.0015 mole) of 2-w-bromoacetylphenoxathiin in 20 mL
isopropanol, 0.25 g (0.0032 mole) of thioyrea 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-
177°. TLC: Rf=0.14 (petroleum ether : ethyl ether : methylene chloride ;
ethyl acetate 7.5 : 1: 2 : 1 v/v/v/v, detection : sulfuric acid spray- spot light
violet); IR(em™):3425, 3365, 3275, 1620 (NH,), 1435,1465 (thiazole
nucleus), 830(yacu), 745(v4cn); H-NMR(DMSO-dg, ppm); 7.63(d,1H,H-1),
7.60(dd, 1HH-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, 1HthiazoleH-5), 7.00(s,2H,NH,); “C-NMR (DMSO-dq,
Sppm):168.25( thiazole C-2), 151.13(C-5a), 150.14(C-4a),
148.17(thiazoleC-4), 132.02(C-2), 128.29(C-9), 127.00(C-1), 125.33(C-7),
125.06(C-3), 123.69(C-8), 119.09(C-10a), 118.81(C-9a), 117.71(C-6),
117.71(C-4), 101.55(thiazoleC-5); MS: 298(M");
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Anal. caled. for C;sH;oN,OS;: §,21.49; Found S, 21.73.

3-(2-Phenoxathiinylcarbonylmethyl)-5-(2-hydroxyethyl}-4-
methylthiazolium bromide (9):

To a solution of 0.5 g (0.0015 mole) of 2-w-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™): 3465, 3310 (NH,), 1472, 1440(thiazole nucleus), 840(yxcy),
760(yacr); 'H-NMR(DMSO-ds, Sppm): 10.15(s, 1H, thiazole H-2); 7.83(m,
2H, H-1;H-3), 7.06(m, 5H, H4;H-6 - H-9), 6.33(s, 2H, COCH,), 3-3.6(m,
4H, CH,CH,), 2.25(s, 3H, CH;);

Anal. caled. for C,0HsBrNO;S,: S, 13.8; Found S, 14.02.

1-{2-PhenoxathiinvicarbonylmethyDhexamethylentetraminiu bromide

(10):

The quaternisation reaction was done by the method used for the
synthesis of triethylammonium salt *, 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(em™): 1685(CO); 1400(CH,-N<); 1235(C-0-C); 832(Y2ch);
765(Yacn)-

Anal. calcd. for CyoH, BtN4O,S: S, 6.94; Found S, 7.25.

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

A mixture of 3 g (0.0065 mole) of 10, 5 mL conc. 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™): 1400(CHy-N<), 1250(C-0-C), 818(yacn);
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770(vacy); 'H-NMR(DMSO-dg, Sppm): 7.90(d, 1H, H-1), 7.85(dd, 1H, H-3),
7.24-729(m, 3H, H-4;H-7;H-9), 7.12-7.17(m, 2H, H-6;H-8), 4.55(s, 2H,
CH,), 4.01(s, 3H, "NH;); “C-NMR(DMSO-ds, 8 ppm): 182.73(CO),
147.5(C-4a), 142.18(C-5a), 122.51(C-2), 120.79(C-1), 120.58(C-3),
119.32(C-9), 118.9(C-7), 117.7(C-8), 112.4(C-10a), 109.9(C-9a), 109.8(C-
6), 109.8(C-4), 38.86(CH,).

Anal. caled. for C4H;,CINO,S: S, 10.91; Found : S, 11.17.

1-(2-Phenoxathiinylcarbonylmethyltriphenylphosphonium _bromide
(12):

To a solution of 025 g (0.0007 mole) of 2-w-
bromoacetylphenoxathiin in 10 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 ¢
(79.5%) of the compound 13, were obtained. m.p.=279-281°-TLC: Rf=0.67
(butanol-acetic acid: water 4:1:1-v/v/v; detection sulfuric acid spray - spot
violet intense); IR(cm™): 3010-3050 (phenyl), 2853, 2910(CH,), 1660(CO),
1240(C-O-C), 822(yacw), 750(acn); "H-NMR(DMSO-ds, & ppm): 7.8-7.9
(m,2H,H-1;H-3), 7.43-7.7(m, 8H, H-4;H-7;H-9 and phenyl), 6.94-7.05(m,
2H, H-6;H-8), 5.73 and 6.11(s, 2H, CH,).

Anal. calcd. for C3,Hy4BrPO,S: S, 5.49; Found : S, 5.82.

RESULTS AND DISCUSSION

Through bromination in acid medium, 2-acetylphenoxathiin forms the
corresponding brominated derivative 1'%, 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 literature' 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 1).

B.y usin.g 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-w-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-w-bromoacetylphenoxathiin with o-
phenylendiamine is also described in the literature '°, 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 paper'® , contained traces of 3-acetylphenoxathiin. The presence of this
isomer in the 2-acetylphenoxathiin synthesis was recently confirmed'*.

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

The article'® 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'>
'8 the obtaining of such a compound was followed also in the case of 2-o-
bromoacetylphenoxathiin.

Thus by treatment of the brominated derivative 1 with acetic acid in
the presence of triethylamine 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 germs' . Taking into consideration all
these factors, these researches was extensioned for the compounds obtained
through the quaternisation reaction of 2-w-bromoacetylphenoxathiin.

The products which were synthesized are indicated in scheme 2. The
reaction between 2-w-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-o-bromoacetylphenoxathiin and  hexamethylenetetramine,
compound 10 beeing thus synthesized. Reaction of triphenylphosphine with
2-w-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’! (Yacn)s
810-815 cm™ (yacu), 1070-1090 cm™” (ve.s) and 1210-1240 cm™ (Veo-0)
are characterized. All these values are according to the literature data 2 .
In the 1405-1580 cm™ 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™, 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'l, which characterized the vy vibration, confirms the oxime structure.

For compound 6, the v at 1740 cm™ vibration, assigned to the acetoxy
group is characteristic.

For compounds 7-9 characteristic bands of the thiazole nucleus (1435-
1465 cm’™) and vy 3275, 3425 cm™ appear; for the ammonium salts 10-11
the absorption appear at 1400 cm’™.

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

The 'H- and PC-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 ',

Analyzing the 'H-NMR spectra for the substances which were
synthesized, we found out that the chemical shifts of H, and H; 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 Hy 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 6=4.86-6.33 ppm. For compound
12, because of the three big volumes of the phenyl groups the both
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methylenic protons are no longer equivalent giving signals as singlet at
§=5.73 and 6.11 ppm, while the molecule adopts a rigid conformation.

In the '"H-NMR spectrum of the compound 8 the signal at =7.00 ppm
is assigned to the two protons from the amino group. This signal disappears
when the spectrum is recorded in the presence of D,0O.

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 A5=0.5 ppm.

The multiplicity of the signals shows a cis-coupling J3,=8.0-9.1 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 H; as a doublet of
doublets in which the couplings with H-4 and H-1 are found again. The H-4
proton appears at =7.1-7.2 ppm as a doublet with J43=8.0-9.1 Hz. When the
ketone 3 turns into oxime 4, the value of this coupling decrease
approximately 1Hz.

The protons H-6 - H-9 from the unsubstituted ring appear in the 6=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 made®™..

The proton of the aldehyde group from the glyoxal hydrate 2 appears
as a triplet at 6=5.61 ppm with a 7.0 Hz coupling with hydroxyl groups
(evinced through the deuteration).

The 'H- and >C-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 (§ ppm) appear: 11.87 , 11.56 (NOH); 7.85 (CH=N) and
12.00, 11.99 (NOH) ; 8.44 (CH=N).

The "C-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 described™ %, 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-w-bromoacetylphenoxathiin were |
synthesised and characterised through mass, IR, NMR (‘H- and BC- 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-w-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-w-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 ('H- and C-NMR, IR,
MS).

RESUMO

O composto 2-w-bromoacetilfenoxatiinil~10,10- dzooxzdo 2
foi obtido a partir de 2-acetilfenoxatiina. Usando a reagao de
Kornblum, o gZzova correspondente 4 foi sintetizade. 4 partir
do composto 2 foram obtidos o aminotiazol 3 e a diecetona 7.

A sintese da dicetona 9 foi obtida reagzndm2*mbbromoacet17feno~
zatiina 9 com acetilacetonato de sédiec. O eomposto 8 foi
convertido para a pirolofenoxatiina ll e a l,4-dicetona 7. 4s
aminocetonas 12 e 13 foram obtidas a partﬁr do derivado

bromado 8 Os novos compostos foram earaeterzzados usando
métodos espectroscépicos (ressondneia magnética nuclear de Iy, e
L3¢, infravermelho e espectrometriq de massa) .

KEYWORD: Phenoxathiin, 1,4-Diketones, Oximes, o-Bromo-
ketones




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

Carbonyl Derivatives of Phenoxathiin
48

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.'H- and *C-NMR spectra were recorded on a Varian Gemini 300
spectrometer using CDCl;, DMSO-dg 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-w-bromoacetylphenoxa-
thiin 8 were obtained according to references [18] and [19] respectively.

2-w-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: Rf 0.72 (chloroform : methanol-
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4.5 : 0.5- v/v ; Detection iodine vapors); IR{cm™): 1700(vCO); 1285, 1140,
560(S0,); 1210(vC-0-C); 860(y2CH); 755(y4CH) (phenoxathiin nucleus).
'H-NMR(DMSO-dg, Sppm): 8.61(s, 1H, H-1); 8.35(d, 1H, H-3); 8.11(d,1H,
H-9) ; 7.85(t, 1H, H-7); 7.74(d, 1H, H-4); 7.63(d, 1H, H-6); 7.58(t, 1H, H-8)
5.05(s, 2H, CH,); BPC-NMR(DMSO-4; Sppm): 189.58(CO); 154.02(C-4a);
150.50(C-5a); 135.45(C-3); 134.80(C-7); 130.96(C-2); 126.25(C-1);
124.72(C-8); 124.72(C-10a); 124.34(C-9a); 123.14(C-9); 120.16(C-4);
119.35(C-6); 33.9(CH,).
Anal. Caled. for C14HoBrO,S: S, 9.12; Found: S, 9.26.

4-(2-Phenoxathiinyl-10.10-dioxide)-2-aminothiazole (3):

A mixture of 0.5 g (0.0014 mole) 2-w- bromoacetylphenoxathiin-
10,10-dioxide, 0.15 g ( 0.0019 mole) thiourea and 30 mlL 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%) of 3 with m.p. 294-296°. TLC: Rf 0.09 (petroleum
ether : ethyl ether : dichloromethane : ethyl acetate - 7.5 : 1 : 2 : 1 - v/v/v/v,
Detection: iodine vapors). IR (cm™): 3425, 3375, 3280 (VNH, ); 1623, 1470,
1430 (thiazole nucleus); 1280, 1150, 560(SO,); 1230(vC-0-C); 832(y2CH);
748(y4CH) (phenoxathiin nucleus); 'H-NMR(DMSO-dg; Sppm):8.41(d, 1H,
H-1); 8.20(dd, 1H, H-3); 8.08(d, 1H, H-9); 7.82(t, 1H, H-7); 7.60(d, 1H, H-
4); 7.59(d, 1H, H-6); 7.54(t, 1H, H-8); 7.28(s, 1H, CH-thiazole); 7.20(s, 2H,
NH,); “C-NMR(DMSO-dg; dppm): 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); 119.47(C-9);
119.13(C-6); 119.13(C-4); 103.28(thiazole C-5); MS: m/z 330 (M, 100%)).

Anal. Caled. for CysH;oN,S,0;: S, 19.41; Found: S,19.75.

2-(2-Phenoxathiinyl-10,10-dioxide)-glvoxal hydrate (4):

A solution of 5 g ( 0.014 mole) 2-@- 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
compound 4.
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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™): 3400(vOH); 1700(vCO};
1300, 1160, 555(SO,); 1275(vC-O-C); 815(y2CH);  755(y4CH)
(phenoxathiin nucleus)). 'H-NMR(DMSO-dg, Sppm): 8.72(s, 1H, H-1);
8.38(d, 1H, H-3); 8.09(d, 1H, H-9); 7.83(t, 1H, H-7); 7.71(d, 1H, H-4);
7.63(d, 1H, H-6); 7.57(t, 1H, H-8); 7.40 (d, 2H, OH); 5.48 (t, 1H, CH); "C-
NMR (DMSO-dg, Sppm): 192.15(CO); 154.00(C-4a); 150.76(C-5a);
135.51(C-7); 135.51(C-3); 130.30(C-2); 126.30(C-8); 125.51(C-1);
124.56(C-10a); 124.52(C-9a); 123.24(C-9); 119.91(C-4); 119.46(C-6),
96.15 (CH(OH),).

Anal. Caled. for C4H006S: S, 10.46; Found: S, 10.58

2-(2-Phenoxathiinyl-10,10-dioxide)glvoxal monoxime (5):

To 1.1 g (0.0036 mole) of 2-(2-phenoxathiinyl-10,10-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
S was 0.9 g (82.6 %) with m.p. 165-166°. After four recrystallization from
ethanol m.p.186-187° (des.). TLC: Rf 0.69 (chloroform : methanol - 4.5 : 0.5
- v/v; Detection: iodine vapors); IR(cm™): 1640(vCO); 1230(vC-O-C);
1290, 1155, 515(S0,); 860(y2CH); 755(y4CH) (phenoxathiin nucleus). 'H-
NMR(DMSO-dg; Sppm): 8.70(d, 1H, H-1); 8.32(dd, 1H, H-3); 8.09(dd, 1H,
H-9); 8.00(s, 1H, CH); 7.85(m, 1H, H-7); 7.71(d, 1H, H-4); 7.62(dd, 1H, H-
6); 7.60(m, 1H, H-8); “C-NMR(DMSO-dg; Sppm): 186.10(CO); 153.53(C-
4a);  150.45(C-5a); 148.19(CH=NOH); 135.50(C-3); 135.33(C-7),
132.50(C-2); 126.11(C-8); 125.61(C-1); 124.20(C-10a); 124.06(C-9a);
123.05(C-9); 119.64(C-4); 119.28(C-6).

Anal. Calcd. for C,;HoOsNS: S, 10.57 ; Found: S, 10.61

2-(2-Phenoxathiinyl-10.10-dioxide)glyoxal dioxime (6):

To 1.1 g (0.0036 mole) of 2-(2-phenoxathiinyl-10,10-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-
205°.

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™): 1590(vC=NOH),
1225(vC-0-C); 1280,1155,520(S0O5); 870(y2CH); 720(y4CH) (phenoxathiin
nucleus); 'H-NMR(DMSO-dg; Sppm): 11.99 and 11.98 (s, 2H, NOH);
8.25(d, 1H, H-1); 8.09(dd, 1H, H-9); 8.04(dd, 1H, H-3); 7.94(s, 1H, CH);
7.86(m, 1H, H-7); 7.66(d, 1H, H-4); 7.64 (dd, 1H, H-6); 7.56(m, 1H, H-8),
BC-NMR (DMSO-dg; Sppm):  150.77(C-4a); 150.65(C-5a); 148.60
(C=NOH); 147.42 (CH=NOH); 135.21(C-7); 136.00(C-3); 131.10(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: m/z 318(M’, 25%).

Anal. Caled. for Cy4Ho(N2OsS: S, 10.07 ; Found: S, 10.12.

2-[2-(Phenoxathiinyl-10,10-dioxide)carbonyllethvl methvi ketone (7):

A. A mixture of 0.97g (0.0027 mole) 2-w-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)carbonyljethyl methyl ketone
recrystallized from methanol lead to crystals with m.p. 146-147°.TLC: Rf
0.17 (benzene : ethylacetate - 9 : 1 - v/v); IR(em): 1715(vCOCH;);

1685(vCO); 1300, 1150, 565(80,); 1275(vC-0O-C); 840(y2CH); 765(y4CH)
(phenoxathiin nucleus).
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Anal. Caled. for C;7H,405S: S, 9.70; Found: S, 9.48.

2-(2-Phenoxathiinylcarbonylethyl methyl ketone (9):

A. A mixture of 3.49 g (0.011 mole) 2-0- 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 (98.15%) 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: Rf 0.33 (Benzene : ethyl acetate - 9:1 -
v/v; Detection:sulfuric acid spray - red-violet spot); IR(cm™):1701(vCOCH;
), 1680(vCO); 1270(vC-O-C); 820(y2CH); 750(y4CH) (phenoxathiin
nucleus); 'H-NMR(DMSO-dg; dppm): 7.81(d, 1H, H-1); 7.78(dd, 1H, H-3);
7.20-7.26(m, 2H, H-7 and H-9); 7.15(d, 1H, H-4); 7.08-7.13(m, 2H, H-6 and
H-8); 3.14 and 2.76(-CH,-); 2.13(CH;); "*C-NMR(DMSO-dgs, Sppm):
207.02(COCH3;);, 196.65(CO); 154.49(C-4a); 150.32(C-5a); 133.34(C-2);
128.48(C-1); 128.41(C-3); 127.01(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(-
CH,-); 29.65(CHs); MS: m/z 298 (M, 60%).

Anal. Caled. for C7H40,8: S, 10.74; Found: $,10.51.

2-(2-Phenoxathiinylcarbonyl)-1-(ethoxycarbonylethyl methyl ketone
{10):

A mixture consisting of 1.16 g (0.0036 mole) 2-w- bromoacetyl-
phenoxathiin, 1.44 g sodium ethylacetoacetate (Note 1) 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 1).



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

Carbonyl Derivatives of Phenoxathiin
54

Note 1 : The sodium ethylacetoacetate was obtained according to
reference [20].

Compound 10 recrystallized from anhydrous ethanol has the m.p. 93-
94°, TLC:Rf0.15 (benzene : ethyl acetate - 9 : 1 - v/v; Detection: sulfuric
acid spray - blue spot); IR(em™): 1735(vCOOC,Hs); 1710(vCOCH,);
1670(vCO); 1275(vC-0O-C); 815(y2CH); 752(y4CH) (phenoxathiin
nucleus); '"H-NMR (DMSO-dg; Sppm): 7.9(s, 1H, H-1); 7.73(d, 1H, H-3);
7.1-6.96(m, 5H, H-4 - H-9); 4.23(q, 2H, CH,); 4.11(t, 1H, CH); 3.43(d, 2H,
CH,); 2.36(s, 3H, CHj); 1.3(t, 3H, CHj3);

Anal. Caled. for C,0H;30sS: §,8.65; Found: S, 8.82.

1,5-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: Rf 0.70 (benzene : ethylacetate -9 : 1 -v/v); IR(cm™):
3450 (vNH); 1220(vC-O-C); 830(y2CH); 755(y4CH) (phenoxathiin
nucleus); MS: m/z 293(M", 100%).

Anal. Caled. for Ci3H;sNOS: S, 10.92; Found: S, 10.76.

2-0- Anilinoacetylphenoxathiin (12):

To 1.62 g (0.005 mole) of 2-w-bromoacetylphenoxathiin and 10 mL
anhydrous ethanol, ImL (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-
175° TLC: Rf 0.60(benzene : ethyl acetate - 9 : 1 - v/v; Detection: sulfuric
acid spray - violet spot); IR(cm™'): 3380(vNH,); 1680(vCO0); 1270(vC-0O-C);
820(y2CH); 749(y4CH) (phenoxathiin nucleus). 'H-NMR(DMSO-dq;
Sppm): 7.95(s, 1H, H-1); 7.88(d, 1H, H-3); 7.27-7.18(m, 3H, H-4, H-7 and



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

4, Nicoloe, D. Gavriliu & 0. Mator
55

H-9); 7.13-7.06(m, 2H, H-6 and H-8); 7.04(t, 2H, H™"-aniline); 6.66(d,
2H, H*™-aniline); 6.54(t, 1H, H***-aniline); 4.60 (d, 2H, CH,); 4.35(s, 1H,
NH); C-NMR(DMSO-dq; Sppm): 194.89(CO); 154.73(C-4a); 150.31(C-
5a); 148.01 (C'-aniline); 131.98(C-2); 128.77(C™"™.-aniline); 128.53(C-1);
128.44(C-3); 127.05(C-9); 127.02(C-7); 125.59(C-8); 119.60(C-10a);
118.08(C-9a);  117.81(C-6);  117.81(C-4);  116.16(C***-aniline);
112.47(C*™°-aniline); 49.76(CH,); MS: m/z 333(M", 40%).
Anal. Caled. for C;0H;s0,SN: S, 9.61; Found: S, 9.40.

2-(w-N-Acetvianilinolacetylphenoxathiin (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: Rf0.15 (benzene : ethyl acetate - 9:1 - v/v ;
Detection: sulfuric acid spray - green spot) IR(cm™): 1690(vCOCH;);
1650(vCO); 1270(vC-O-C); 830(y2CH); 760(y4CH) (phenoxathiin
nucleus). 'H-NMR(DMSO-d¢; dppm): 7.9(s, 1H, H-1); 7.76(d, 14, H-3);
7.1-6.96(m, 5H, H-4 - H-9); 7.20-7.00(m, 5H, aniline); 5.08(s, 2H, CH,);
2.00(s, 1H, CH,).

Anal. Caled. for C»,HsNQO,S: 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 1).

By bromination of compound 1 in acetic acid, 2--
bromoacetylphenoxathiin-10,10-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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2-0-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 2-0-
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-CH,CH,COCHj; 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 2-0-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-@-bromoacetylphenoxathiin with
aniline in alcohol medium. This compound by treating with acetic anhydride
turns into the corresponding acety! 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 o-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 rezuits aiso 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 of TLC,UV-Vis,iH—NMR, IR and for the free radicals by the EPR spectra.

RESUMO

0 novo radical livre estavel 2,2-difenil-1-(3,6-dinitro-
d-cumarinil) hidrazila 4 foi obtido pela oxidagao da 2,2~difenil~
1-(3,6-dinitro-4-cumarinil) hidrazina correspondente 3 com
permanganato de potassio ou didzxido de chumbo. A4 hidrazina 3
reage sucessivamente com acido nitroso para formar a 2-(p-nitro-
fenil)-2-fentl~1-(3,6~dinitro~4d~cumarinil) hidrazina 6 e a
2,2-(p-nitrofenil)~ 7- (3,6-dinitro—4-cumarinil) hidrazina 7.

0 composto 6 ‘também é fbrmado pelo radical livre 4 e nitrito de
sédio na presenga do éter de coroa 15-C-5. A estrutura dos
novos compostos foi confirmada por meito de cromatografia em
camada delgada, ultravioleta, infravermelho, RMN de lH e de
espectra de ressonancia paramagnet@ca de elétrons.

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

The first persistent free radical of hydrazyl type 2,2-diphenyl-1-picrylhydrazyl
(DPPH') was synthesized by Goldschmidt and Renn ! 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,et<:.2'8

In this paper we report the synthesis of an new hydrazyi-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-chloxo-2H-1-benzopyran-2-one’ 1 with 1,1-diphenyl-
hydrazin hydrochloride!® 2 in the presence of an excess of NaHCOs, in DMF or
ethanol,, to give 2,2-diphenyl-1-(3,6-dinitro-4-coumarinyl)hydrazin 3 (DPCH). This
compound in the presence of PbO; or KMnO; suspended in dichloromethane or
anhydrous acetone respectively, is transformed in 2,2-diphenyl-1-(3,6-dinitro-4-
coumarinyl)hydrazyl 4 free radical (DPCH).

NOy NOy

+ l
OoN MO NN 2RO @ PbO, Q
o' DMF 0 NH ahe: g Ne—
‘a) -
NOy

! 2 3 4

EXPERIMENTAL

Melting points (uncosrected) 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. 'H-NMR spectra were recorded on a Varian Gemini-300 MHz
instrument in DMSO-dg
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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-1-benzopyran-2-one 1 in § mL DMF, 0.78
g (3.5 mmol) 1,1-diphenylhydrazine hydrochloride 2 and 0.63 g (7 mmol) NaHCO;
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 (1.03 g 82.4 %) was recrystallized from ethanol or
methanol to give yellow crystals with m.p. 170-171°. TLC R¢ 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.(CH,Cl,) Amax 344 nm (log € =
3.94) ; in basic medium (treatment of CH,Cl; solution with 0.01 M NaOH in methanol)
the corresponding salt 5 has Ana 444 nm (log € = 4.00) . IR (KBr cm’™) 3255 (NH)
1730,1690 (CO) 1610 (C=C) 1545,1350 (NO,); 'H-NMR (8 ppm): 11.56(s,1H,N-H);
9.48(d,1H;5;J57=2.39)8.56(dd, | H;H-7;J5=2.33),7.71{d, 1 H;H-8;J5;=9.21),;7.38(1,4H;H-
11,H-13,H-17,H-19);7.17(m,6H:H-10,H-12,H-14,H-16,H-18,H-20). "“C-NMR(DMSO,
8 ppm): 155.27(C=0); 112.86(C-3); 143.92(C-4); 116.60(C-4a); 121.04(C-5); 144.04
(C-6); 128.33(C-7); 119.10(C-8); 154.85(C-8a); 145.52(2C,C-9,C-15); 119.99(4C,
C-10,C-14,C-16,C-20);  129.01(4C,C-11,C-13,C-17,C-19);  124.51(2C,C-12,C-8).
Anal.Caled.for Co)H4OgNa(418.37)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
mlL anhydrous dichloromethane or anhydrous acetone solution with an excess of
KMnOy (0.1 g 0.63 mmol) or PbO,. 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.1) UV-
Vis (CH2Cly) 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 1 g
(14.5 mmol) of sodium nitrite.Then were added with stirring durring five minutes at
room temperature 75 mL HC] 1 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 / ethyl
acetate the yelow-brown product has m.p. 165-166°. TLC Ry 0.18 (CH,Cl, - ethano! 9.5
2 0.5). UV-Vis (CH2Cl) Amax 308 nm (log € = 4.03). In basic medium the corresponding
salt, Amax 435 nm (log £ = 4.20). IR (KBr em™) : 3240 (NH) 1710 (CO) 1615 (C=C)
1540, 1350 (NO,). 'H-NMR (8 ppm) 11.42(s,1H,N-H);7.75-9.52(m,3H,H-5,H-7,H-8);
7.2-7.56(m,9H,H-10,H-11,H-13,H-14,H-16,H-17 H-18 H-19,H-20).
Anal.Caled.for Cy1H)305N5(463.37) found:N,14.9(caled.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) 15-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 HCl 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
HCl 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 dichioromethane 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
R¢ 0.09 (CH2Cl; - ethanol 9.5 : 0.5).
UV-Vis (CHyClp) Amax356 nm (log € = 3.57). In basic medium the corresponding salt,
Amax 459 nm (log & = 3.70). IR (KBr cm™) : 3260 (NH) 1695 (CO) 1620 (C=C) 1530,
1345 (NOy,. "H-NMR($ ppm):11.39(s, 1 H;N-H);9.29(d,1H;H-5;J5,=1.8);8.54(dd, 1 H;H-
7;J72579;J125=1.9);7.84(d,1H;H-8;J5,=8.90),7.18(d 4H,H-10,H-14,1-16 H-20;J=7 .92);
8.5(d,4H,H-11,H-13,H-17,H-19;J=7.92).
Anal.Calcd.for Cy;1H2010Ng(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) - 1 - (3,6 - dinitrocoumarinyl) hydrazyl free
radical 9, was synthesised from corresponding hydrazines 6 and 7 with KMnQj, or PbO,
as described for the preparation of free radical 4. EPR spectra (Fig.1) UV-Vis (CH,Cly)
Amax 507 nm for 8 and Ay 502 for the free radical 9 .

.

4, ' 8. 9.

Fig.1 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 (Ayax 515 nm) slowly became yelow-
brown, losing its EPR signal. The EPR spectrum is similar with DPPH' (5 lines ang) =
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 -NO, group from position 3 in the coumarinic ring) confirmed by reaction
with alkaline hydroxide in ethanol (the same behaviour like DPPH)! 2

o9 - of

B

NH at
N NGy 0N NG,

O O’OO

3 5

The reaction is accompanied by the colour change of the reaction mixture from
yellow (Apax in dichloromethane, 344 nm) to red (Amay 444 nm), corresponding to salt 5.
Similarly to DPPH 8,13 , the NGO, radical reacts with 3 or 4 to give a tri and tetranitro
hydrazines mixture 6 and 7, which were separated by TLC and identified :

Their oxidation with PbO, or KMnO, leads to the corresponding free radicals
confirmed “in situ” by EPR.(Fig.1)

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




SOUTH. BRAZ. J. CHEM,, Vol. 6, N° 7,199

Some Reactions of Nitrocoumarins

64
5
Ny L, N 6 N0 : i
~NalNO ozmmwoz
e
8
©2 NOy NO,
o o R
I' - T-— *NOy N IH

. N
03N NGy N N
149+ heos "OrL”
O’ A0
0 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 + NOy — DPCH + 'NO;

Due to DPCH' 4 high hydrophobicity, it is necessary to transpoft the nitrite anion
from the solid phase to organic phase (CH,Cly) as a supramolecular complex
(15-C-5..Na)"NO;" consequently :

NaNO; + 15-C-5 - (15-C-5..Na)" NOy’

if) The persistent free radical 4 reacts with the supramolecular complex yielding
the nitro free radical NO, :

4 + (15-C-5.Na)’NOy —  (15-C-5..Na)’DPCH™ + NO,

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

4 + NO, — 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',

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 aqueocus solution / dichloromethane 1:1 (v/v)- obtained in the
dichloromethane phase are given as massic percent :

Compounds pH7 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 being3 <6 <7

CONCLUSIONS

The hydrazines 3, 6 and 7 were synthesised and characterised by TLC, UV-Vis, IR,
'"H-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 NO; as homolytical reagent.
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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 ai 25 °C and 40 °C and thermodynamic parameters such
as the free energy of micellization (A4G°y), enthalpy (AH°.) and entropy (AS°wme) of
micellization 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 107 M in pure
water 10 8.5 x 107" for solutions containing 90% glycerol by volume. The corresponding values
obtained for AG’ . were -4.14 and -2.82 kcal/imole; for AHC . were -1.03 keal/mole and -3.73
keal/mole and for AS’wme were +10.43 and -3.10 eu. Addition of glycerol decreases the
spontaneity of micelles formation of CTAB in water.

RESUMO:

O processo de micelizagio do brometo de cetiltrimetilaménio (CTAB) em glicerol e
solugdes aquosas de glicerol foi estudado por métodos de tensiometria superficial. A
concentragio micelar critica (CMC) foi determinada a 25 °C e 40 °C e pardmetros
termodindmicos tais como a energia livie (AG’nic) de micelizaggo, entalpia (AH i) € entropia
(AS°mic) de micelizagdio também foram medidos. A uma temperatura de 40 °C, CTAB forma
micelas em glicerol puro e na faixa inteira de solug¢des aquosas de glicerol, Para 25 °C, a CMC
variou de 9,2 x 10* M em 4gua pura até 8,50 x 10° M para solugdes aquosas contendo 90%
de glicerol por volume. Os valores correspondentes obtidos para AG®y. foram -4,14 kcal/mole
e -2,82 kcal/mole; com AH ;. = -1,03 kcal/mole e -3,73 kecal/mole e com AS%yi. = +10,43 ¢ -
3,10 e, respectivamente. A adicdo de glicerol diminuiu a espontaneidade do processo de
micelizagdo de CTAB em agua.

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 additives'', we have also investigated the
formation of micelles of the surfactant cetyltrimethylammonium bromide (CTAB) 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 Nemethy'”'? and has been reviewed in the literature'°;

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 themselves®' .

Both have been employed in protein conformation studies and as simple membrane
simulators. Being dense kquids, 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 b**. Reactivation effects by glycerol and ethylene glycol of inactivated 8-
aminolevulinic acid synthetase were reported. It was indicated that the protein conformation
around tge pyridoxal 5'-phosphate binding site of synthetase was stabilized by the two polyprotic
alcohols™.

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, CHs;(CH,);sN'(CH;); 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 CTAB. The surface tension of the water-
CTAB-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 CTAB. 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 AGnic, AH mic and AS®y,;, were determined using standard
equations’®?’ derived on the basis of the assumption that the process of micellization involves the
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formation 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 AG®y; is about + 100 cal/mole. On the other hand, AH%. and AS°wi. 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 CTAB in water-
glycerol solutions at 25 °C are illustrated in Figure 1.
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Figare 1. Plot of Surface Tension versus Concentration of Cetyltrymethylammonium Bromide
(CTAB) for the Water-CTAB-Glycerol System at 25 °C.
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All plots of surface tension versus the concentration of CTAB 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 1.

Table 1. Critical Micellar Concentration (CMC) of Cetyltrimethylammonium Bromide (CTAB)
in Aqueous Solutions of Glycerol

Percent of Glycerel Mole Fraction of CMCat25°C CMC at 40 °C

by Volume (% vol.) Glycerol (x¢) (M x 10°) (M x 10%)
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 1.506 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 micellar concentration of CTAB 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, AGw., the enthalpy, AH’wic and the standard entropy of
micellization, ASmic, 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 of N-alkylbetaines in water (Cyo and
Ci1) the CMC decreases, reaches a minimum and then increases as a function of temperatures
and for N-alkylbetaines (Cy2) the CMC increases as a function of temperature”™** 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''. In a wider sense, without starting
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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 Cetyltrymethylammonium
Bromide (CTAB) on the Mole Fraction of Glycerol for the Water-CTAB-Glycerol
System.



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

L.G. Ionescu, S.M.H, Probst & E.F. De Souza 73

Table II. Some Thermodynamic Properties for the Formation of Micelles of
Cetyltrimethylammonium Bromide in Water-Glycerol Solutions at 25 °C.

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

(xc) AG" e (keal/mole) AHC;. (keal/mole) AS’mic (e.10.)
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 - 433
0.366 -3.35 -4.89 - 517
0.498 -3.03 -430 - 426
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

(x) AG e (keal/mole) AH’ . (keal/mole) AS® e (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 - 434
0.366 -3.27 -4.89 - 5.17
0.498 -2.97 -4.30 - 425
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
keal/mole (pure water) to -2.50 kcal/mole (pure glycerol), as can be seen in Table II1. 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 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 II1, the addition of glycerol to
water solutions containing CTAB 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 ?yceroi and ethylene glycol form hydrogen bonds with
water and disrupt the water structure®' ™.

Study of glycerol-water solutions by surface tensiometric measurements also showed the
presence of interactions between the two solvents. This interaction reaches 2 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
solvents**3"
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ABSTRACT

The link between the polyof 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 polyol 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 oOf 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, aidose
reductase, nonenzymatic glycosylation.

RESUMO

A relagdo entre o caminho metabélico do poliol e complica-
¢oes oculares de diabetes mellitus é explicado através da arma-
zenagem excessiva de sorbitol ¢ da liberagac da tersdc osmética.
As complicagdes renats também poderiam ser explicadas através da
hipotese osmotica, porem a atividade do caminho do poliol estd
reduzida neste caso. 0 estudo da atividade da sorbitoldehidroge-~
nase (SDH), uma das enzimas envolvida no catabolismo da glicose
atraves deste caminho, em homogenatos renaie e hepaticos, pro-
vententes de animais diabéticos, mostra um aumento continuc da
atividade da enzima hepatica comparada o aquela a nivel renal.
0 comportamento diferente da SDH renal pode ser explicado através
do efeito da hiperglicemiq sobre a forma ativa da enzima e @ sua
inativagao por glicostilagao nonenzimatica.
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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 balance'?. The polyol pathway is represented by two enzymes with
different distribution:

o Aldosereductase (E.C.1.1.1.21), a NADP" dependent enzyme which acts

in the meduilary cells cytoplasm;

o Sorbitoldehydrogenase (E.C.1.1.1.14), a NAD" dependent enzyme from

interstitial cells.

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

H-C=0 NADPH+H" NADP’ CHon NAD" NADH+H" (]:H20H
!
H-C-OH N M H- c ~OH | C=
HO - é _H I A!dose—reductase) HO - C H ms()rbi:oj HO—C—H
] dehydrogenase I
H—(IJ—-OH H—»(]:—OH H—?—OH
H ~(I:—OH H _?"OH NAD" NADH+H' H —(Il -OH
CHOH CH0OH CH-0OH
Glucose Sorbitol Fructose

Aldosereductase has a low affinity (high Kn) 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)>*

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

The polyol pathway has dlfferent activity in lens, liver, kidney, retina, large and
thin vessels and peripheral nerves’.

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
cells®,

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:

e Group 1, after 4 weeks;

e Group ll, after 6 weeks;

o Group lli, 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-HC! buffer pH = 7,5 with an
extraction ratio tissue/buffer = 1/10

V;Ve tested the sorbitoldehydrogenase activity with the Richterich’s colorimetric
method”.

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

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-RNA'®.

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

Renal SDH activity increased for groups | and !l compared to the control
group, but the group il presented reduced activity.

Renal SDH activity increase is less significant as compared to the hepatic
enzyme. Also, its variation doesn’t correlate with serum gilucose 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 intraceliular

constituents and the active form of renal sorbitoldehydrogenase is transformed into
an inactive one.




Table 1

LEVELS OF SOME PARAMETERS IN EXPERIMENTAL DIABETIC NEPHROPATHY

Control group Group | Group I Group il
Parameter (X SD) (Xt SD) (Xt SD) (X SD)
Serum glucose (mg/dl) 79.3441.64 300.446.3 260.3+4.2 374.240.65
Hepatic SDH* 6.841.3 9.2+2.4 13.410.6 16.5%1.7
Hepatic SDH variation compared to the normal group - 135% 195% 240%
Renal SDH* 0.7840.12 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 umoles 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 compilications 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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Adina Dumitrascu, Mircea Constantinescu*, Corneliu Oniscu, Dan Cascaval

“Gh. Asachi” Technical University lasi, Faculty of Industrial Chemistry,
Department of Organic Industries, 71 Bd. D. Mangeron, 6600 lasi, Romania

" Al I. Cuza” University lasi, Faculty of Chemistry, 71 Bd. D. Mangeron,
6600 Iasi, Romania

ABSTRACT: 4 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.

RI}SUMO Este trabalho relata os resultados de um estudo
teorico baseado em mecdniea molecular e caleulos semiempi-
ricos para o mecanismo de condensagao do metilep-amidosulfo-
nil fenoxiacetato com etilenc diamina. A sintese de 17 novas
imidazolinas derivadas de dqeidos fenoxiacéticos sul fonamida-
dos & também descrita.

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




84

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

i‘midazolines with Hypotensive Activity

INTRODUCTION

The systematic syntheses and pharmacological studies of numerous
imidazolines substituted in the 2-position resulted in compounds with various
biological  activities (e.g  analgesic, antidepressant, antibelmintic,
antihypertensive, vasopressor, hypotensive) '.

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

C
! B cl o
NH—</ »HCI O—CH ‘</ =HCI
N— Y —-—
Ci Ci H
Clonidine Lofexidine
N
N
H

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 pharmacodynamical studies on such products [ eg 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 aryloxymethylene group exhibited an extremely
low toxicity, even in high doses *.

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 *°.

N
CH,CO0CH, o—cHs{ ]

R, HN=CH,  © TsoH R, ﬁ
* I —— + CHyOH + HOH

R

where: Ry=Cl, CHy ; R= SONH, SONHC,H;s, SON(CHy), SOMNCH,), SOMNCH,
SONH- Pr, SONH+ Bu, pyrrolydinosuiphonyl, piperazinosulphony!
In order to obtain some theoretical informations on the condensation

mechanism between esters and EDA in acid catalysis, a modelling study based
on molecular mechanics and semi-empirical calculations has been performed.

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 AM1 method °.

Chemistry
Melting points were determined on a Boetzius micromelting point

apparatus and were uncorrected. Infrared (IR) spectra were recorded on a
UNICAM SP-100 apparatus using KBr pellets. Nuclear Magnetic Resonance
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('"H-NMR) spectra were recorded at 300.1 MHz in deuterated
dimethylsulphoxide (DMSO-dg) 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
performed under vacuum.

General Procedure

All the compounds were synthesized starting with 0.01 mole of methyl
ester of the corresponding 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 criterta: heats of formation, (AHy), analyzed comparatively for
three pairs of presumably formed species (denoted by A- H in the Figure 1)
and bond lengths (3) 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 AH; corresponding to the A and B
compounds, we supposed that only the formation 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
intermediates are proposed as the structures C, D and E are depicting.
Analyzing the AHy values for the three compounds it can be observed that for
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OCH,CO0OCH,
+HY L
(p-TsOH)
SO,NH,
/NHz(CHz)zNHz

H—C
5 < OCH3
- SRR

SO,NH,
C ( -22,1 keal/mol}

e ENHCH)NH,
TTOH

/ SONH,

F { 38,5 kecalfmal)

Hy— c<$_CH3
H

P
SO,NH, A ( 174,8 kealfmol)
T H—C HN(CHy)NH,
o---~c&~13 >
SO,NH, B ( 146,5 kcal/mol)
___NH(CH,),NH, H(CHQ)ZNHZ
o1+ 5—C
N k
H -CH,OH
SO,NH, SONH,

D { 23,9 keal/mol) E { -30,1 kcal/mot)

/NH—'CH2

o /NH—([:HZ }\‘:l
2
§,|\NH—CH2 SAH—CH, 2 :N
— +stO>_ H
" -H,0 -pTsOH

SO,NH, SONH, SONH,

OH H H (23,1 kealfmol)

NH**CH

Hs— C/ 2
[N NH—CH2
G (43,1 kcal/mol)

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

the E intermediate the probability of formation is greatest. Consequently, we
choose the E compound for the further transformation, by the elimination of
one molecule of methanol. An additional argument for this choice consists in
the difference between the length of the bonds §; of 2,95 A and &, of 3,284
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 AHy values of the
two compounds is rather small ( of 4.6 kcal/ mol ) the conclusion that can be
drawn is that both structures can be regarded as possible intermediates . Thus,
either carbocation F or intermediate G , obtained by a direct rearrangement of
compound E , could virtually pass into the intermediate H , of lower AHy value.
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From the isomer H one water molecule is easily expelled, in agreement
with the the abnormally great 8; 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 methano! 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
sulphonamidated fenoxyacetic acids were obtained.

1) derived from

Table 1. Some properties of the imidazolines synthesized.

M= .
Qoo |
R H

1

No. R; R; Empirical M M.p. %N %N Recer.
Formuia (2/mol) O cale. found Solv.
1. Ci SO,NH, CioHi2 CIN;O5S 289.5 230- 14,5 14.25, HQO
231 14.39
2. Cl SO,NHC,H; C,:H,sCIN;O,8 317.5 172 13.22 13.03; i~PrOH-
13.54 HOH
3. Cl SON(CoHs), Cy4HyoCIN;O58 345,5 184 12,15 11,98; i-PrOH-
12,01 HOH
4. Cl SON(C3H5)2 CigHgq CIN3GO5S 373.5 115 11.24 11.34; i-PrOH-
11.40 H,O
5. Ci SON(C4Hy)2 Ci3Hae CIN3O5S 438 129- 9.59 947, CH,OH
HCI 130 9.55
6. Cl SONHCH(CH;), C,3H;:CIN;O38 368 183- 11.41 11.09; CH;0H
HCI 185 11.38
7. Cl SONHC(CH;); Cy4HoCIN;058 382 163- 10.99 10.87; CH,;0H
HCi 165 11.03
8. Cl pyrrolidinosuiphonyt Cy4H,;5CIN;O38 333.5 167 12.59 12.25; CH10OH
12.39
9. Ci piperazinosuiphonyl Ci4H;oCIN,O5S 3585 258- 15.62 15.49; DMSO
260 15.54
14.02 H0
11. CH, SOMN(C,Hs) CysHzsN;058 325 189 - 12.92 12.55; CaHs;0H
190 12.78
12. CH; SO,N(C;3H;), Cy3HzN;058 389.5 175 10.78 10.69; CH;0H
HCI 10.7}
13. CH, SON(C4Hy), CioHz N;058 417.5 171 10.059 9.98; CH;0H
HCl 10.01
14. CH3 SO:NHCH(CH;,): C;4H21N303S 347.5 217 12.086 1 198, CH;;OH
HCl 12.05
HCI 11.52
16. CH, pyrrolidinosulphonyl CisHy N3sO5S8 323 183~ 13.00 13.12; CH;0H- H,O
184 13.08
17. CH; | piperazinosulphonyl CsH2N,0O58 337 232 16.61 16.54; DMF- H,O
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 charactenstlc bands as follows: 3050-3100, 2930«-
2950, 1600 1610, 1450 1490 om® (1m1dazohne) 1080 1100 cm’

(1,2, 4 substituted aromatlc rmg)
The UV spectra show broad bands at approximately 220 nm.

The structures of 2-substituted imidazolines were finally confirmed by
'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 .

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 aryloxyalkylcarboxilic 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 'H- NMR measurements.

Acknowledgment. The authors are grateful to Dr. Jaroslav KfitZ, Institute

Macromolecular of Chemistry Prague, Czech Academy of Science, for the
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Synthesis and Characterization of - New Oxovanadium(IV)
Coordination Compounds with Pyrazel-5-one Azo Derivatives

Anca EMANDI
Department of Inorganic Chemistry, Faculty of Chemistry, University of Bucharest,
Dumbrava Rosie 23 District 2/70254 Bucharest ROMANIA; E-mail

anorg{@uchim. sfos.ro

ABSTRACT

A new series of oxovanadium(IV)} chelates containing bi-and tridentate pyrazol-
5-one azo derivatives ligands of the type (1) fVO(L),] and (2) [VO(L}(H0}] have been
prepaved and characterized by elementary apalysis, IR, 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 (O-N-
Q) donor system as dibasic and tridentate (H>L) for the second type of complexes. The
molecular weghts, the presence of the (V=0) stretching band around 956 cm™ and the
visible spectra suggest a monomeric penta-coordinated structure for these complexes.

Keywords: oxovanadium(IV) coordination compounds, pyrazol-5-one, azo dye,
UV, IR spectroscopie
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INTRODUCTION
In recent years there has been considerable interest in the synthesis, magnetic
and structural propert;es of oxovanad:um(IV) complexes of bi- and tridentate Schiff

bases'?”. Zelenstov' and Ginsberg® have suggested a dimeric structure for the
complexes of oxovanadium{I'V) with Schiff bases of the general formula:

OH HO.

CH——»

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

CH3
@Nr_-:ﬂ\! N\
x
N’? -8
o

X=0H, COOH H
D = diazo component

The pyrazol-5-ore azo derivatives are very important pigments®. 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.

() complexes with the general formula [VO(L).], in which the vanadium is linched to
two azo derivatives obtained as the anionic part L of the following HL ligands.

HLZ D=CH;~— N- ) X=H

OH

(Ciogl
}H; where
"N

Saea
CH3
pyrazol-5-one was seplaced by
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o

[BFa]’

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

N
TR T
“‘O? \N on/ ~

' ¥
& &
Hydrazoketo form Azoenol form

and therefore, these ligands act bidentately and have monobasic properties.

(77} complexes with general formula [VO(L)(#,0)], 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 HoL ligands

HyL# D= Q ¥ - COOH

X

NO2y,
HaL5 p== Q' X=0H snd

X

Chy,
HaL¢ b= X=OH gna

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 described®’.

Physical Measurements

The eclectronic 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™, in KBr pellets.

Molecular weights were determinated in chloroform at 37°C with a Mechrolab
Model 301A vapor pressure osmometer. Concentrations of the solutions were in the
range of 10°-16 M.

Elementary analysis were determined with a Carlo Erba EA 1108 apparatus.
Vanadium was determined by the gravimetric method. Conductance measurements
were obtained with a Radelkis conductometer type OK-102/1.

Preparation of the compounds

Complexes of type (1) [VO(L),] were synthesized by dissolving (0.004 mol) HL.
in 50 mi of hot ethanoVacetone mixture (1/1 v/v) and then adding (0.002 mol) of
vanadyl sulphate (dissolved in 10 m! H,O/ethanol 50%). The pH of the reaction
medium was adjusted with (0.004 mol) CH;COONa3HO from 4-4.5 to 8-85
followed by stirring the reaction mixture, under reflux on a water bath for about 1.5
hours. The solid complexes were separated by filtration, washed with ether and dried at
room temperature.

The complexes were purified by recrystallization, (n = 60%). The general
reaction was

VOSSO0, 2H,0 + 2HL +2 CH;COONa 3H,0-> [VO(L)s} +N2xSO, +
2CH,COOH +8H,0

Complexes of type (2) [VO(L)YH,0] were prepared by dissolving (0.004 mol) of
the HpL in 50 ml of hot ethanol and adding an aqueous solution of VOS04.2H,0 (0.004
mol). The pH of the reaction was adjusted with (0.004 mol) CH;COONa.3H,0. The
mixture of reaction was heated under reflux on 2 oil bath at 112°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, (n = 65%). The general reaction was:

VOS04.2H,0 + L +2 CH,;COONa2.3H,0-> [VOLYH,0)] +NapSOs +
2CH;COOH +7H,0

'RESULTS AND DISCUSSION
The solution conductance values in DMF for the solid complexes (Table 1) are

in good agreement with the data obtained by previous authors'® 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 & Mol Mop. Powder
Complex Formula o lem2mol™! wt oC colour
% C2 % H? % N@ % VA
[VO (L1)2] VO(C34Hy3N120657) 49 45 2.66 20.36 6.17 354 824,94 350b green
€50.01) | (3.00y | (20.40) ) (6.20)
[VO (L2)2} VO(Cy4HygNgO7) [ClO4)7 53.55 4.86 11.35 ? 16 58.6 985.94 357b brown
{(53.76) | (5.0 1 (11.44) | (5.24)
[vo (L3)2] VO(C5gHg4N|20,8) [BFy4l, 52.23 3.83 14.62 443 59 1148.56 | 43;b red - brown
(32.30) | (4.00) | (14.70) | (4.50)
[vO (L4) (HzO)] VO(CISHI 1N503S) (HHyO) 46.75 2281 15.15 11.02 442 461.94 275 ye}ow - green
(46.80) | 2.95) | (1530 | (11.00)
(VO (LS) (H,0)} VO(C7H1gNgO4) (HHO) 45,64 2.68 18.79 11.39 433 446,94 271 brown - red
@570y | (27D | (18.80) | (11.40)
% (LG) (Hy0)] VO(Cy7H)oN5028C1) (HyO) 43.54 2.36 14.94 10.87 44,37 468.44 >300 brown - dark

(43.55) 1 (270 | (15.00) | (10.95) .

a Calculated (Experimental) ; b Decomposition temperature ; ¢ 10-* M solution in DMF

wpuviyg Vv

56

8661 ‘L oN ‘9 'IOA “IWHHO 'f "ZV¥4 "HINOS
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Table 2. Assigments of IR Spectral Bands (cmr’) for Complexes

of Oxovanadium (IV)
Frequencics Coniplexes
VO(LY, VO, | VO™, | VOUANH0) | VOWLNH0) | VOLSH0)
WC=0) 1690 * 1690 * ~1690 * ~1690 * ~1690 *
pyrazolone - - - - - -
v{C=0) 1280 - 1280 1280 1280 1280
enolic
v(C-0-M) 1540 - 1540 ~1545 ~1540 ~1545
v(N=N) 1475-1570* 1577* 1577* 1575%
+ +880-900*
WC-N-N-C) 15654910 1560+920 | 1560+900 1363+920 1560+910 1560+900
S(OH) - 1385% - - 1380% 1380*
phenolic ~ - -
v(OH) - 3460* - - 3450* 3450*
phenolic - - -
v(C-O} - 1150* - - 1140% 1140%*
phenolic 1285 1285 1285
v{OH...N}) - 1650* - - 1656* 1656*
wCOOH) - - - 2570% - -
vOCO) - R - 1425 - -
V(C-O-H) of - - - 810 - -
aromaticCOO -
H
S(OH)+ 1410*
WCO)of - - - - -
aromaticCOO -
H
v(CH), §(CH) || 3030*+720*
3030+730 | 3100+605 | 3000+720 ~3100+730 ~3111~720 ~3000~730
v(MN) 410 410 410 405 410 410
v{(MO) 505 500 505 500 500 503
W V0O) 950 950 950 940 950 952
v(HO) of
O - - - 3095 3090 3095
coordinated

* Bands in the free ligands

analysis (Table 1) indicates a ratio VO/HL = ' for the type (1) complexes and 2 ratio

VO/H,L = 1/1 for the type (2) complexes. The molecular weights for all complexes.

correspond 1o a monomeric structure.

The infrared group frequencies of diagnostic importance are shown in Table 2.
Comp}exes of type (1) [VO(L);} pexhibit a new band corresponding to v(Cy %.0Y enolic
at 1280 e’ while the band cm'respondmg to v{C=0) pyrazolone dissapears. The band
v{N=N} at around 1475-1570 om’ in the free ligands is shifted to around 1560 cm in
the complexes. In the comp}exes the bands v(OH) phenolic at around 3460 cm™ and
V(OH...N) at around 1650 cm™ in the free ligand dissapear, whﬂe the band vw(C-O)
phenolic is shifted from 1150 cm“ in the free ligand to 1285 cnr” in the complex.




Table 3. The Reflectance Electronic Spectral Data for Oxovanadium (IV) Complexes (em ™}
and the Assigments of their Bands -

o

Complexes vy (em™) vz (cz;aj) - vs (em™) Change transfer bands
Vol 12750 b; > e 17100 b, — b, - ~§g 000 (&) > by)
, dxy) dizye) day) ety ~28 000 (e > Ba)
Vo)l 13000 b; - € 17000 b; - b, - ~20 000 (2; > by)
~28 000 (e, —> by}
VO (') 13200 b > e, 18200 b, - b, - ~21 500 (a; -> b))
~27 800 (e, > by)
) 18181 b - a ~30303 (2 > €, )
[VO @) 0%0)] i 15873 b; - b dxy) ) ~23 809 (1 > b:)
~27397 (e, > by)
s . . ~31100 (& - €.)
VO Iy (:0)) - 16100 b, - & 19100 b; - 4 ~24 500 (3, ~> by)
~29 800 (e, —> by)
¢ . . ~33 333 (2, > €.)
[vo @) (0] . 16129 b, = b 18867 b - & ~24 500 (2 — b;)
~28 800 (e, —> by)

ipuvyg ‘Y
8661 ‘L N ‘9 'IoA “IWHHD T "ZV¥4 "HLNOS

Le
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The complexes of type (2) [VO(L)H,0] exhibit new bands due to v(OCO)
coordinated at 1425 cm’ and a large band corresponding to the coordinated water
molecule appears at 3095 em’ . In all complexes new bands appear around 505 cm’™
and around 416 cm™ corresponding to v(V-O) and respectively to v{V-N)'""2.

Furthermore the presenice of the V-0 stretching band around 950 cm’! all
complexes indicates a monomeric VO unit"

The IR spectral data suggest:

(7} a coordination through (ON) doner system of the HL ligands after deprotonation of
the enolic group.

(i) two HL acting bidentately around a vanadyl unit.

(#i) a coordination through (ONO) donor system of the H,L ligands which act
tridentately and dibasic after undergoing the deprotonatron of (COOH) group in (H;L*)
ligand, and (OH) group in (H,L®) and (H;L%), and the enolic group proceeded from
pyrazolone v(C=0) frequence.

Electronic reflectance spectral data are provided in (Table 3). The complexes
[VO(L);] exhibit only two bands as shoulders around 13000 em™ and 17000 cm’.
These bands were assigned to (b; — e*,) respectively to (b; — b*;) transitios **. and
respectively to (b — a*)) transitions'*. The third band is covered by a charge transfer
transition.

The complexes [VO(L)H 7O} exhibit a band beetwin (15873-1612%9)cm and a
low intensity shoulder beetwin (18}81 18867)cm "' assigned to (by —» b*)) and
respectively tofb; ——:~ a*;) transitions.' Charge transfer bands are also observed at
(30303-33333) om™* and (23809-27397) cm’!

F.A Cotton' noted that the differences in the energy of the third band v; 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 1 to a lower wave length.
In our paper the value vs =19100 cm’ corresponds to (NOz) group and the value vy
=18867 cm” corresponds to (Cly 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(l) for [VO(L),} complexes and structure (II)
for [VO(L)H,0] complexes.

. - 0 - - 0

(°>ﬂ<§) > yf"*ﬁ

\__./
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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-diphenyi-1-picrylhydrazyl (DPPH) or 2,2-diphenyl-1-picrythidrazine
(DPPH-H) with N-bromosuccinimide (NBS) were studied. Two main compounds Br-DPPH
and (Br),DPPH were obtained, by bromination of the starting material in para-phenyl
position, and also a secondary product, NO,DPPH. It was shown that the reactions of NBS
with DPPH include a substitution at the picryl group of DPPH with liberation ir situ of NO,
(ipso-substitution of a nitro group with bromine) and subsequently NO, is scavenged by
DPPH with the formation of NO,DPPH.

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

RESUMO

Foram estudadas ae reagoes de 2,2-difenil-l-pierilhidrazila
(DPPH) e 2,2~difenil-l-pierilhidrazina (DPPH~H} com N-bromo-
sucininimida. Foram obtidos dois produtos principais, Br-DPPH

e (Br) ,DPPH, através da bromagac do reagente iniecial na posigao
P~ fenz%a Tambem foi obtido um produto secundario, NO_DPPH .
Foi demonstrado que as reagoes de n-bromosucinimida (fiBS) com
DPPH envolvem umq substituigas no grupo ptcrzla de DPPH com
tiberagao in gitu de NO, ( subetituigdo ipso de um grupo nitro
com bromo). Subsequentemente, o ¥0, reage com DPPH Fformando

N029PPH.
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INTRODUCTION

The synthesis of the substituted derivatives of the 2,2-diphenyi- 1-p1crylhydrazgi free
stable radical (DPPH) involves various methods, including radicai-radical reactions.

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 nitro-substituted derivatives of DPPH were
obtained.*’

Because of its unusual stability, DPPH has focused special interest for a long time;
therefore numerous mono- and di-substituted compounds have been prepared. % In
particular, the reaction of DPPH with nitrogen dioxide or halogens to form substituted
hydrazines has been studied in detail.™

The 2-(p-bromophenyl)-2-phenyl-1-picrylhydrazyl Br-DPPH and 2-bis-(p-
bromophenyl)-1-picrythydrazyl (Br),DPPH were obtained by the foﬂowmg reactions: 1) the
reaction of DPPH with hydrobromlc acid in presence of sodium bromide;’ ii) the reaction
of DPPH or DPPH-H with bromine® and iii) the synthesis of the bromo-derivatives from
substituted diphenyl amine.’

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 of Br-DPPH and (Br),DPPH 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 (JEQL) spectrometer with 100kHz field modulation using X-band
frequency. The parameters of the EPR spectra were measured in comparison with those of
Fremy’s salt {(ay=13.0 Gauss). The NMR spectra were recorded at ambient temperature {ca.
295K) with a Varian Gemini 300BB instrument; the solvent was deuterated chioroform;
internal TMS was used as reference both for 'H-NMR and “C-NMR spectra.

The NMR and ESR spectra were identical with those in literature. *®

The reaction of DPPH-H with NBS in carbon tetrachloride

Br-DPPH

Five hundred milligrams of DPPH-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),DPPH-H (14%), Br-DPPH-H (39%), DPPH-H (12%), and NQ,-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 (CygH;5NsOgBr): 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
Amax=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, R=0.60, for the free radical
R#=0.68.

(Br),DPPH

Samples of 500 mg DPPH-H (1.25 mmol) was treated with 460 mg NBS (2.6
mmol), and the reaction mixture worked up similarly. (Br),DPPH-H (32%), Br-DPPH-H
(15%), DPPH-H (12%), and NO,-DPPH-H (11%) were obtained. By oxidation in
methylene chloride the corresponding free radicals are obtained with 95% yield. Elemental
analysis for Br,DPPH-H (C;sH,N:OxBr,): 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-
62°C); UV-Vis A,.=319 nm, in basic media A, =~432 nm, for the corresponding free
radical ,,,,=520 nm. TLC analysis on silica gel GF 254 (Merck), toluene eluent R~=0.66,
for the free radical R=0.78.

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),DPPH-H (12%), Br-DPPH-H (42%), DPPH-H (10%), and NQO;-DPPH-H (5%).
Oxidation in methylene chloride give the corresponding free radicals with 95% yield.
Elemental analysis for Br-DPPH-H (C;gH;NsOgBr): 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 °CY); UV-Vis Age, =320 nm, in basic media Ay =424 nm, for the corresponding free
radical A,,,,=520 nm, TLC analysis on silica gel GF 254 (Merck), toluene eluent R~0.60,
for the free radical R=0.68,

(Br),DPPH

Samples of 500 mg DPPH-H (1.25 mmol) and 460 mg NBS (2.6 mmol) were
processed similarly as described above. (Br),DPPH-H (37%), Br-DPPH-H (14%), DPPH-H
(8%), and NO,-DPPH-H (10%) were obtained. By oxidation in methylene chloride the
corresponding free radicals are obtained in 95% yield. Elemental analysis of Br,DPPH-H
(CysHNsO6Br): caleulated (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 Aye=319 nm, in
basic media A;,=432 nm, for the corresponding free radical Ay, =520 nm. TLC analysis
on silica gel GF 254 (Merck), toluene eluent R=0.66, for the free radical R=0.78.

The compound NO,-DPPH-H was isolated in the same conditions at R=0.26
(Amax=352 nm), for free radical R=0.46 (A,,,=505 nm).



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

Reactions of Picrylhydrazine

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. 1).

%N&: — %N- + Bre )

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
NO, X%
0, 9%

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

+Re
NN 3
R TR NN ©

If an excess of NBS is employed (Br),DPPH is expected to form (Eq. 4):

B Br

NO, NO,
N““N‘@‘NOZ T B, N*W@No2 4)
NO, O,
B
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The study showed that for the DPPH, Br-DPPH and (Br),DPPH 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
NO,-DPPH and (NO,),DPPH)."

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),DPPH); the reaction was carried out at low
temperature (0-5° C). This processes favoured the obtention of brominated compounds and
decreased the yield of the ipso-substituted derivatives® The average yield of brominated
derivatives increases about 10% when the reaction occurs at low temperature.

All the experiments have shown the formation of NO,-DPPH, by ipso-substitution
process (bromine radical ipso-substitued one ortho-nitro group), followed by NO, radical
scavanged by DPPH (Egs. 5 and 6).*5%

NO, Br
Nwwpwoz —3%—;-» N"ME‘-@‘NOZ 6)
) )
NO, NO2
N——1 0, 1O, N———;I»——pqoz ©
> %

After the isolation of the bromoderivatives, elementary analysis, melting point and
the UV-Vis, NMR and ESR spectra were identical with the literature data.™’ In basic
media the hydrazinic hydrogen is removed (because it has an acidic character),’™!! 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 TLC
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 NO,DPPH.
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