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I. Introducao

Os fendmenos da natureza associados a Vida constituem talvez a dltima grande
fronteira do conhecimento humano ainda em grande parte intocada pela Fisica. A alta
complexidade associada aos organismos biol6gicos € certamente a razio principal pela qual
as chamadas Ciéncias da Vida adotaram, ao longo de sua histéria, uma abordagem sistémica
na descrigdo e anélise dos problemas envolvidos. Este panorama modificou-se drasticamente
nos dltimos anos, com o florescimento de novas técnicas experimentais tanto fisicas quanto
bioquimicas e biol6gicas, que permitem a interagdo sistemdtica e racional com a Matéria
Viva. O impeto para esta nova abordagem da pesquisa biolégica deve-se ao reconhecimento
universal de que a chave para o entendimento da biologia encontra-se nas estruturas
moleculares e supramoleculares dos sistemas vivos. Por vérios séculos os assim chamados
"filésofos naturais" buscaram a compreensido do comportamento e fungio na forma que podia
ser observada com a visdo comum. Mais recentemente com o advento dos microscépios
6pticos e, neste século, com o microscépio eletronico, a pesquisa estendeu-se ao dominio da
organizagao celular e subcelular. Hoje em dia, com as cada vez mais sofisticadas ferramentas
da Fisica, esta visdo alcanga os niveis de moléculas e 4tomos.

Observa-se assim uma gradual transicdo da Biologia Cl4ssica para a Biologia
Molecular, na completa acepg¢do desta denominagdo, qual seja a Ciéncia da Vida a nivel
molecular que busca entender os fendmenos bioldgicos na escala atdmica.

Dentre as vériadas ferramentas da Fisica que possibilitam o conhecimento em detalhe
das estruturas das moléculas da vida a nivel atdmico, a técnica de Difra¢do de Raios-X por
monocristais destes materiais tem tido papel preponderante. Até a presente data, a quase
totalidade da informagio acumulada sobre o arranjo tridimensional de 4tomos em proteinas,
4cidos nucleicos (DNA e RNA) e \(irus foi obtida através de métodos cristalograficos.

Cerca de 60 anos se passaram desde que os primeiros monocristais de proteinas foram
obtidos por Sumner (enzima ureasa) e Northrop & Herriot (pepsina, tripsina e quimotripsina).
Depois disso, foram necessérios 30 anos até ser produzido, por técnicas de difragio de raios-
X, o primeiro mapa de densidade eletronica a baixa resolugdo de uma proteina, a mioglobina
de baleia (Kendrew et al., 1958, Nature, 181, 662), logo seguido pelo mapa a baixa resolugio
da hemoglobina (Perutz et al., 1960, Nature, 185, 416), feito que valeu o Prémio Nobel a
estes autores. Desde entdo cerca de 800 estruturas de proteinas foram determinadas a média




e alta resolug@o e a informagdo estrutural acumulada até o momento € a responsdvel maior
pelo nosso entendimento presente das bases moleculares da atividade biolé6gica.

Pela qualidade e precisdo dos resultados obtidos, a Cristalografia de Proteinas tornou-
se central para a Enzimologia, a Biologia Molecular e a Imunologia, devido 2 sua capacidade
unica de produzir modelos estruturais detalhados de macromoléculas, em termos das
coordenadas de seus d4tomos. Além disso, quando combinada com os recentes
desenvolvimentos na caracterizagdo e produgdo de novas proteinas por técnicas de
recombinagdo do DNA e engenharia genética, a Cristalografia de Proteinas juntamente com
as técnicas de predi¢do de estruturas e computagdo grafica molecular, sdo as ferramentas
bésicas para a andlise racional do desenvolvimento de novas drogas e vacinas, bem como
para a engenharia de proteinas inéditas.

A importincia da informagdo estrutural sobre macromoléculas, como a obtida por
difragdo de raios-X em monocristais, € enfatizada pelo crescente interesse na d4rea,
acompanhado por um espetacular aumento no investimento de recursos que os governos dos
paises do primeiro mundo, através de seus 6rgdos financiadores de pesquisas e de suas
institui¢des de pesquisa e acad€émicas, juntamente com todas as grandes inddstrias quimicas,
farmacolégicas e de biotecnologia, tem feito. Sem didvida os préximos anos assistirdao a uma
explosdo nas aplicagdes da biotecnologia nas dreas médica, tecnolégica e industrial, talvez
comparével apenas a grande explosio nas aplicagdes da micro-eletrénica na presente década.

Todas as indudstrias farmac€uticas, biotecnolégicas e de quimica fina t€ém hoje
laboratérios préprios de Cristalografia de Macromoléculas, e cada vez mais as informagdes
estruturais obtidas nestes laboratérios vém sendo tratadas com sigilo industrial. Pafses que
se distanciarem muito dos avangos qﬁe ora se fazem neste ramo do conhecimento correm o
risco de se tornarem dependentes em dreas estratégicas como a produgdo de alimentos, de
materiais e processos industriais especiais.

Dentro deste contexto se insere o trabalho que esta Introdugdo vem a preceder.
Apresentamos, de forma sistematizada, o resultado do trabalho que desenvolvemos nos
ultimos cinco anos, periodo em que nos propusemos a estabelecer, no Departamento de Fisica
e Ciéncia dos Materiais do IFQSC/USP, o primeiro laboratério na América Latina com
competéncia, recursos humanos e equipamentos, para fazer pesquisa competitiva em
Cristalografia de Proteinas e Biologia Estrutural.



No Capitulo II € descrito nosso trabalho com a enzima Glucosamina-6-Fosfato
Deaminase, da bactéria Escherichia coli, a primeira protefna cristalizada no Brasil, e cuja
estrutura tridimensional, completamente determinada em nosso laboratério pela técnica de
substituigdo isomorfa de 4tomos pesados, estd em fase final de refinamento.

No Capitulo HI apresentamos os trabalhos relativos a determinagdo da estrutura da
protefna sérica humana denominada Componente P de Amiléide, um pentidmero de peso
molecular 123000 daltons. Esta proteina sérica apresenta singular afinidade de ligagdo a
cromatina, deslocando seletivamente a histona H1. Também est4 associada a doengas como
Amiloidose € Doenga de Alzheimer. Esta proteina foi cristalizada e sua andlise estrutural
iniciada durante meu doutoramento no Birkbeck College, University of London. Continuamos
a colaborar com o grupo do Prof. Tom Blundell neste projeto € o resultado foi a completa
determinagdo da estrutura, apresentada pelo manuscrito submetido a publicagido na revista
Nature.

No Capitulo IV € apresentado um trabalho desenvolvido na 4rea de Metodologia na
determinagdo de estruturas de proteinas por difragdo de Raios-X. Este trabalho propde uma
nova ferramenta para a aplicagdo do método de substituigdo molecular a qual resultou, em
desenvolvimentos posteriores por um dos co-autores do trabalho, no estabelecimento de um
conjunto de programas computacionais que constituem o estado da arte na determinagdo de
estruturas de novas proteinas nos casos em que hd proteinas homélogas com estrutura
conhecida.

No Capitulo V ¢ abordado um problema de interesse a biotecnologia na agricultura,
com o estudo estrutural de proteinas de reserva de sementes de plantas. Em particular ¢
descrito o trabalho de modelagem molecular de proteinas do tipo Prolaminas da semente de
Coix, um membro da familia do milho e sorgo.

No capitulo VI sio apresentados diversos trabalhos de detcmﬁhagéio de estruturas de
moléculas pequenas, vérias das quais com interesse biolégico e farmacolégico. Em particular
algumas estruturas de complexos de ruténio com potencias propriedades antitumorais sdo
descritas.



II. Glucosamina-6-fosfato Deaminase

Neste capitulo descrevemos a cristalizagdo e determinagdo estrutural da enzima
Glucosamina-6-Fosfato Deaminase de Escherichia coli. Esta enzima, cujas caracteristicas e
interesse sdo descritos abaixo, resultou ser a primeira proteina inédita cristalizada no Brasil.
As amostras de proteina purificada foram fornecidas pelo Prof. Mario Calcagno, da
Universidade Nacional Autdonoma do México, € posteriormente cristalizadas e estudadas
cristalograficamente em nosso laboratério. A estrutura foi determinada pelo método cldssico
da Substituigio Isomorfa de Atomos Pesados. Os mapas de densidade eletronica obtidos
permitiram a identificagdo do caminho da cadeia principal e da maioria das cadeias laterais.
A seguir apresentamos suscintamente os principais resultados que levaram a determinagao

da estrutura. O refinamento completo a alta resolugdo do modelo estrutural estd em
andamento e seréd discutido quando da defesa oral deste trabalho.

A completa determinagdo desta estrutura implicou no desenvolvimento de
competéncia em todas as etapas criticas na técnica cristalogréfica: processos bioquimicos de
preparagdo, caracterizagio e andlise de proteinas; cristalizagdo de amostras biolégicas; coleta
e processamento dos dados de difragdo; preparagdo e andlise de derivados isomorfos de
dtomos pesados; cédlculo de fases dos fatores de estrutura; interpretacdo dos mapas de
densidade eletrOnica; refinamento da estrutura a alta resolugao.

II.1 Introducao

Em muitas espécies, amino-aéﬁcares tem uma fung@o especifica tanto como unidade
estrutural quanto como fonte de energia. Amino-agiicares s3o componentes essenciais das
paredes celulares € dos lipo-polissacarideos e, na aus€ncia de amino-agicares exogenos no
meio, € induzida a expressdo de glucosamina sintetase para sintetizar glucosamina (GlcN)
a partir de glutamina e D-frutose-6-fosfato (Fru6P). Por outro lado o crescimento bacteriano
na presenga de amino-agicares como N-acetil-glucosamina (GlcNac) e GIcN induz a
expressdo das enzimas necessdrias para o seu metabolismo a Fru6P e daf a via glicolitica
(White, 1968; Plumbridge, 1991).

Glucosamina-6-fosfato deaminase catalisa a conversao reversivel de D-glucosamina-6-
fosfato (GIcN6P) em D-fructose-6-fosfato (Fru6P) e amodnia. A reag@o catalisada € uma
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isomerizagdo tipo aldose-cetona acoplada com uma aminagdo-deaminagdo, o chamado
rearranjo de Amadori (Hodge, 1955). A enzima, que tem sido identificada em vdrios outros
microorganismos e tecidos animais (Noltmann, 1972), quando purificada de Escherichia
coli B (EC 5.3.1.10) resulta ser um homopolimero hexamérico com subunidades de 29.7kDa,
exibindo uma intensa cooperatividade homotrépica modulada por (GlcNAc6P) (Calcagno et
al., 1984; Altamirano et al., 1987). O gene que codifica a glucosamina-6-fosfato deaminase
foi identificado, clonado e sequenciado (Rogers et al., 1988; Plumbridge 1989) e uma
linhagem que sobre-produz a enzima foi obtida por Altamirano et al. (1991). Uma busca na
base de dados de sequéncias OWL (Bleasby & Wootton, 1990) (34000 entradas), mostrou
que nao existe homologia significativa com qualquer outra familia de proteinas conhecida.
A previsio da estrutura secunddria baseada na sequéncia de aminoécidos e apoiada por
espectroscopia de dicroismo circular (Altamirano et al., 1991), sugere que a enzima possui
uma estrutura /8 dominante. Dos quatro residuos Cys na sequéncia, dois sao tituldveis com
a enzima no seu estado nativo e outro com a cadeia aberta pela presenga de SDS. O quarto
residuo Cys € exposto s6 sob condigdes de redugio, o que levou aos autores que estudaram
a caracterizagao bioquimica da protefna a sugerir a presenga de uma ponte dissulfeto entre
cadeias (Altamirano et al.,, 1992), resultado este ndo confirmado pelos nossos estudos
cristalograficos.

I1.2 Cristalizacao, caracterizacao dos cristais, coleta de
dados de difracao por monocristais da proteina nativa
e determinacao da simetria nao-cristalogrifica.
Publicacao no Journal of Molecular Biology.

Estes resultados estdo apresentados no trabalho a seguir. A Figura II.1 mostra alguns
cristais de glucosamina-6-fosfato deaminase.

HORJALES,E., ALTAMIRANO,A.A.,, CALCAGNOM., DAUTER,Z, WILSONK,
GARRATT,R.C and OLIVA, G.
"Crystallization and Preliminary Crystallographic Studies of Glucosamine-6-Phosphate
Deaminase from Escherichia coli K12."
J.Mol.Biol., 226, 1283-1286, 1992.



Figura IL1  Cristais de Glucosamina-6-fosfato deaminase.



De acordo com as politicas editoriais, este artigo nao pode ser depositado em
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USP (bib@ifsc.usp.br)

HORJALES, E.; ALTAMIRANO, M. M.; CALCAGNO, M. L.; DAUTER, Z.; WILSON, K.;
GARRATT, R. C.; OLIVA, G. Crystallization and preliminary crystallographic studies of
glucosamine-6-phosphate deaminase from Escherichia coli K12. Journal of Molecular
Biology, New York, v.226, p.1283-6, 1992



I1.3 Preparacio de Derivados Isomorfos de Atomos
Pesados.

O mais importante e frutffero método desenvolvido para a solugdo do problema das
fases na determinagao de estruturas macromoleculares por difragao de raios-X € o método
da Substituigdo Isomorfa Miiltipla (MIR). Inicialmente proposto por Perutz e colaboradores
na determinagdo da estrutura da hemoglobina (Green et al., 1954), o0 método MIR tem sido
utilizado para resolver a maioria das estruturas de proteinas determinadas
cristalograficamente.

O método consiste na introdugdo de 4tomos pesados na matriz cristalina. Os dtomos
pesados deveriam idealmente substituir um grupo "leve", usualmente uma molécula de
solvente, sem introduzir modificagdes significativas na estrutura da prépria proteina. Esta
ligagdo deve ser especifica de forma que os 4tomos pesados liguem-se identicamente em
todas as moléculas de proteina do cristal.

O processo de determinagio de fases dos fatores de estrutura da proteina nativa a
partir das amplitudes de difrag@ao dos cristais nativo e derivados est4 resumido na Figura I1.2
abaixo. Sejam F, e Fp, os fatores de estrutura complexos dos cristais de proteina nativa e
derivado isomorfo para uma dada reflexdo hkl e Fy a contribui¢do dos dtomos pesados ao
espalhamento. O relacionamento entre estas grandezas complexas, expresso pela igualdade
Fpu = Fp + Fy, estd representado no diagrama de Argand da Figura I1.2.

EIXO 4
IMAGINARIO

Figura I1.2 Relagdo entre os vetores Fp, Fpy € Fy para uma dada reflexdo (o
"tridngulo de fases") (Blundell & Johnson, 1976).
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Tendo medido as amplitudes F, ¢ Fp; em experimentos de difragdo ¢ supondo
possivel a determinagdo das posigdes dos 4tomos pesados na cela unitéria do cristal (i.e., Fy
pode ser calculado em médulo e fase) entio a construgao gréfica representada na Figura 11.3
pode ser utilizada para a determinagdo das fases dos fatores de estrutura da protefna nativa
ap,. A ambiguidade resultante na determinagdo de o, (vetores OG ¢ OH na Figura 11.3 sdo
solugdes possfveis) pode ser resolvida se um segundo derivado isomorfo for utilizado, como
mostrado na Figura I1.4. Uma descrigao completa do método da Substituigdo Isomorfa
Miiltipla encontra-se no livro texto de Blundell & Johnson (1976).

EXXo
MAGNARIO
N
F"
] Tr: [!;
|9 REAL
(3

Figura IL3 A construgao de Harker para a determinagdo de fases pelo método de
Substitui¢do Isomorfa Simples.

Figura I1.4 A construgdo de Harker para a determinagdo de fases pelo método de
Substituigao Isomorfa Miltipla com dois derivados.
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Devido 2 falta de homologia da Glucosamina-6-fosfato deaminase com qualquer outra
familia de protefnas conhecida, a resolug@o da estrutura molecular foi realizada pelo método
de Substituigdo Isomorfa Muiltipla.

A preparagdo de derivados isomorfos de dtomos pesados se faz pela técnica de
difusdo em solugdo: cristais de proteina nativa previamente obtidos sdo acondicionados em
solugdes identicas a solugdo de cristalizagdo a qual se adiciona o composto de dtomo pesado
desejado, como representado na Figura I1.5 abaixo.

+
droplet (10p erystals selecnd and transferred
®© heavy stom solution

vacuum

greass

conoentrated T precipitant + heavy
precipitant solution RN e P 2 stom solution

(buffered)

Figura ILS Representagdo esquemdtica do método de preparagdo de derivados
isomorfos pela técnica de difusdao em solugao.

Pela natureza do empacotamento cristalino de macromoléculas, canais de solvente se
formam ao longo do cristal, os quais constituem o caminho pelo qual a difusio se processa.
Cadeias laterais de aminodcidos polares frequentemente encontram-se expostas aos canais de
solvente e, em casos favordveis, apresentam configuragdo espacial que favorece a ligagdo
especifica de 4tomos pesados. Encontrar o dtomo pesado ideal para a preparagio dos
derivados isomorfos implica numa busca sistemdtica com o procedimento ciclico
representado na Figura I1.6.
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select heavy atom selt thet
dissolves in crystallization buffer

prepere solution st concentration
C) = ImM

smal] crystals soaked in
heavy atom solution for 24h

prepare H.A solution NO ]
at concentration

05IC] OK?

soak a large crystal in HA
solution for 24h

collect a medium resolution
diffraction dataset (3A)

Collect a full dataset

Figura I1.6 Procedimento ciclico para a busca sistemética de derivados isomorfos de
4dtomos pesados de cristais de proteinas.
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Seguindo o procedimento acima foram obtidos dois derivados, com os compostos
K,PtCl, Mersalyl. As condigdes ideais estdo sumarizadas na tabela abaixo.

Tetracloro-
platinato Mersalyl
de potéssio
F6rmula quimica K,PtCl, C,;H,;HgNO,
Concentragio 1 mM 0.1 mM
Tempo de Difusio 48h 24h
Temperatura 18 °C 18 °C
Solugdo tampao Fosfato de Na/K Fosfato de Na/K
1.2M 1.2M
pH 8.2 8.2

Todas as coletas de dados de difragdo, tanto a baixa resolugio durante o procedimento
de busca sistemaética quanto a coleta de dados final a alta resolugdo foram realizadas no
sistema de difragdo de raios-X para proteinas equipado com gerador de anddo rotatério e
detetor de 4drea com placa de imagens adquirido com apoio de projeto PADCT/SBIO e
instalado em nosso laboratério em Dezembro/1992. Este sistema faz uso de um novo tipo de
detetor de é4rea para raios-X baseado na capacidade das chamadas Placas de Imagens (Fuji
Photo Film, Ltd.) de armazenar intensidades de raios-X como imagens latentes na forma de
centros de cor (Takahashi et al., 1984; Takahashi et al., 1985; Amemyia er al., 1987). Estes
sdo o resultado do aprisionamento de elétrons excitados em cristais de BaFBr:Eu**, como
indicado na a estrutura de bandas de energia associada ao mecanismo de Luminescéncia
Foto-estimulada nestes cristais, represc'htada na Figura I1.7. Por absor¢do de raios-X ou
radiagdo UV, parte dos ions Eu*? sdo excitados a Eu*? e elétrons sio liberados para a banda
de condugido, sendo entdo aprisionados em centros F'. Por irradiagdo por luz visivel, estes
elétrons sao novamente liberados para a banda de condugao, retornando entdo ao estado de
fons Eu*’, os quais decaem para fons Eu*? excitados produzindo a luminescéncia. As imagens
armazenadas s3o assim lidas por varredura da placa com um laser de He-Ne. A
luminescéncia estimulada resultante, na cor azul, tem intensidade proporcional ao nimero de
fétons de raios-X absorvidos (Figura I1.8). O instrumento € caracterizado por uma alta
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eficiéncia quéntica, faixa dindmica linear e rufdo intrinseco muito pequeno, o que o torna
ideal para a coleta de dados de cristais de protefnas.

CONDUCTION BAND

= . —
T3
| —2eV
! 11y
4.6eV 3.2eV
6eV 8.3eV

=

|
|
I
:
i

VALENCE BAND Eu? e T Eu™

— EXCITATION PROCESS
< — PSL PROCESS

Figura IL7. O mecanismo de luminescéncia fotoestimulada em BaFBr:Eu®'.

LASER BEAM

GUIDE
PHOTOMULTIPUER
TUBE

IMAGING PLATE

Figura IL8 Representagdo esquemdtica do processo de registro da imagem, leitura
e regeneragdo de uma placa de imagens.

20



A Figura I1.9 mostra uma representagiao esquem4tica do sistema RAXIS-IIC instalado
no nosso laboratério. A configuragdo padrdao utiliza um gonidémetro de um iinico circulo
(eixo ¢) para orientagdo do cristal. O arranjo com duas placas de imagens permite a
exposigao e leitura simultineas. As duas placas sdo conectadas através de um mecanismo na
base do instrumento de forma que quando uma placa é movida em posigao para a coleta de
dados, a segunda placa € posicionada para ser lida com o conjunto laser/fotomultiplicadora.
O arranjo 6ptico do sistema de leitura é usado tanto para irradiar a placa de imagens com
a luz do laser de He-Ne quanto para coletar a luz proveniente da luminescéncia
fotoestimulada. A luminescéncia emitida por incidéncia do feixe de laser € convertida em um
sinal analégico por um tubo fotomultiplicador. Ao final de cada leitura, a imagem €
completamente apagada pela exposigao a luz visivel intensa. A placa pode entdo ser utilizada
novamente para coletar um novo espectro de difragdo. O processo completo é controlado
automaticamente por um computador ¢ as imagens, inicialmente armazenadas no
microcomputador de controle, sdo transferidas para uma estagdo gréfica de alta resolugio
para posterior processamento e anélise.

Figura IL9 O sistema Rigaku RAXIS-IIC para coleta de dados de difragao de raios-
X com detetor de placas de imagens.

Um sumdrio com os resultados das coletas finais de dados de difragdo de raios-X de
cristais dos derivados isomorfos de K,PtCl, e Mersalyl encontra-se na tabela abaixo.
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Tetracloro
platinato Mersalyl
de potéssio (II)

Mixima Resolugio 2.5A 3.0A
Indice de concordancia interno 8.2% = 9%
Reflexdes Medidas 51,818 -
Reflexdes Independentes 22,611 10,327
Completeza dos dados 95.5 % 74.0 %
Diferengas Isomorfas Médias 26.8 % 16.3 %

As posigoes dos dtomos pesados foram determinadas por métodos de superposigdo
de vetores e mapas de Fourier Diferenga cruzados. O refinamento dos &tomos pesados foi
feito no espago de Patterson utilizando-se somente as diferengas isomorfas. Os pardmetros
finais encontrados foram (em coordenadas fraciondrias):

Ocupacéo X Y yA B (A?2)
HG 0.4121 0.4953 0.1284 0.0207 20.00
HG 0.4608 0.1787 0.1195 0.0534 20.00
HG 0.2059 0.2124 0.1425 0.0641 20.00
HG 0.2553 0.6197 0.3392 0.0499 20.00
HG 0.2156 0.5181 0.1581 0.0103 20.00
PT 0.7135 0.1101 0.0616 0.1587 20.00
PT 0.6748 0.5744 0.2375 0.1176 20.00
PT 0.5789 0.3944 0.3536 0.0740 20.00
PT 0.6025 0.5123 0.1353 0.1358 20.00
PT 0.5301 0.1679 0.3293 0.1145 20.00
PT 0.5154 0.4654 0.2800 0.1554 20.00
PT 0.3325 0.0347 0.3078 0.0855 20.00
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As fases dos fatores de estrutura da protefna foram calculadas pelo método de
Substituigdo Isomorfa Miiltipla descrito brevemente acima. A figura de mérito final foi de
0.512 incluindo todos os dados disponfveis até 2.5A.

11.4 Interpretacao do Mapa de Densidade Eletronica.

O mapa final calculado com amplitudes medidas ¢ fases obtidas por MIR mostra
fronteiras claras entre a regido da proteina e a regido de solvente na cela unitdria (Figura
I1.10). Com o objetivo de melhorar as fases experimentais, aplicou-se o procedimento de
nivelamento do solvente (Wang, 1985), no qual a densidade eletronica da regido
correspondente ao solvente € igualada a um valor fixo (densidade média prevista para o
solvente, conhecidos os reagentes de cristalizagdo) e novas fases sdo calculadas por anti-
transformagdo de Fourier no mapa modificado.

O mapa resultante, calculado com fases até 2.5A de resolugdo, apresentou excelente
qualidade, com todos os elementos de estrutura secunddria plenamente identificdveis na
densidade eletronica. Na Figura II.11 ve-se partes tipicas do mapa de densidade eletronica
para uma regido com estrutura de hélice-a (a) e folha B paralela (b). Este mapa foi
interpretado com um modelo atdmico € a representagdo do enovelamento da cadeia proteica
encontra-se na Figura II1.12. A estrutura consiste essencialmente de uma folha B paralela de
7 fitas, entrelagas por hélices-a empacotadas sobre as faces superior e inferior da folha 8,
numa corformagio do tipo (0/B),, i presente em outras familias de proteinas como as
desidrogenases.

O modeld atdmico final esta sendo refinado com os dados completos de difra¢do dos
cristais da enzima nativa que se estendem a 2.1A de resolugio.
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Figura IL.12 Enovelamento da cadeia principal do mondmero de Glucosamina-6-fosfato
deaminase em duas orientagdes. (Programa RIBBONS)
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III. Proteina Sérica Humana Componente P de
Amiléide

1.1 Introducao

A protefna sérica humana Componente P de Amil6ide (SAP) é uma glicoproteina
normal do plasma, presente em concentragdes de cerca de 40 mg.I", tendo sido inicialmente
encontrada como um componente menor, nao-fibrilar, de dep6sitos de amil6ide (Pepys et al.,
1982). Ela est4 presente em todas as diferentes formas de amiloidose, incluindo as placas
intracorticais associadas a doenga de Alzheimer. SAP pertence a familia de proteinas
conhecida por "pentraxinas”, da qual, o outro membro presente no homem € a Proteina
reativa C (CRP), uma das mais conhecidas proteinas de fase aguda (Pepys & Baltz, 1983).
Estas macromoléculas apresentam um tipico arranjo de subunidades ligadas nio-
covalentemente com simetria pentamérica ciclica, numa configuragdo de um disco plano.
SAP e CRP humanas compartilham 51% de identidade de amino4cidos na sequéncia. Esta
figura sobe para 66% se substituigdes conservativas sao consideradas (Ohnishi et al., 1986).
Proteinas com sequéncias homélogas e com a mesma estrutura quaterndria pentamérica estiao
presentes no soro de todos os vertebrados nos quais ela foi buscada (Lei et al., 1985).
Nenhuma pessoa foi encontrada até hoje que ndo apresente SAP ou CRP em seu soro,
indicando que estas moléculas certamente desempenham importante papel biolégico.

Em adigdo a conservagdo da estrutura, todas as pentraxinas compartilham a
propriedade de ligagdo célcio-dependente a substratos, ainda que a diferentes ligantes. No
caso de SAP, esta propriedade € responsével pela sua ligagdo aos depésitos de amiléide, uma
vez que todos estes dep6sitos fibrilares contém ligantes aos quais SAP apresenta afinidade
célcio-dependente (Pepys et al., 1979).

Recentemente foi demonstrado que SAP € a proteina sérica de maior afinidade de
ligagdo especifica a DNA e cromatina nuclear, também de uma maneira célcio-dependente
(Pepys & Butler, 1988). Portanto a fungio fisiolégica in vivo de SAP pode estar relacionada
a manipulag@o destes materiais quando eles forem expostos ou langados em circulagio por
células mortas ou danificadas. Al€ém disso, foi encontrada homologia marcante entre trechos
das sequéncias altamente conservadas nas pentraxinas e certas regides nas porgdes globulares
das histonas H1 e H4 supostamente envolvidas na ligagdo com DNA.
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Estas observagdes sugerem que SAP é muito importante, tanto fisiologicamente
quanto fisio-patologicamente, ¢ que a elucidagdo de sua estrutura tridimensional € de
interesse ndo apenas na identificagdo das bases moleculares de suas interagdes, como também
do ponto de vista clfnico.

Cada subunidade de SAP humana é composta de 204 amino4cidos, com uma tnica
ponte dissulfeto intra-cadeia, e carrega um tnico oligossacarideo. Micrografias eletronicas,
estimativas de peso molecular por anélise de sedimentagdo (Painter et al., 1982) e estudos
de espalhamento de raios-X e neutrons a baixo angulo (Perkins & Pepys, 1986) indicam que
sob condigdes fisiolégicas SAP se apresenta como decameros, com dois discos pentaméricos
interagindo face-contra-face.

I11.2 Trabalhos publicados no Journal of Molecular Biology,
Journal of Crystal Growth, capitulo no livro Acute
Phase Proteins in the Acute Phase Response e trabalho
submetido a Nature.

Sob condi¢des de baixo pH e alta forga idnica, SAP foi cristalizada de forma
adequada para a andlise por difragdo de raios-X. A cristalizagdo, caracterizag@o inicial e
determinagdo da espécie pentamérica cristalizada bem como a simetria ndo cristalografica
estdo descritas nas seguintes publicagoes:

WOOD, S.P.,, OLIVA, G., O'HARA, B.P., WHITE, H.E., BLUNDELL, T.L., PERKINS,
S.J., SARDHARWALLA, 1. & PEPYS, M.B.
" A Pentameric Form of Hurhan Serum Amyloid P Component. Crystallization, X-Ray
Diffraction and Neutron Scattering Studies."
J.Mol.Biol, 202, 169-173, 1988.

O’HARA, B.P,, WOOD, S.P,, OLIVA, G. & WHITE, H.E.
"Crystallizations of Human Serum Amyloid P Component (SAP)".
Journal of Crystal Growth, 90, 209-212, 1988.

Os resultados iniciais da determinagdo da estrutura pela técnica de Substituigdo
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Isomorfa Miiltipla estdo descritos no trabalho publicado como capftulo do livro intitulado
Acute Phase Proteins in the Acute Phase Response :

WHITE H.E., O'HARA B.P,, OLIVA, G., BLUNDELL,T.L., PEPYSM.B. & WOOD,S.P.
"The Three Dimensional Structure of SAP"
In, Acute Phase Proteins in the Acute Phase Response, ed. by M.B.Pepys, London,
Springer-Verlag, pp.123-136., 1989

A completa determinagdo e refinamento da estrutura da proteina nativa, a
identificagdo dos sitios de ligagdao dos ligantes MOBDG e Fosfoetanolamina em mapas de
Fourier Diferenga e a interpretagdo das caracteristicas funcionais da proteina a luz dos
resultados estruturais estio apresentados no manuscrito submetido recentemente para
publicagdo na revista Nature. Figura II1.1 mostra a estrutura do mondmero e pentimero de
SAP.

EMSLEY, J.,, WHITE, HE,, O'HARA, B.P, OLIVA, G., SRINIVASAN, N., TICKLE, LJ.,
BLUNDELL, T.L., PEPYS, M.B. and WOOD, S.W.
"The 3D structure of pentameric human serum amyloid P component defined at 2A
resolution reveals a lectin-like fold and calcium mediated ligand binding"
Submitted to Narure, August 1993.
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(b)

Figura ITII.1 Enovelamento da cadeia principal do mondmero (a) e pentdmero (b) da
proteina sérica humana Componente P de Amildéide (SAP). (Programa
RIBBONS)
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Chapter 10

The Three Dimensional Structure of SAP

H. E. White, B. P. O’Hara, G. Oliva, T. L. Blundell, M. B.
Pepys and S. P. Wood

Serum amyloid P (SAP) component and C-reactive protein (CRP) are members
of a closely related family of pentameric or decameric proteins called pentraxins
which are involved in amyloidosis and the acute phase response (Pepys and Baitz
1983). Although CRP was crystallised in 1947 (McCarty 1947), no detailed three
dimensional structural information has been obtained by X-ray analvsis. How-
ever. several recent reports of CRP (DeLucas et al. 1987) and SAP (Wood et al.
1988) crystals have demonstrated that this is now a realistic objective. In this
paper we review progress made on the X-ray analysis in our laboratory. and
describe for the first time preliminary, medium resolution electron density maps
of a pentameric form of SAP.

As isolated from human serum in calcium free media. SAP has a molecular
weight of 254000 and comprises 10 subunits each of 204 amino acids. Each
subunit contains a single intrachain disulphide bridge, and carries a single
asparagine linked complex oligosaccharide which contributes about 89z of the
total mass. CRP on the other hand has a molecular weight of 115000 and
comprises tive subunits. each of 206 amino acids with no attached carbohydrate.
The amino acid sequences are included in Fig. 10.11.

The pentagonal arrangement of subunits. in disks $5-110 A diameter and 30-
40 A deep have been reported by various researchers (Osmand et al. 1977:
Painter et al. 1976: Pepvs et al. 1977; Baltz et al. 1982a) for both proteins. Human
SAP appeurs as two disks interacting through their planar faces (Fig. 10.1).

Our attempts to crystallize these proteins began in 1985 and quickly led to a
crystal form of human SAP suitable for high resolutioa structure analysis (Oliva
et al. 1986). Large prnismatic crystals could be grown in +-5 weeks from protein
solutions contaiming calcium tons, at pH 5.5 (Fig. 10.2). The preliminary
crystallographic detatls for this form and a number of others grown subsequentlv
(O’Hara et al. 1988) are summarized in Table 10.1.

X-ray diffraction data for the original crvstal form were measured to 3.5 A
resolution and the non-crystallographic symmetry was examined using the fast
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Fig. 10.2a. Prismatic crystals of SAP (dimension 0.5-1.0 mm) grown at pH 3.5 in the presence of
calctum ons. {Figure continued on p. 125.)
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Table 10.1. Crystal forms of SAP
Shape Conditions Space Cell
group . N . -
i i 535 6.8 96.1
. Pnismatic pH 33 P2, 69.0 99.3 9
2. Prismatic pH 3.3Ca/MOBDG P2, 69.0 99.3 96.8 96.1
3. Rods/plates pH 8. Ca ? i
4. Rods pH 8. Co/MOBDG 2, 121.6 108.9 1172 94.5
5. Rods pH 5.5Sr Ver};soft i
6. Prismatic pH 5.3Ba P2, 60.7 106.5 103.0 946
7. Prismatic pH 3 3/La 2, 40 1643 185.0 95.0




rotation function of Crowther (1972). The rotation function showed 52 symmetry
as expected for a decamer in the asymmetric unit of the crystal. However, the
volume of the crystal unit cell was not large enough to accommodate such a
decamer together with the quantity of solvent usually found in protein crystals
(Wood et al. 1988). The apparent 2-fold symmetry was subsequently found to be
an attribute of the calculation at low resolution but the implication that SAP was
present in a pentameric form was not consistent with the expected decameric
organisation of the molecule. Low angle scattering of neutrons and X-ravs by
solutions of SAP and CRP (Perkins and Pepys 1986) showed that. at neutral pH.
SAP exists as a monodisperse population of decamers independent of protein
concentration. while CRP shows evidence of aggregation of pentamers to higher
oligomers with increasing protein concentration (Fig. 10.3). However. further
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Fig. 10.3a,b. Plots of the a relative molecular weights (I{o)/c ~ the forward scattering X-ray
intensity) and b radius of gyration (Rg) for SAP and CRP as a functioa of protein concentration.
determined by low angle X-rav scattering of protein solutions, show the aggregation tendency for
CRP and the farger more stable molecular forin for SAP (Perkins and Pepys 1986).
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Fig. 10.3. The svnthetic monosaccharide. methyvi 4.6-O-(1-carboxyethylidene)-#-D-
galactopyranoside (MOBDG) which has been used to conirol the rate of SAP crvstal growth and
maodify the crystal form

measurements carried out in the crystallization soivent buffer showed that the
SAP had dissociated into pentamers. Gel filtration experiments confirmed the
pentameric nature of SAP under these conditions and. furthermore. demon-
strated that SAP could be readily converted between pentameric and decameric
forms simply by suitable buffer exchange {Wood et al. 1988}).

In Table 10.1 are listed several additional crystal forms of SAP which were
grown subsequently and which raise further questions about the aggregation state
of the molecule. At pH 5.5 we found that the galactose derivative (MOBDG)
(Fig. 10.4) shown by Pepys and co-workers (Hind et al. 1984a), to be the
constituent of agarose to which SAP binds in the presence of calcium ions.
dramatically slows the rate of crystal growth but does not affect the final product.
From precipitates of SAP which rapidly develop on adding calcium ions at pH 8
(Baltz et al. 1982b). distinctive plates and prisms grew together. When MOSDG
was included at pH 8 the normal precipitation was not observed. but overnight at
4° Crod shaped crvstals grew. The volume of the asymmetric unit of these crystals
was large enough to accommodate a decamer of SAP (O’Hara et al. 1988). Slow
cooling of this mixture. however, gave rise to the crystal form seen at pH 5.5.
These experiments again indicate that the equilibrium between pentameric and
decameric SAP populations can be readily perturbed to provide different
crystalline forms. Further recent neutron scattering experiments at pH 3 in the
presence of calcium ions and MOBDG indicate a pentameric population of SAP
molecules (S. Perkins. unpublished observations). We have successfullv substi-
tuted other metals such as strontium, barium and lanthanum for calcium in the
crystallization of SAP but there is clearly disturbance to the crvstal lattice with
these other metals.

In Fig. 10.5 some of these observations are summarized together with some
implications in cartoon form. The central point seems to be that in the presence of
calcium ions the pentamer~decamer equilibrium is displaced towards pentamers
which at near neutral pH can only be retained in solution by co-ordination of
MOBDG. In its absence, calcium-mediated intermolecular interactions lead to
precipitation (Baltz et al. 1982b; Hind et al. 1984b). At lower pH. calcium
binding via sidechain carboxvlates would be somewhat less favourable and
calcium does not precipitate SAP at pH 5.5. However, MOBDG can still compete
for the calcium-mediated intermolecular interaction and retard crystal growth.
This proposed role for calcium involvement in the interactions between pen-
tamers seems to be confirmed by the packing changes observed with other metals
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Table 10.2. X-ray data sets collected for SAP

. . Crystal Collection Resolution Refls. Refls. R svmmetry (%)
O"'“ MO O " ’ method (A) measured  unique
TS :
- . ra ; Native Diffractometer 5.6 10341 4112
~— 8 — 0O AGAROSE K,PtCl, Diffractometer 6.0 7387 3372
D) ' Na,WO, Diffractometer 6.0 6574 3294
C O N\ Native Fast 38 8IS 11802
7 . ThiNO.). Fast 40 34176 9521

38419 12107
96114 29551
345000 RO
4177 15119
6272 5639

/ NAT/PE" Diffractometer

h i % i ) . NAT/Ba” Fast . 77468 17078
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such as barium. Calcium pentamers form prismatic crystals rather slowly while
rapid growth at pH 8 traps what appears to be a decameric form. The ease with
which the SAP aggregation state can change, in particular in respoase to calcium
ions. raises the question of what form is involved in ligand binding. The cartoon in
Fig. 10.5 implies that pentamers associate with agarose in the presence of calcium
ions. and following elution of SAP with EDTA the protein reassociates to form } e :
decamers. In serum, SAP sediments as a decamer in spite of calcium ion S
concentrations capable of causing precipitation in the isolated protein (Baltz et ' - e
al. 1982b). More quantitative data on the aggregation behaviour of SAP is
required in order to determine the species that interacts with natural ligands.
A variety of different X-ray data sets have now been collected (summarized in
Table 10.2). The native protein data measured by oscillation photography at the
Daresbury synchrotron source extend to 2 A resolution (Fig. 10.6). Many
atternpts have been made to produce suitable heavy atom denivatives of the SAP
crystals. Most of the more commonly used reagents have not been successful. Of
the denivative data sets collected so far, only those for thorium nitrate and
tungsten-cluster soaked crvstals has been of use in phase calculation. Two binding

Fig. 10.6. An oscillation photograph ( = 1.1°) of a human SAP crystal taken at the Daresbury
synchrotron source (A = 1.488 A) showing the resolution of data collected so far (2 A).
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Fig. 10.7a Corresponds to a region of the 6 A MIR map which traverses the molecular disk. and
the averaged map in the position shows clear inner and outer boundaries ¢, b and d ¢orrespond to
sections perpendicular to the 5-foid axis but above the molecular disk. and after averaging d show
no strong electron density.

sites for thorium and three sites for tungsten were located. The tungsten cluster
apparently degrades in the crystal mother liquor. to provide a slow release of
tungstate jons. since sodium tungstate alone reacts rather vigorously and

-disorders the crystals to some extent, although binding at the same principal site.

Both of the usable derivatives suffer from severe lack of isomorphism, limiting
their phasing power to low resolution. The packing arrangement of protein
molecules in the crystal has so far not permitted a 5-fold svmmetric distribution of
heavy atom binding sites.

More good heavy atom derivatives will probably be required to determine such
a large structure but the potential power of the non-crvstailographic 3-fold
symmetry for phase extension tempted us to calculate an initial electron density
map at 6 A resolution. The map has distinctive regions related by the predicted 5-
fold symmetry. Following an extended refinement of the location of the 3-fold
axis. a single cvcle of 5-fold electron density averaging was carried out using a
large cylindrical envelope. The resultant map is shown in Figure 10.7, where the
same sections of the original 6 A MIR map and of the averaged map are
represented. Figure 10.7a and c correspond to a region of the map which traverses
the molecular disk, and indeed the averaged map shows clear inner and outer

Fig. 10.8a. A shallow slice of electron density for the SAP molecule perpendicular to the 3-fid
axis calcuiated at 3.5 A resolution revealing a molecule about 100 A across. Closer examinztion of
a small recion of one subunit (b) shows extended regions of density to which a polypeptide
fragment could be budt.
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Fig. 10.9. X-ray precession photograph (1 = 10°) for an orthorhombic crystal of human CRP

(Birkbeck).

molecular boundaries. Figure 10.7b and d

correspond to sections perpendicular

to the molecular 5-fold axis but above the molecular disk, and the averaged
sections, as expected, do not show any strong electron density. As a convincing
test. the phases from the averaged map were capable of locating the heavy atom
positions and these are situated at the exposed periphery of the subunits. We
proceeded to extend the resolution of the phase information using the S-fold
svmmetry to constrain the phases by the method of Bricogne (1976). At intervals
we checked that the heavy atoms were still detectable. Solvent flattening was also

employed (Wang 1985). At 3.5 A resolu
rather clear subunits with dimensions in
microscopy (Fig. 10.8). Some extended

tion the electron density map shows
accord with those seen by electron
regions of interconnecting electron

density are clearly visible. However, at this resolution it is not possible to follow
reliably the complete polypeptide chain, and a detailed interpretation must await

further improvement and extension of the

phases.

Structural studies on CRP are somewhat less advanced but are proceeding

steadily in three laboratories on different

crystal forms. in research by Green-

hough and co-workers (Keele/Alabama. DeLucas et al. 1987), Turnell, Bloomer
and Pepys (LMB, Cambridge/RPMS, unpublished results) and Wood et al.

(Birkbeck/RPMS, unpublished results: ort
1184 A; Fig. 10.9). Clearly, all these crysta

horhombic a = 102.5, b = 106.0, ¢ =
llographic anaivses of CRP are closely
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Fig. 10.10. CD spectra jor SAP (- ) and CRP { ) in lhc near an _ 5 I
7|§ and | mg mIPl protein concentration. showing close similarity to the peptide region but more
distinct features in the aromatic region (Young and Williams 1978).

related and a successtul structure determination for any one of them. or for SAP.
should be catalytic for solving the various other cr}:stall forms. ,
What sort of structural features do we expect to find in these molecules? Both
circular dichroism and sequence based prediction methods have provided
indications of the amount and types of secondary structure to be expected. Young
and Williams (1973) showed that SAP and CRP were very similar in the faé
ultraviolet region of the CD spectrum and estimated that there was 34% helu :w
45% sheet (Fig. 10.10). In the near UV region the spectra are more dgstmc_t.’ e
have measured the near UV spectrum of SAP in conditions which favour
pentamers or decamers at the same protein concentration. For some .protc?msat.he
trapping of aromatic sidechains at subunit interfaces during association can :w}e]
rise to very convenient changes in rotational strength which can provide rf)ug“
measure of the degree of association (Wood et al. 1975). Apart from a sma
change in the tryptophan region no major differences were observed. Aromatic
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Fig. 10.11. Summary of some amino ac;
) ¢id sequence based predictions of seco 1
! ‘ ‘econdary st
?i:(rax’q?.’Elg‘h( avalla_ble sequencesAfrom Anderson et al. (1989) were aligned a‘n; l(':f:t::seulin e
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hel T . plete sequences for human SAP (top) and CR ‘
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tnding. and a putative calcium binding region (Turnell et af. l‘)&‘i)})rc shown
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residues may therefore not be buried at the pentamer-pentamer interface (B.
O’Hara. unpublished results).

Sccondary structure prediction methods generally confirm the estimate from
circular dichroism of the amount of helix and sheet. Figure 10.11 shows a
combined prediction summary. The ordinate of the graph is a residue “likeness™
index scored at zach sequence position from a comparison of seven aligned
pentraxin sequences. using a relatedness Venn diagram based on features of size.
polarity. aromacity. ete.. for each amino acid, as proposed by Taylor (1986a.b).
Beneath the abscissa (residue number) the consensus secondary structure
prediction for human SAP. derived from seven different prediction algorithms
(available within the Leeds University sequence data base), is plotted. This figure
provides an overview of the conservation of residue type in the pentraxin family.
likely position (buried or exposed) and possible secondary structure. The
sequences shown for human SAP (upper) and CRP are much more alike than
some other members of the set analysed. Some regions of predicted sheet are
clearlv quite well conserved, particularly if they are hydrophobic and possibly
buried. Some regions are consistently predicted to be helical (e.g. 60-70). Also
included in the prediction summary are regions proposed by Turnell et al. (1988)
to be homologous with histones H1 and H4 and to be a putative helical DNA
binding region adjacent to a calcium binding region (Nguyen et al. 1986: Turnell
1989).

The physiological and pathophysiological role of SAP is of increasing interest
in vie's of the recent discovery that it is the major specific calcium-dependent
DNA and chromatin binding protein of the serum (Pepys and Butler 1987). and
the development of labelled SAP as a specific targeting agent for clinical diagnosis
of amvioidosis (Hawkins et al. 1988). It is evident that these properties and uses
of SAP are determined by its specific ligand binding properties and it is hoped
that elucidation of the protein structure to high resolution will both explain these
interactions and open the way for manipulation of protein function.
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Chapter 11

Structure, Metabolism and Function of

Acute Phase High Density Lipoprotein
F. C. de Beer, A. F. Strachan and E. G. Shephard

Introduction

e phase response is a multi-system adaptation induced by autologous cell
g::tﬁcg; b%' produc?ts of exogenous invasion (Kushner 1982). These mﬁu;fnc;
macrophages to secrete various monokines that, among other functions. a eSe
hepatic gene expression for many proteins (Ramadori et al. 1985). Thll's re;pon ¢
consists of a varietv of biochemical, cellular, honponal and metabq ic change
with characteristic increases in many plasma proteins. Serum amyloid A protein
(apo-SAA) is particularly notable in that it is normally present in trace amt:)unts u}
human serum, but the concentration increases up to 100-fold within 48 g_tllés ;)
initiation of the acute phase. (Eriksen and Benditt 1984: McAdam ‘?t al. 1 f‘the
Beer et al. 1982). Segrest et al. (1976) first note_d that a 45-residue fragment 0l e
apo-SAA cleavage product, amyloid A protein {AA), formed stz}ble CSEP' Exe;
with phospholipid. This finding preceded the discovery, by Benditt an h dn sg(
(1977), that apo-SAA is transported in human plasma mainly with hig he};)% z
lipoproteins (HDL) and is thus class:ﬁeq as an apohpoprotem. Althoug DL
(expressed as HDL cholesterol) is a significant negative acute phase reacttlz}I} ’to
can play a role in inflammation. HDL has been reported to function as a vehic el >
transfer damaged cellular constituents to the h\fer and to bind bacterial l;ﬁop%i/c
saccharides {Ulevitch et al. 1981) and neutrophﬂ _elas(_ase (Jacobetal. 19 ' ). e
function of apo-SAA rich HDL in response to injury is, however. unkng“zé Ihe
phylogenetic conservation of the association of apo-SAA with HDL sugges
it plays an important role.
‘ II)xll‘i'\lrszz.r]c insrt)ances during chronic infammation cleavage of apo—SA,.l\ &NX
11500; 104 amino acids) at the 76-77 serine-leucine bondﬁylelds amy gl A
protein (residues 1-76 of apo-SAA) (Parmelee et al. 1982). During an
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The three-dimensional structure of pentameric human SAP at high
resolution, the first reported for a pentraxin, reveals that the tertiary fold is
remarkably similar to that of the legume C-type lectins. Carboxylate and
phosphate compounds; bind directly to two calcium ions; interactions with
a carboxyethylidene rihg are mediated by Asn59 and GIn148 ligands of the
calciums. These X-ray studies indicate the probable modes of binding of

the biologically important ligands, DNA and amyloid fibrils.

HUMAN serum amyloid P component (SAP) is a decameric plasma glycoprotein composed
of identical subunits non-covalently associated in two pentameric rings interacting
face-to-face. SAP binds to all forms of amyloid fibril' and is universally present in amyloid
deposits, including the cerebral amyloid of Alzheimer's disease’. Although SAP is not
required for amyloid fibrillogenesis i1 vitro, it may protect the fibrils from degradation /n
vivo®. SAP is also the major DNA and chromatin binding protein of plasma*® and other
autologous ligands for SAP include fibronectin, C4-binding protein® and
glycosaminoglycans’; SAP is also a normal tissue matrix constituent associated with
elastic fibres® and the glomerular basement membrane’. Finally, SAP 1s a
calcium-dependent lectin, the best characterised ligand of which is the 4,6-cyclic pyruvate
acetal of 3-D-galactose (MOBDG)'°.

Human SAP shows no polymorphism or heterogeneity of its protein or its glycan''

¢
k)

and no individual deficient in SAP has yetmbeen described, suggesting that the molecule
has important functions. Furthermore, SAP and C-l'eacfi\'e protein (CRP), the classical
acute phase protein with which it shares over 50% sequence identity, belong to the
pentraxin family of plasma proteins which have been stably conserved throughout

vertebrate evolution'®!3.

The structure and structure-function relationships of SAP are
thus of considerable fundamental interest, in addition to their clinical importance which
arises from the invaluable new information provided by use of radio-labelled SAP as a

specific quantitative in vivo tracer for amyloid deposits'.
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Recently we reported the crystallisation of SAP in conditions that induce a
reversible dissociation of the decamer into a pentameric form'>. We now report the X-ray
analysis of the crystals at 2A rgsolution, defining the complete three-dimensional structure
of the pentamer. This human plasma protein has a tertiary fold which resembles that of
the legume C-type lectins, concanavalin A and pea lectin. There are two calcium sites and
these are shown to be involved in binding of carbohydrate and the synthetic ligand
phosphoethanolamine. However, the calcium sites in SAP and the calcium and manganese
sites of concanavalin A differ in their relationship to the common topology. The SAP
pentamer shows nearly perfect five-fold symmetry and sequence comparisons suggest that

very similar interactions are retained in CRP pentamers.
Three-dimensional structure

Serum amyloid P component was isolated at greater than 99% purity from pooled human
ascites and pleural effusion fluids'®. The crystals obtained at pH 5.5 in a medium
containing calcium and acetate ions as described earlier'® were of space group P2, and cell
dimensions a=68.9A, b=99.3A, c¢=96.7A and $=959°. The initial model of
pentameric SAP was based on X-ray analysis at 2.8A resolution using the multiple
isomorphous replacement (MIR) techq‘i’qu»e followed by solvent flattening'” and five-fold
molecular averaging'®. The reﬁnemén\t statistics are shown in Table 1, the legend of which
gives further details of the X-ray anal;sis. The final model was refined at 2.04 resolution
to an agreement (R) value of 0.18 to give 2 clear electron density for all residues of the
five subunits (see Fig. la).

The SAP pentamer consists of five subunits of 204 amino acid residues, each with
a closely similar three-dimensional structure constructed from anti-parallel B-strands
(A-O) arranged in two sheets as shown in Fig. 2a. The tertiary fold can be envisaged as a
jellyroll of strands ABCDKLNO, elaborated by the addition of three further anti-parallel
strands (EFG and HIJ) forming a 3-meander at the same end of each of the sheets to give

the topology: +11-9+7-1-1-1-3+14+1+5-9-1412-13. In this arrangement strands A and M
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are both hydrogen bonded to strand L as shown in Fig. 3. The disulphide between Cys36
and Cys95 links the two adjacent strands (L and C) of one f-sheet. A long a-helix
between strands L and M is folded on top of t‘his fB-sheet. There is also an N-linked
oligosaccharide at Asn32 on this sheet; only one saccharide residue is visible in the
electron density.

The hydrophobic core between the two sheets is comprised mainly of tryptophans,
tyrosines, phenylalanines and leucines. The core is closed off by two B-arches between the
two sheets; strands joining B to C and J to K are hydrogen bonded and anti-parallel, an
arrangement characteristic of proteins derived from a jellyroll motif. One end of the core,
formed by 11 residues at the N-terminus aﬁd those in the N and O strands at the C-
terminus (Figs. 2, 3), has hydrophobic residues accessible to solvent. The other end of the
core is involved in interactions with a neighbouring protomer (see below) and so is

inaccessible to solvent.
Tertiary fold comparisons

The similarities of the amino acid sequences of SAP, human CRP, CRP of the arachnid

Limulus polyphemus (the horseshoe crab), and hamster SAP suggest that they may have
" .

similar three-dimensional structures. Comparative modelling'® shows that these pentraxins

can have equivalent anti-parallel structures with insertions and deletions in the loops

§
A

between the [(-strands and o-helices (Sr?nivasan, N., White, HE. & Blundell, T.L.
unpublished results). Fig. 4 shows that most solvent-inaccessibie aromatic side-chains are
conserved to give compact hydrophobic cores in all members of the family.

The jellyroll topology of the pentraxins is reminiscent of that of the picornavirus
coat proteins, which also have pentameric structures. However, pentraxins resemble most
closely legume lectins such as concanavalin A2 and pea lectin?! (Fig. 2a). In each case
the arrangement of strands is identical but the N- and C- termini are in different positions
(Fig. 3). In pea lectin the N-terminus is at strand M and the C-terminus at strand L

(labelling of the topologically equivalent strands follows those in SAP as shown in Fig. 3).
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The strands A and M are both hydrogen-bonded to strand L in a similar manner to those in
SAP. In the three-dimensional structure of concanavalin A the N-terminus is at strand E
and the C-terminus at the end of strand D due to a post-translational cleavage which
follows ligation of the true. te‘rmini between strands L and M?2. Pea lectin is additionally
cleaved at the loop connecting strands I and J.

Alignment of sequences (Fig. 4) on the basis of topologically equivalent features of
the three-dimensional structures®® shows that helices occupy different positions in the
pentraxins and legume lectins and that the amino acid sequences of the two families have
identities of only ~11%. The two main helices in SAP occur before and after strand L,
whereas the helices in the legume lectins occur at the C-terminus of strand J. There is a
long insertion between the end of the helix after strand D and the beginning of strand E in
the lectins relative to the pentraxins. Strands G, H and I, together with the type IV
B-hairpin between H and I, are identical in both SAP and pea lectin. The so-called
pentraxin octapeptide signature sequence, H X C X S/T WX §, is in this region, but this

is not conserved in the legume lectins.
Structure of the pentamer and decamer

The structure of the pentamer is shownﬁn Fig. 2b. The five subunits are arranged in a ring
with a hole that is 20A in diameter ahd 35A deep at the centre. The two layers of
[3-strands in each subunit are in planeg normal to the five-fold axis. Strands G, I, J of one
protomer interact with strand N and locps between strands A and B, C and D, G and H, K
and L of an adjacent protomer (Fig. 2b). When SAP is overlaid on the pea lectin, strand J
does not give as good a fit as other strands. In SAP this strand has moved to provide
inter-protomer contacts, with all residues between Prol13 and Leull9 being involved.
The subunit interactions consist of hydrogen bonds between main chain peptide groups,
three salt bridges and some hydrophobic contacts, in contrast to other pentameric systems
where there are often inter-subunit fB-sheets. The surface area of the protomer that is

buried on formation of the pentamer is 410.5A%, comprising 15.4% of the total surface of
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the protomer. The residues involved in these extensive interactions and which account for
the considerable stability of the SAP pentamer are shown in Fig. 4.

In contrast the SAP decamer is readily dissociated by reducing the pH to 5.5. The
simplest explanation for this ;s that the decamer is stabilised by ionic interactions involving
carboxylate and/or imidazole groups. Electron microscopy has clearly shown that the
SAP pentamers are packed face-to-face’® and it seems probable that the faces in contact
are those carrying the a-helix since we show (see below) that the calcium-dependent
ligand-binding sites are on the other face and such binding is exhibited by the decamer.
Furthermore adjacent sites are accessible to chymotryptic cleavage in the decamer in the
absence of calcium ions. It is not clear which groups are involved in the decamer
stabilisation although Glul67, positioned on the helix, is a likely candidate. A compact
decamer can be modelled if the pentamer five-fold axes are in line but the subunits are out
of step, allowing the helices from one layer to pack between those of the opposite layer.
Structure analysis of a crystal form produced at neutral pH with ten protomers in the
asymiumetric unit is in progress.

The models of CRP and hamster SAP demonstrate that the pentamers can have
very similar inter-subunit interactions. Limulus CRP is hexameric?S and we have also been
able to construct this arrangement of protomers by operating with a six-fold axis placed

slightly further from the subunit than t,li.e five-fold axis of SAP.
Calcium binding site

In serum amyloid P component we have identified two large spheres of density which are
too heavy to be oxygen atoms and are in positions that imply the presence of calcium ions,
between 4.0A and 4.3A apart in the five subunits and bridged by a common side-chains,
Calcium (1) is coordinated to the side chains of Asp58, Asn59, Glul36, Aspl38 and the
main-chain carbonyl of GInl137 (Fig. 5a). Unlike many calcium-binding sites in proteins,
such as parvalbumin, the coordinating residues come from different parts of the sequence.

This is achieved by a distortion at the start of strand E carrying residues Asp58 and Asn59
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and the region containing Glu136 and Asp138 looping over towards calcium (1) (Fig. 5a).
The calcium ligation is likely to be an important local structural determinant. The seventh
coordination site is occupiedi by a ligand that has the appearance of an acetate ion from the
crystallisation buffer in pro}o;i1ers 1,2, 4 and S, but in protomer 3 this position is filled by
the side-chain of Glul67 of an adjacent molecule in the crystal lattice. Glul36, Aspl38
and the acetate/lattice contact form a bridge to a second, more loosely bound calcium
ion (2). The coordination of calcium (2) is completed by GInl48 and two water
molecules. In a cross-phase difterence Fourier of cerium sulphate soaked crystals, we find
that calcium (2) is displaced by a cerium 1on. Calcium (2) is also removed when the
crystals are soaked in calcium free buffers. These observations are consistent with the
more solvent accessible position and fewer protein ligands of calcium (2).

Residues which provide ligands to the calcium ions are conserved in all SAPs but
although Asp58 is found in hamster SAP, human CRP and Limulus CRP it varies in other
CRPs. Nevertheless, the general organisation of the site is probably retained. The
disposition of these groups on surface loops where sequence difterences accumulate could
explain the considerable change in calcium affinity between CRP and SAP. In CRP there
is evidence that both calciums bind with the same affinity at neutral pH?® whereas in SAP
our results show that site calcium (2) has fewer protein ligands and can be preferentially
unloaded. The tighter calcium bindin';g and equivalence of the sites in CRP could also be
due to the substitution of Aspl45 ’ir"i’iSAP by glutamate in CRP. The longer side-chain in
CRP would permit a full complement of protein ligands to calcium site (2).

The existence of two metal ions bridged by protein ligands is reminiscent of
concanavalin A. However, although the metal binding sites in the legume lectins are on
the same face of the protein, they are at a different position between strands E and F
compared to D and E on SAP. There are no ligands of the two calciums that are
topologically equivalent to those for the calcium and the manganese of the lectins. Thus,
although there is evidence for divergent evolution of the protein folds of the plant lectins

and the pentraxins, this is not supported by a conservation of similar metal binding sites.
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Ligand binding

SAP binds to methyl 4,6-O-(1-carboxyethylidene)-f-D-galactopyranoside (MOPDG)
which is not recognised.b)./ CRP. Fig. 16 shows the electron density for MOBDG
complexed with SAP. The sugar derivative binds directly through the acidic group to the
two calcium ions in a similar way to the acetate which it replaces. The other interactions
include two hydrogen bonds formed between the 4,6 oxygen atoms of the ring and the
amide nitrogen atoms of GInl48 and AsnS9 respectively, each of which bind to the
calcium ions through their amide oxygens (Fig. 5b). Thus the role of calcium is not to
bind the galactopyranoside ring directly but rather to mediate its binding by orienting
side-chain amides in a way that resembles saccharide binding in lectins. There is only one
hydrogen bond to the galactopyranoside ring (Fig. 3b). Thus it is the methyl
4,6-0-(1-carboxyethylidene) ring that forms the main interactions with the protein,
explaining why neither the non-cyclic acetal of MOBDG nor the simple monosaccharides
bind>'%*’. The R-isomer bridge methyl group points into a hydrophobic pocket formed by
Leu62, Tyr64 and Tyr74.. The differences in the hydrophobic pocket and the ligand
distribution at the calciums in CRP may explain the poor binding to MOBDG. It is
probable that this site is involved in bivnding to amyloid fibrils, and its specificity is further
discussed in the accompanying paperz?‘.

The highest affinity interac’ti"'c?n of human CRP is its calcium-dependent binding to
phosphocholine (PC). Studies carried ou?onhuman CRP*? have implicated amino acid
residues 50-60 in the ability to bind PCV while more recent mutagenesis experiments®? have
identified Lys55 dnd Arg56 as key residues. The native SAP structure shows that AspS$
and Asn59 from this loop are involved in coordinating one of the two calcium ions.
Human SAP, in contrast, does not bind to PC although in common with CRP it does bind
to phosphoethanolamine (PE). The electron density maps for SAP co-crystallised with PE
(Fig. 1c) show a majbr site 1n all subunits, which coincides with that which binds acetate
ions and MOBDG and indicates a direct interaction between the phosphate group and both

calcium ions. In contrast to MOBDG this interaction with PE displaces Glul67 from its
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intermolecular interaction with the calciums of protomer 3, explaining the observed
disturbance of crystal packing. Binding of MOBDG or PE in the common site probably
stabilises the whole calcium binding region including Asn59 which binds MODG and
calcium and Asp58 which 5ir1ds calcium. Both PE and PC probably bind at the calcium in
CRP.

SAP rapidly aggregates in neutral solutions in the presence of calcium ions
presumably due to intermolecular interactions involving the surface of the decamer with
the exposed calcium binding site. This is consistent with the observation that this
interaction can be inhibited by MOBDG3! and by PE?7. Similarly they compete for the
calcium site with Glu167 which is an important lattice contact in the pentamer crystals.

In the presence of calcium SAP also binds polyanions such as heparan sulphate,
dermatan sulphate’ and DNA* It has been suggested that the DNA interaction involves a
decapeptide around Argl20, with some resemblance to certain histone sequences, and for
which a helical structure was proposed3?. However, in human SAP this region is not
helical and other SAPs do not have arginine at this position. Nevertheless it does have
affinity for multivalent anions, as demonstrated by the binding of phosphotungstate at this
site in the heavy atom isomorphous derivative (see Table 1). There are several basic
patches in SAP, for example Argl20, Arg77, His78, Lys79 and Arg57, which are on the
same surface as the calcium and PE b"%nd_ing sites. It seems more likely that the phosphate
backbone of DNA and the sulphat’ed\’ polysaccharides bind both at the calciums and at the
basic sites, possibly on more than o;e subunit simultaneously.  These extensive
interactions probably account for the ability of SAP to displace from DNA the Hl-type
histones in chromatin®. The sequence differences in the basic regions and in the calcium
binding region could explain the variable affinity for DNA shown by different pentraxins.
Human CRP, for instance, only binds DNA at low, non-physiological ionic strength. Low
concentrations of both PE and MOBDG enhance the binding of SAP to DNA and both
compete with the interaction at high concentration?’. Similar effects are observed for SAP

binding to immobilised PE?”. As we can find no evidence for a second binding site for PE
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or MOBDG in the present experimental conditions, these effects must be mediated

through inter-subunit interactions.

Ligands for SAP_, such as PE in phosphatidylethanolamine and MOBDGe-like
sugars>’, are common in l;ﬂi;roorganisnw. In this respect SAP resembles CRP!3 and the
mammalian C-type lectin, mannose-binding protein®, which both recognise widely
distributed microbial epitopes and are involved in host defence against infection. SAP

could act either directly or via complement, since aggregated or complexed SAP3? like

mannose-binding protein3* and CRP13, can activate the classical complement pathway.
Proteinase-resistance of pentraxins and the treatment of amyloidosis

SAP and CRP are both remarkably resistant to proteolytic degradation in the presence of
calcium. In contrast, in the absence of calcium both are cleaved by some enzymes,

2636 Although this cleavage does not cause

particularly a-chymotrypsin and pronase
fragmentation of either the whole molecule or of the individual subunits under
non-denaturing conditions, it does cause loss of calcium-binding activity by the pentraxins
and abolishes their capacity for calcium-dependent ligand binding. It is, therefore, of
interest that the major site of cleavage of SAP is between residues 144 and 145 whilst in
CRP it is between residues 146-147 (pf;onase) or 145-146 (Nagarse protease). This is part
of a loop that is held in place by caléiiiln ligation, and which, in the calcium-free form, may
be only loosely associated with the body of the protein and, therefore, susceptible to
proteolysis. Most loops of SAP are held close to the body cf the pentamer and this makes
them less easily accessible to the active sites of proteolytic enzymes.

Resistance to proteinase digestion is likely to be an important aspect of the normal
function of SAP, and may also contribute to the persistence of amyloid deposits. The SAP
normally associated with the glomerular basement membrane and the surface of elastic
fibre microfibrils®® may protect these extracellular matrix constituents from inappropriate
degradation. On the other hand, amyloid fibrils are abnormal extracellular structures

which should be recognised and degraded, but which nevertheless persist in vivo. In this
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pathological situation the binding of SAP to amyloid fibrils may be responsible. Protection
could result simply from coating by SAP, which is completely unaltered with respect to its

! and which would, therefore, not be expected to trigger

normal circulating form'
macrophage activation or‘p};égocytosis. However, the proteinase resistance of SAP itself
may be a significant factor. Availability of the complete high resolution structure of SAP
and its ligand-binding site now offer the opportunity for direct modelling of competitive
inhibitors of SAP binding and for engineering binding site homologues, either of which
could be used as drugs to displace SAP from amyloid deposits izt vivo. This would open

up new avenues for treatment of amyloidosis, enabling the body to mobilise and degrade

the fibrils which may otherwise be inappropriately protected by SAP.
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Legend for TABLE 1

Heavy atom derivatives used for multiple isomorphous replacement and data
collection statistics are .sr‘10wn in Table 1. Native data were collected from one
crystal on a Hilger-Watts 290 4-circle diffractometer with Rsym = 4.5% for 4112
independent reflections to 5.6A. High resolution native data were also collected
on film at the Synchrotron Radiation Source at Daresbury Laboratory (i= 1.468A)
using three crystals (Rsym =7.7% for 78951 unique reflections to 2.02A). The
final merged data set comprised low resolution data from the diffractometer and
high resolution data from the synchrotron. The major heavy atom sites were
determined from inspection of difference Patterson functions and cross-phase
difference Fouriers. A muitiple isomorphous replacement (MIR) map was
calculated, solvent flattened and averaged. Phases from both maps were used
in cross-phase difference Fouriers to determine those minor sites related by the
5-fold axis to the major sites. All sites were initially refined with VECREF
(1.J. Tickle) to eliminate spurious sites and then with PHARE. A final MIR map
was calculated to 2.8A and the phasing analysis gave a figure of merit of 0.61.
This map was solvent flattened'’, phases calculated and recombined with the
MIR phases to give a combined fiéure'of merit of 0.85. The solvent flattened
map was then averaged using PSAVER (1.J Tickle) and the envelope determined
in the solvent flattening. The po]ype&ide of the 3-sheet and helix were well
defined. Derivative data were also scaled to native data collected from three
crystals on a FAST area detector mounted on a CuKa microfocus tube (800W)
(Rsym = 10.0% for 30996 independent reflections to 2.8A). Heavy atom sites
were determined independently from those in Table 1 and were refined using
MLPHARE. The resulting electron density map was solvent flattened and
averaged using the programs supplied with O release 5.7. The map was similar
to that used for the refinement. Problems in obtaining an interpretable map

arose because not all substituted sites related by the non-crystallographic
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symmetry were present on early cross-phase difference Fouriers due to poor
phasing from the derivatives available at the time. Two of the three derivatives
with the highest phasing power were the last to be collected. These extra
derivatives allowed minér sites related to the major sites by the 5-fold axis to be
determined in the early derivatives as well as multiple occupancy in some sites
previously thought to be singly occupied. For example the dominant thorium
nitrate derivative formed a complex with eleven thorium sites comprising two
octahedra, each with edges of approximately 4A and sharing an apex.

The direction of the 5-fold axis was determined from a self-rotation
function'®, and the approximate position of the molecule on this axis was found
by positioning a pentagonal prism in a low resolution MIR map. A
six-dimensional search (3 rotations and 3 translations) for a best correlation in
the map for a given rotational operation was performed using LOCROT
(I.J. Tickle). The parameters were then refined with the density correlation
programs of Bricogne'®.

One averaged subunit of the electron density map obtained from the
solvent flattening was displayed in FRODO¥ on an Evans and Sutherland
PS390. The sequence could be assigned from the position of the disulphide
bridge and the putative calcium‘bj{nding site for all residues in the sheets and
helix. The resolution was *’gxtended with simulated annealing using

!

non-crystallographic restraints in XPLOR® and rebuilding into electron density
maps (coefficients 2Fo—Fc,Fo-Fc)’ calculated from phases that had been
combined with the MIR phases until all residues had been inserted. The
resolution was then extended to 2A and 10 calcium ions, 4 acetate ions and 879
water molecules were added. Least squares refinement in RESTRAIN®® gave a
crystallographic R-factor of 0.179 for all 78910 reflections in the resolution range
8-2A.  The r.m.s. deviations from stereochemical ideality are 0.017A for bond

distances and 3.45° for bond angles. The average isotropic B values are 22.9A2

for protein and 37.7A2 for solvent molecules. There were no residues in the
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disallowed region of a Ramachandran plot*. The CCP4 suite of programs
(SERC Daresbury) has been used for all crystallographic calculations, except

the structural refinement.
Merging R factor Shkt g IOKD;— 1 (KDY S S 5 1(NKD);
Isomorphous R factor 2 nkit |F gerif(hKI) — FnahKDI 2 g [F par(NKD)

Phasing power (St F gy (KD S i €2(hKI]12
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FIG. 1 Final refined electron density of SAP. a, Refined electron density map
(2Fo-Fc) calculated at 2A resolution and contoured at 1 rm.s. This illustrates
the SAP helix packing against the b-pleated sheets in the region of the
disulphide bridge CysSé-éysQS. The top left hand of the diagram illustrates a
region where the side chain Glu167 contacts the calcium binding site of a
symmetry-related molecule. The region of the calcium ions is contoured at 5
r.m.s. showing that the glutamate bridges the two ions in a manner similar to the
acetate ion. b, MOBDG complexed with SAP contoured at 1 r.m.s. electron
density level at 2.9A resolution. Crystals of SAP prepared by the batch method'®
in the presence of MOBDG were isomorphous with crystals of native SAP and
had cell dimensions a=69.06A, b=99.3A, c=96.75A and b=95.84°. Data were
collected on a MAR imaging plate system mounted on a Siemens XP-18 rotating

anode and a final R of 5.3% was obtained. Data were 95.8% complete to

Merge
2.9A resolution. A final crystallographic R factor of 0.197 for all reflections in the
range 10-2.9A was obtained after refinement in XPLOR without
non-crystallographic restraints. The success of this experiment depended on
soaking in an excess of the sugar in order displace the acetate ion which
otherwise occupies the same position at the calcium-binding site. The MOBDG
is well defined only in protomer 3: shown here, where it is invélved in a crystal
contact. ¢, Phosphoethanola’m{\\ine (PE) complexed with SAP contoured at 1
r.m.s. electron density level at 2.9A r;solution. Crystals of SAP prepared by the
batch method'® in the presence of 9 mM PE were not isomorphous with crystals
of native SAP and had cell dimensions a=67.05A, b=103.43A, ¢c=102.43A and
b=95.73°, in space group P2,. Data were collected on a MAR imaging plate

system mounted on a Siemens XP-18 rotating anode and a final R of 6.4%

Merge
was obtained. Data were 95.5% complete to 2.9A resolution. In the initial
refinement the SAP pentamer was treated as single rigid body and R factor of
0.332 was obtained for the 3513 reflections between 30-6A. The five subunits

were then treated as individual rigid bodies and refinement produced an R factor
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of 0.264 for the 11628 reflections between 18-4A.. The final crystallographic R
factor of 0.199 for all reflections in the range 10-2.9A was obtained after
refinement in XPLOR; non-crystallographic symmetry restraints were not

applied.

FIG. 2 Ribbon drawings generated with Setor®’ with b-strands shown as blue
arrows, helices as ribbons and loops as cords. a, The topology of SAP
compared with the legume C-type lectin concanavalin A (conA). The strands are
labelled from the N- terminus of SAP, ABCDEFGHIJKLMNO, with structurally
equivalent strands in conA labelled similarly. The positions of the N- and C-
termini in conA are altered with respect to the nascent protein by ligation of the
original N- and C- termini and proteolytic cleavage belween strands D and E.
The two structures can be superimposed by a least squares fit using the Co
positions of the two sets of anti-parallel sheets to produce an r.m.s. deviation of
2.4A. This is due to a greater angle between these sheets in SAP than conA.
b, Structure of the pentamer of SAP viewed along the non-crystallographic
five-fold axis of symmetry. The pairwise r.m.s. deviations for all main chain
atoms range from 0.19A between protomers 1 and 5 to 0.24A between

1
‘

protomers 3 and 4. A
FIG. 3 Hydrogen bonding diagrams generated by HERA%2 for SAP (above) and
pea lectin (Brookhaven code 2LTN) (below). The secondary structural elements

were assigned according to the criteria defined by Kabsch and Sander®.

FIG. 4 Alignment of the sequences of the pentraxins (one protomer sapm and
one pentamer sapp) of SAP, human C-reactive protein (hcrp), hamster SAP
(female hamster protein) (1fhp) and Limulus CRP (1lim) with the sequences of
legume lectins, concanavalin A (3cna) and pea lectin (2Itn and 1lte). These

alignments are based on comparing the three-dimensional structure of SAP with
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those of the C-type legume lectins®. Key to JoY alignments44:  Solvent
inaccessible, UPPER CASE X: solvent accessible, lower case x; positive ¢, italic
x; -cis-peptide, breve x; hydrogen bond to other sidechain, tilde k; hydrogen bond
to mainchain amide, bdici x; hydrogen bond to mainchain carbonyl, underline x;
disulphide bond, cedilla x; metal binding sites in SAP and conA, *, residues of

SAP involved in inter-protomer contacts §].

FIG. 5 The calcium and ligand binding sites in SAP. Diagrams generated using
Setor®! Important interactions between calcium ions, ligands and the protein are
shown by dotted lines. a, Topology around the calcium binding site showing the
residues involved in calcium coordination and those in the hydrophobic pocket,
(LeuB2, Tyr64, Tyr74) and the cleavage site (Phe144, Asp145) in SAP.
Calcium (1) has heptagonal coordination, whilst Calcium (2) has hexagonel
coordination. b, MOBDG binding site.  The main interaction involves
coordination between the calcium ions and the carboxylate of the
carboxyethylidene ring. The amide nitrogens of Asn59 and Gin 148 form
hydrogen bonds to the 4,6 oxygens of the carboxyethylidene ring. The only
interaction between the protein and the galactopyranoside ring is a hydrogen

bond between the 3 oxygen andkthfe amide nitrogen of Gin148.
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TABLE 1 Structure determination of SAP

DERIVATIVE KyPTl,  NayPO, 12WO;  Th(NO;),  Th(NO),  Ce(SO,),  K,AuCl, U0,S0,  AgNO,  Na,WO,
CONCENTRATION (mM) 5.0 5.0 4.5 4.5 17.0 2.5 25.0 5.0 1.0
SOAKING TIME (h) at 20°C 24.0 60.0 280 28.0 48.0 1.0 24.0 240 19.0 (4°C)
COLLECTION DEVICE F F F F F F X 1 D
RESOLUTION (A) 3.5 3.5 4.1 2.8 3.0 3.5 3.2 3.4 6.0
MERGING R FACTOR 0.084 " 0,069 - 0.062 0.049 0.101 0.110 0.045 0.118 0.075
ISOMORPHOUS R FACTOR 0.317 ¢ 0.237° 0.203 0.278 0.222 0.310 0.251 0.165 0.225
% COMPLETE 38.3 » $0.3 91.7 8§58 76.7 711 81.0 93.4 97.1
NUMBER OF SITES 28 21 17 14 27 22 22 20 -
PHASING POWER 1.00 115 143 202 1.02 1.55 1.29 1.04 -
(4.1-2.8A)

D, Enraf-Nonius CAD-4 diffractometcr mounted on o 1500W scaled tube; F, Enraf-Nonius FAST arca-detector mounied on a Cuka microfocus tube (800W); X, Sicmens
Xentronics arca-detector mounted on a Sicmens XP1S generator: I, MAR rescarch imaging plate mounted on a Sicmens XP18 gencrator. .
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IV. Métodos em Cristalografia de Proteinas

IV.1 Introducao

Com a crescente disponibilidade de estruturas de proteinas determinadas a alta
resolugdo, observa-se um significativo aumento de interesse na utilizagdo da técnica de
Substituigdo Molecular como ferramenta na determinagdo de estruturas de novas proteinas
quando h4 protefnas homdélogas com estrutura 3D conhecida. Este método compreende uma
variedade de técnicas que buscam identificar os pardmetros que definem a orientagdo € o
posicionamento de uma molécula ou fragmento conhecido, na cela unitdria do cristal cuja
estrutura busca-se determinar. O problema pode ser apresentado de forma geral em termos
da determinagido da matriz de rotagdo [C] e o vetor de translagdo t que transformam um
dado objeto P, de forma a superpd-lo a um outro objeto similar ou idéntico P,. Se x; € x,
sdo pontos equivalentes de P, e P,, respectivamente, entdo busca-se encontrar [C] e t tais
que:

x, =[C]x, +t

Em geral, a determinagdo da matriz de rotagio [C] e do vetor de translag@o t envolve
uma busca por seis pardmetros (trés angulos e tr€s translagdes) para encontrar a melhor
superposi¢do entre os objetos P, e P,. Rossmann e Blow (1962) notaram que se os objetos
de busca e alvo sdo fungbes de Patterson, entdo a busca hexa-dimensional poderia ser
reduzida 2 uma sequéncia de duas buscas tridimensionais, em cada uma das quais se
determina a orientagdo relativa e entdo a translagdo. O método consiste em trés estdgios em
sequéncia: encontrar uma orientagdo (apréximada) para o modelo, localizar sua posigdo
(aproximada) e otimizar os parametros thidos e finalmente avaliar a qualidade de uma
solugdo potencial. O primeiro e segundo estdgios sdo conduzidos com técnicas de busca no
espago de Patterson: varia-se as posi¢oes do modelo até que a fungdo de Patterson calculada
apresente alta correlagdo com a fungdo de Patterson observada para a estrutura desconhecida.
A orientagdo € usualmente determinada usando a fung@o rotagdo. Para uma dada orientago,
a translagdo do modelo € entdo determinada usando a fungdo translagdo. Como o sucesso
desta segunda etapa depende drasticamente da precisdo do resultado da primeira, em geral
chega-se a vdrios conjuntos de solugdes possiveis. E necessério, portanto, uma medida de
corre¢do para auxiliar na identificagdo da melhor solugdo.
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No trabalho apresentado a seguir € descrito um método alternativo para o refinamento
de corpo-rigido por minimos quadrados quando um modelo de densidade eletronica ¢
utilizado em Substitui¢do Molecular. Embora originalmente desenhado simplesmente para
otimizar os parametros de rotagao e translagio obtidos pelas técnicas de busca em mapas de
Patterson, este método provou ser extremamente eficiente (isto €, rdpido e preciso) na
avaliag@o da corregdo de uma solugdo obtida por Substituicdo Molecular.

Combinado com implementa¢des muito eficientes das fungoes de rotagao e translagio
(Navaza, 1987, 1990), este método tornou factivel a exploragdo de um nimero muito grande
de potenciais solugdes do problema de posicionamento em Substituigdo Molecular,
permitindo a solugd@o de diversas estruturas de novas protefnas nas quais os procedimentos
mais antigos de Substituicdo Molecular haviam falhado. Como resultado, o sistema de
programas que implementou estes conceitos (AMoRe-Automated Molecular Replacement)
tornou-se o estado da arte atual em termos mundiais no que diz respeito a técnica de

Substituicdo Molecular.
IV.2 Trabalho publicado no Journal of Applied Crystallography
CASTELLANO, E.E., OLIVA, G. and NAVAZA,J.

"Fast Rigid Body Refinement for Molecular Replacement Techniques”
J.Appl.Cryst. (1992), 25, 281-284.
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V. Proteinas de Armazenamento em Sementes:
Coixinas

V.1 Introducao

Embora as técnicas experimentais € computacionais utilizadas para a determinagio
de estruturas moleculares por difragdo de raios-X tenham alcangado enorme progresso na
dltima década, a determinag@o de estruturas por essa técnica ainda demanda o investimento
de longo tempo e substancial esforgo. Por essa razdo € de enorme interesse a possibilidade
de previsdo de estruturas moleculares de proteinas. Executar essa tarefa a partir de primeiros
principios € entretanto um objetivo que estd longe de ser alcangado. Entretanto, uma hip6tese
de trabalho extremamente tentadora e atraente € admitir que a estrutura secunddria e tercidria
de uma proteina seja dependente de sua estrutura priméria. Assim, seria possivel a previsao
da estrutura de uma protefna sempre que sua estrutura primdria seja conhecida. Este processo
torna-se ainda mais promissor quando a proteina em estudo apresente razodvel homologia
com proteinas (ou fragmentos substanciais das mesmas) cujas estruturas moleculares j4 sejam
conhecidas por difragdo de raios-X. Um fator favordvel para a determinagio da estrutura
tercidria seria, na maioria dos casos, a presenga de pontes di-sulfeto que restringem as
possibilidades de enovelamento.

Finalmente, obtido um primeiro modelo relativamente grosseiro para a estrutura
molecular, as interagdes entre residuos € a presenga de ligagoes hidrogénio que estabilizam
as estruturas em hélice e as folhas e voltas-8, poderdo ser levadas em conta por técnicas de
mecédnica e¢/ou dindmica molecular que conduzirdo a estrutura molecular proposta a um
minimo de energia. A estrutura molecular assim encontrada dever4 ser entdo analisada em
relagdo as interagdes e fungdes conhecidas da molécula em estudo visando estabelecer
relagdes entre estrutura e fungio. Outro objetivo do processo acima descrito € a proposi¢ao
de alteragdes de aminodcidos na molécula em estudo visando obter uma nova molécula com
uma nova fungdo desejada ou a eliminagdo de algum efeito nocivo. Finalmente poder-se-4
também introduzir substratos em sitios ativos de enzimas e prever alteragdes estruturais
subsequentes e avaliar a estabilidade da ligagdo proteina-substrato.

O Laboratério de Cristalografia do IFQSC tem uma tradi¢@o de trabalhos de pesquisa
em cooperagdo com outros grupos de pesquisa tanto nacionais como internacionais. Nos
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ultimos anos um grande esfogo estd sendo desenvolvido com o objetivo de aprofundar e
ampliar os trabalhos na drea de macromoléculas de interesse biol6gico. Por essa razdo, uma
forte interagdo estd sendo estabelecida com grupos de pesquisa em Bioquimica e Biologia
Molecular nacionais. Frequentemente em tais grupos sdo feitas determinagdes de estruturas
primdria de proteinas e o Laboratério tem sido procurado para fornecer informagdes sobre
possiveis estruturas secunddrias e tercidrias de tais protefnas, enquanto ndo se dispde de
quantidade suficiente de proteina purificada para se dar inicio ao trabalho de determinagio
da estrutura molecular por métodos de difragdo de raios-X por monocristais. Essa situagdo
tem se tornado ainda mais frequente 2 medida que novos sistemas de sequenciamento de
proteinas e 4cidos nucleicos sdo instalados no pais.

Neste contexto se insere o trabalho de modelagem molecular de proteinas da semente
de plantas do género Coix a seguir descrito.

Costuma-se classificar as proteinas de sementes em dois grupos: as proteinas "de
reserva’, que constituem a maior parte do material protéico da semente, € as chamadas
"house-keeping", essenciais para 0 normal funcionamento do metabolismo celular. Durante
a embriogénese, as células do endosperma das sementes produzem uma grande quantidade
de proteinas cuja fungdo € o armazenamento de amino4cidos necessdrios para o periodo de
germinagao.

Tradicionalmente, as proteinas tem sido classificadas em quatro grupos, de acordo
com o critério de solubilidade:

Albuminas - soliveis em 4gua ou solugdes salinas diluidas
Globulinas - soldveis em solugdes,salinas concentradas
Prolaminas - soldveis em 4lcool

Glutelinas - soliiveis em solugoes 4cidas ou bdsicas

No milho, o contetido proteico total corresponde a 10% do peso seco da semente,
sendo que 60% destas proteinas sao proteinas de reserva. Em milho, as proteinas de reserva
sao representadas pelas prolaminas, e caracterizam-se pela solubilidade em 4lcool, recebendo
o nome especifico de zefnas. O grupo do Prof. Paulo Arruda do Laboratério de Biologia
Molecular de Plantas do Centro de Biologia Molecular ¢ Engenharia Genética (CBMEG) da
UNICAMP tem realizado estudos das proteinas de reserva de Adlay, uma variedade de Coix
lacryma-jobi L. O género Coix pertence a sub-tribo Coicinae, tribo Andropogoneae, que
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inclui cereais importantes como o milho e sorgo. As coixinas, prolaminas de Coix,
apresentam composig¢ao de amino4cidos caracteristica da tribo Andropogoneae: alta proporgio
dos aminodcidos glutamina, leucina e prolina e baixa proporgdo dos amino4cidos essenciais
lisina e triptofano. A extragdo diferencial das coixinas por solubilidade em isopropanol
permitiu sua classificagdo em duas classes principais:a e y-coixinas (Ottoboni et. al., 1990).
Com a preparagdo dos clones gendmicos de o e 7Y-coixinas, foi possivel estabelecer as
sequéncias completas dos clones de cDNA e daf inferir a sequéncia de amino4cidos da
proteina. De posse destas sequéncias, nés analisamos a homologia entre as prolaminas de
milho, sorgo e coix da qual pudemos inferir relagdes filogenéticas e evolutivas desta familia
de proteinas, assim como propor modelos estruturais para as coixinas € sugerir potenciais
regides favordveis para introdugdo de mutagdes sitio-dirigidas que ndo interfiram com a
estabilidade do enovelamento da proteina e sua incorporagdo e armazenamento no corpisculo
protéico.

Estes resultados estdo apresentados no trabalho publicado na revista Proteins:
Structure Function and Evolution que se segue.

V.2 Trabalho publicado em Proteins: Structure Function and
Evolution

GARRATT,R., OLIVA, G., CARACELLILL, LEITE,A. and ARRUDA,P.
"Studies of the zein-like a-prolamins based on an analysis of amino acid sequences:
implications for their evolution and three-dimensional structure”
Proteins : Structure, Function and Genetics, 15, 88-99, 1993.
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V1. Estruturas de Moléculas Pequenas.

VI.1 Introducao

Do conhecimento da estrutura de uma substancia advém intimeras informagdes uteis
aos mais variados ramos da ciéncia: em Fisica e Ciéncia dos Materiais € fundamental a
relagio entre propriedades fisicas e a estrutura interna dos sélidos; em Quimica as
caracteristicas estéricas de novos compostos ou complexos e sua relagdo com as propriedades
funcionais, s6 podem, em muitos casos, serem conhecidas através da determinagdo de sua
estrutura; em Bioquimica e Biologia Molecular a atividade funcional de uma macromolécula
estd intimamente relacionada com sua estrutura tridimensional; em Medicina e Farmacologia
a agdo de drogas envolve interagbes entre arranjos atdmicos tridimensionais, sendo que a
maneira como a uniio droga-receptor acontece € determinada pela estrutura de ambos os
componentes.

O Laboratério de Cristalografia do DFCM/IFQSC tem se dedicado a investigagdes
estruturais por difracdo de raios-X aplicadas a estes diversos campos. Desde a sua
implantagio, na década de 70, a linha principal de pesquisas tem sido o estudo de estruturas
de moléculas consideradas pequenas pelos cristalégrafos (até cerca de 200 4tomos sem contar
hidrogénios). Com o apoio das instituicdes de fomento a pesquisa, através de sucessivos
contratos, este laboratério tornou-se o unico no Brasil com a infraestrutura e recursos
humanos para a determinagdo de estruturas moleculares por difragdo de Raios-X em
monocristais.

Como resultado deste investimento, estabeleceu-se um Laboratério de Cristalografia
que ao longo dos anos realizou pesquisas continuas, tendo publicado, somente nos Gltimos
12 anos, mais de 200 artigos originais de pesquisa em revistas internacionais, formou 18
mestres e 8 doutores € estabeleceu pesquisa em colaboragdo com muitos centros nacionais

€ internacionais.

Caracteristicas relevantes das atividades ai desenvolvidas sdo o cardter amplo e
interdisciplinar das mesmas. As pesquisas em andamento representam colaboragdo com varios
grupos de pesquisa nacionais e internacionais, onde sdo sintetizadas ou extraidas as
substincias cujas estruturas cristalinas sdo determinadas no Laboratério de Cristalografia de
Sdo Carlos. As substincias estudadas sdo complexos de metais com ligantes orgénicos,
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produtos naturais, substancias organicas sintéticas, produtos com propriedades farmacolégicas
¢ outros. O conhecimento da estrutura € empacotamento molecular no cristal possibilita a
interpretag@o, a nfvel atdmico, das propriedades fisicas, qufmicas e biol6gicas do composto
em estudo.

Por outro lado, as atividades de pesquisa em Quimica de Sintese no Brasil tem
crescido significativamente, e nos padrdes atuais para publicagbes em revistas internacionais
relatando sinteses quimicas, requer-se quase sempre a estrutura detalhada determinada por
difragdo de raios-X. Como resultado temos tido no Laboratério de Cristalografia do DFCM
um afluxo muito grande de novos cristais para serem caracterizados: como um parametro
para medir este crescimento, no ano de 1992, foram medidas e determinadas cerca de 100
estruturas de moléculas pequenas.

No entanto, atualmente, considerdvel esforgo dos pesquisadores deste laboratério tem
sido dirigido para a 4rea de cristalografia de proteinas, uma técnica com importantes
aplicagdes em dreas de pesquisa consideradas estratégicas como Biotecnologia aplicada a
Satde Humana, Agropecudria e Biologia Molecular. Mesmo assim temos procurado nio
desativar a 4rea de cristaloquimica, pela importancia no contexto da quimica nacional que
nosso laboratério tem alcangado. Além disso, todos os projetds de pesquisa desenvolvidos
em nossos laborat6rios envolvem a formagdo de alunos de graduagdo e p6s-graduagdo para
a 4rea de cristalografia e neste sentido, € de fundamental importéncia introduzir os estudantes
as técnicas cristalogréficas através do estudo de sistemas mais simples e previsiveis, como
s@0 as estruturas cristalinas de moléculas pequenas.
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V1.2 Complexos de Ruténio com Potenciais Propriedades Anti-

tumorais.

Trabalhos publicados em Inorganica Chimica Acta (2
trabalhos publicados, 1 submetido), Journal of Coordination
Chemistry (2 trabalhos aceitos), Polyhedron (submetido).

Nos ultimos anos a catdlise tem sido objeto de estudo intenso devido a sua
importéncia académica e tecnolégica. Do ponto de vista académico existem diversas 4dreas
de interesse, podendo-se citar o estudo da interagdo entre o catalisador e o substrato na
catélise heterogénea, a determinagdo do mecanismo de reagdo na catdlise homogénea e o
estudo das reagdes enziméticas. J4 do ponto de vista tecnolégico, a utilizagdo de catalisadores
homogéneos ou heterogé€neos possibilitou a sintese de novas substincias e a produgdo de
substancias j4 conhecidas, porém a um custo menor, como por exemplo polimeros e fibras,
detergentes, gordura hidrogenada e borracha (Haensel & Burwell, 1971). Os catalisadores
heterogéneos t€ém sido mais utilizados devido a maior facilidade de serem separados do meio
reacional, embora exista uma expectativa de aumento na aplicagio de catalizadores
homogéneos devido a maior seletividade destes durante as reagSes quimicas (Parshall, 1980).

Dentre os catalisadores homogéneos destacam-se os complexos de metais de transigao,
como aqueles de Rédio, Iridio, Ferro € Ruténio (Wilkinson et al., 1982; Stille & Becker,
1980; Jordan, 1988; James & Wang, 1980; Augustine & Van Peppen, 1970). Os catalisadores
baseados em Ruténio t€m sido intensamente estudados nos iltimos anos devido ao seu
potencial em diversos tipos de reagdes, como por exemplo, RuCl,(PPh,;); ¢ HRuCIl(PPh,),
utilizados na hidrogenagdo de olefinas (Fahey, 1973; James et al., 1975; Knifton, 1976),
Ru(CO),(PPh,), utilizado em hidroformilagio de olefinas e acetilenos (Evans et al., 1965),
¢ RuCl,(PPh,), em isomerizagio de olefinas (Lyons, 1971).

Mais recentemente os complexos de Ruténio t€ém sido testados no tratamento de
tumores malignos (Keppler et al., 1987a,b). A atividade antitumoral foi estudada em
Leucemia P388, Carcinosarcoma de Walker 256 e Sarcoma 180. Os testes foram feitos
usando o composto cis-diaminodicloroplatino(Il) como controle positivo. Os resultados
apresentados indicam que animais portadores de Leucemia P388, quando tratados com
complexos de Ruténio, apresentam um aumento no periodo de vida, além de uma sensivel
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diminuigio de efeitos colaterais. Resultados positivos também foram obtidos para
Carcinosarcoma de Walker 256 e Sarcoma 180.

Um aspecto importante no estudo de complexos com o objetivo de usd-los como
catalisadores e potenciais drogas antitumorais € a determinagdo de sua estrutura
tridimensional uma vez que desta dependem as interagdes entre substrato e catalisador num
caso, e entre droga e receptor no outro. O objetivo dos trabalhos que se seguem consiste na
sintese de complexos de Ruténio, caracterizagdo por métodos espectroscépicos e
eletroquimicos, determinagdo das estruturas dos complexos por métodos cristalograficos e
estudos das propriedades cataliticas dos mesmos. Neste sentido, temos desenvolvido projeto
em colaboragao com o Prof. Alzir A. Batista do Departamento de Quimica da UFSCar, o
qual tem trabalhado na 4rea de sintese, caracterizagio e reatividade de complexos de ruténio.
Os compostos de Ruté€nio obtidos sdo do tipo RuCl, 1,4-bis(difenilfosfina)butano-(N-
heterociclicos),; RuCL(CO),L,, onde L=N-heterociclicos ou fosfinas; HRuCl,(CO)(PPh,),;
RuCl,(CO)(PPh,), (binuclear de valéncia mista); LH'[RuCl,(CO)(L)] , LH*[RuCl,L,] onde
L=N-heterociclico. A primeira sériec acima citada apresenta compostos com potenciais
cataliticos e reagdes de hidrogenagdo e/ou isomerizagdo de substratos orgénicos insaturados
(Batista et al., 1990), enquanto a segunda série contem compostos muito semelhantes aqueles
com atividades antitumorais ja confirmadas (Keppler et al., 1987a,b). Neste tltimo caso,
ressaltamos que além de novos compostos sintetizados, foi desenvolvido pelo Prof. Alzir um
método simples de sintese desta classe de complexos (Batista et al., 1992).

A respeito da importdncia das pesquisas em pauta pode-se resumidamente mencionar
que complexos de metais de transigdo tem sido amplamente utilizados em processos
cataliticos, nos quais a seletividade assume fundamental importincia. Um exemplo j4 cldssico
nesta 4drea refere-se a produgio industrial do L-Dopa, o qual € usado no tratamento da doenga
de Parkinson, obtido através da sintese seletiva via um catalisador de rédio (Elschenbroich
et al., 1989). Complexos de Ruténio do tipo [RuCl,(CO),(PPh,),] tem sido, por exemplo,
usados como efetivos catalisadores em reagbes seletivas de hidrocarbonetos insaturados,
como € o caso da hidrogenagdo do 1,5,9-ciclododecatrieno(ciclopoliofeina), para
ciclododeceno(ciclomonoolefina) (Fahey, 1978). Em vista do interesse nesta classe de
compostos de Ruténio parte do presente trabalho trata de novo método de sintese especifica
de alguns isOmeros de complexos de férmula geral [RuCl(CO),(PPh;),] ou
[RuCl,(CO),(AsPh;),]. O dominio da metodologia de sintese de catalisadores efetivos, na
forma pura, poderd bviamente conduzir @ um melhor rendimento dos processos cataliticos
desejados, ou mesmo obter compostos puros que possam servir de reagentes de partida para
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sfntese de novos compostos com composigdes mais complexas, oS quais tem suas obtengdes
por vias diretas dificultadas ou mesmo impossibilitadas. Neste aspecto, a sintese do isdbmero
ttt-[RuCl,(CO),(PPh,),] permitiu seu uso como reagente de partida para o obtengdo do
binuclear [Ru,Cl(CO)(PPh,),]. A partir deste processo, desenvolveu-se uma rota simples de
obtengdo de uma ampla série de compostos binucleares de val€ncia mista, de férmula geral
[(L,)Z(CO)RunCl3Rum(Clz)(LL)], a qual encontra-se em prética, na sintese de complexos
contendo trifenilarsina, trifenilfosfina, p-trifeniltoluidina e N-heterociclicos, como ligantes L,
e L,, no laboratério do Prof. Alzir, no Departamento de Quimica da UFSCar. Esta familia
de compostos poderd servir como sonda na avaliagdo da influéncia dos ligantes L, e L, nos
processos de transferéncia de carga entre os dois centros metdlicos. Neste aspecto, como nos
demais que tratamos nos trabalhos a seguir, a determinag@o dos parametros estruturais dos
compostos, obtidos pela técnica de raios-X foi de fundamental importancia, principalmente
quando se tem em vista o fato de que, nos compostos binucleares, por exemplo, a
efetividade ou ndo dos processos de transferéncia de elétrons em complexos de valéncia
mista depende também da distincia entre os centros metélicos € até mesmo da posigdo
angular entre os metais envolvidos nestes compostos, informagdes estas que sio somente
obtidas pela técnica de difragido de raios-X.

No trabalho com os compostos com potencial atividade antitumoral, as propriedades
quimioterdpicas destes complexos de Rut€nio podem, em parte, ser atribuidas as suas
caracteristicas fisicas, ou seja, as suas estruturas, de onde se infere novamente a importincia
do conhecimento de dados cristalogrificos de uma determinada substincia, para se avaliar
sua atividade funcional (Farrell, 1989). Esta ¢ também uma nova linha de pesquisas em
andamento nos laboratérios do Prof. Alzir, na UFSCar, ainda em fase de sintese de
compostos de Ruténio com potencialidades farmacolégicas. Neste caso o Prof. Alzir
pretende se associar ao Prof. Dr. Renato Najjar, do Instituto de Quimica da USP/SP, o qual
tem experéncia nesta 4rea, com o objetivo de verificar, de fato, a atividade antitumoral dos
compostos sintetizados em seu laboratério.

Os trabalhos por nés publicados, aceitos e submetidos nesta linha de pesquisa sdo
apresentados a seguir.

BATISTA, A.A., OLMO,L.R.V, OLIVA,G., CASTELLANO,E.E. and NASCIMENTO, O.R.
"Synthesis, characterization and molecular structure of the
1-methylimidazoliumcarbonyl- 1-methylimidazoletetrachlororuthenate(III)"
Inorganica Chimica Acta, 202 (1992), pp. 37-41
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BATISTA, A.A., CORDEIRO, L.A.C. and OLIVA, G.
"Electrochemical Formation and X-Ray Structure of the Five-Coordinated
Ruthemium(II) [RuCl(dppp),l(PF,) Complex"
Inorganica Chimica Acta, 203 (1993) pp. 185-191

FONTES, M.R.M, OLIVA,G., CORDEIRO,L.A.C and BATISTA,A.A.
"The Crystal and Molecular Structure of Bis[1,3-bis(diphenylphosphino)propane]
dichlororuthenium(Il)"
Journal of Coordination Chemistry, 1992, accepted, in press.

BATISTA,A.A, PORCU,0.M,, NASCIMENTO,O.R., BARBOSA, V.M. and OLIVA,G.
"Trichloro-Bridged Diruthenium (ILIII) Complex: Preparation, Properties and X-ray
Structure of tri(-p-chloro)-dichlorocarbonyltris(triphenylphosphine) diruthenium(II,IIT)"
Journal of Coordination Chem., 1992, accepted, in press.

BATISTA, A.A., ZUKERMAN-SCHPECTOR, J., PORCU, O.M., QUEIROZ, S.L,
ARAUIJO, M P, OLIVA, G. and SOUZA, D.HF.
"Molecular structures, electrochemical and spectroscopical properties of
dichlorodicarbonylbis(triphenylphosphine)ruthenium(Il) and
dichlorodicarbonylbis(triphenylarsine)ruthenium(Il)"
Polyhedron, submmited (1993).

BATISTA,A.A., OLMO,L.R.V,, FONTES,M.R.M. and OLIVA, G.
"The X-ray crystal structure of the dichlorocarbonylbis(methylimidazole)
methanolruthenium(II) and some properties of the
dichlorodicarbonylbis(methylimidazole)
ruthenium(I) complex.
Inorganica Chimica Acta, submmited (1993)

Os trabalhos submetidos acima mencionados sdo, na sua forma de manuscritos, muito
extensos. Buscando uma razoével concisdo para este texto de sistematizagdo, incluo apenas
a pégina de rosto e sumdrio destes trabalhos. Cépias completas dos mesmos estdo incluidas
na documentagdo completa do Memorial que acompanha este texto
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ABSTRACT

The cct isomers [RuCl,(CO),(PPh,),] () and [RuCl,(CO),(AsPh,),] (II) were synthesized
from [RuCl,(PPh,),DMA]JDMA and [RuCl,(AsPh,),DMA]DMA, respectively. The complexes
were characterized by elemental analysis, IR and UV/Vis spectroscopy and their molecular
structures were determined by X-ray crystallography. Both complexes crystallize in space group
P2,/n. The stouctures were solved by the heavy-atom Patterson method and refined by least-
squares analysis; (I) a = 10.364(3), b = 25.913(5),¢c = 12.634(2)A, B =100.29(4), R = 0.033 and
R, = 0.034 for 4438 unique reflections; (IT) a = 10.519(1), b = 25.753(1), ¢ = 12.7684(6)A,
B = 101.116(7)°, R = 0.030, R, = 0.03 for 4304 unique reflections. Cyclic voltammetry data

show that the triphenylphosphine stabilizes better the Ru(Il) complex than the tryphenylarsine

ligand.

INTRODUCTION

In view of the increasing ncccssity to obtain products of high degree of purnty there has
been a great deal of interest in catalysts that are capable of performing selective homogeneous
processes like reactions of hydrogenation of unsaturated substrates. Transition metal complexes
have figured prominently in these reactions as excellent catalysts, in particular, complexes of
ruthenium in low oxidation state containing tertiary phosphine in their structures. Thus in 1965
Wilkinson's group have shown that the [RuCl,(PPh,),]) and [RuCl,(PPh,),] are extremely efficient
for the reduction of alkenes and alkynes at 25°C and 1 atm™. The accumulated data on the use

of ruthenium-phosphine systems for hydrogenation reactions is now substantial and it is well
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The Crystal Structure
of the dichlorocarbonylbis(methylimidazole) methanolruthenium(lI) and some

properties of the dichlorodicarbonylbis(methylimidazole)ruthenium(ll) complex

Alzir A. Batista and Lis R. V. Olmo'; Marcos R.M. Fontes and Glaucius Oliva?
'Departamento de Quimica, Universidade Federal de Siéo Carlos, CP.676, 13560, Sao Carlos/SP,
Brazil '

Instituto de Fisica € Quimica de Sao Carlos, Universidade de Sao Paulo, CP.369, 13560, Sac
Carlos/SP, Brazil
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Abstract

The RuCl,(CO),(Melm), (Melm = N-methylimidazole) complex has been synthesized and
the t1t, e and cic isomers were characterized by infrared and UV/Vis spectroscopy and theis
redox properties were studied by cyclic voltammetry. The tt isomer cawlyzes the
hydrogenation/isomerization reactions of allyl alcohol in presence of hydrogen at 70 °C and 1
atm. This can be attributed to the Jower redox potential of this isomer compared with the other
two. Recrystallization of the tit isomer produces the RuCl,(CO)(Melm),(MeOH) complex. lts
structure was determined by X-ray crystallography. The crystals are triclinic, Pl a=8.609(3),
b=8.060(3), c=10.581(4)A, a=77.78(3), P=88.43(3), y=66.88(3)°, V=740.4(5)A’, Mr=396.24,
2=2.D,=1.777 g.cm’, AMMokw)=0.71073A, p=12.80 cm’, F(OOU)=386, T=296K, R, =.004. fina)
R=0.025 and Rw=0.027 for 2489 independent observed reflections [1>306(1)]).
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V1.3 Outras estruturas. Trabalhos publicados em Inorganica
Chimica Acta (1 publicado, 2 submetidos) e Acta
Crystallographica (7 trabalhos publicados).

Durante os primeiros anos que se seguiram ao meu retorno ao DFCM apés meu
doutoramento na University of London, Inglaterra, enquanto estdvamos instalando a
infraestrutura do Laboratério de Cristalografia de Proteinas e buscando o estabelecimento de
linhas préprias de pesquisa no campo, mantivemos atividade constante na 4rea de
cristaloquimica, estudando diversos problemas estruturais de moléculas pequenas. Desta
atividade resultaram diversos trabalhos publicados, envolvendo estruturas de compostos
organicos e complexos de metais de transi¢do. Apresentamos estes trabalhos a seguir.

ZUKERMAN-SCHPECTOR, J., CASTELLANO, E.E. & OLIVA, G.
"The Crystal and Molecular Structure of Bromo  bis(1-phenyl-3,5-
dimethylpyrazole)copper(I), CuBr(pdmp),"
Inorganica Chimica Acta, (1990), 175, 1-2.

CASTELLANO, E.E, OLIVA, G. & ZUKERMAN-SCHPECTOR, J.
"Structure of Dibromobis(triphenylarsine oxide)nickel(II), NiBr,(Ph;AsO),"
Acta Crystallographica (1991), C47, 654-655.

ZUKERMAN-SCHPECTOR, J., CASTELLANO, E.E., OLIVA, G., BROCKSOM, T.J. &
CATANI, V.
"Structure of Methyl [Ir, 2r, 9r]-12-Isopropyl-9-methyl-10,13-dioxo-phenylthio-
tricyclo[7.4.0.0*%]trideca-6,1 l-diéne; 1-carboxylate.”
Acta Crystallographica (1991) C47, 358-360.

ZUKERMAN-SCHPECTOR,J.,, CASTELLANO,E.E., SIMONE, C.A., OLIVA,G. and
MAUROL,E.
"Structure of Di-p-cyanato-bis[cyanato(N,N-diethylethylenediamine) copper(lIl),
[Cu(NCO),(diEten)],"
Acta Crystallographica (1991) C47, 957-959.
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ZUKERMAN-SCHPECTOR,J., CASTELLANO,E.E., OLIVA,G., COMASSETO,J.V. and
STEFANLH.A.
"Structure of Dichloro [(Z)-2-chloro-2-p-tolylvinyl}(p-methoxyphenyl)telturium(IV)"
Acta Crystallographica (1991) C47, 960-962.

ZUKERMAN-SCHPECTOR,J., De SIMONE,C.A., CASTELLANO,E.E., OLIVAG.,
FERREIRA, J.T.B. and CATANLV.
"Structure of 6,7-dimethoxy-2,2-dimEthyl-2H-chromene. A natural precocene.
C;:H,,0"
Acta Crystallographica (1991) C47, 1111-1113.

FONTES, M.RM., OLIVA, G., ZUKERMAN-SCHPECTOR, J., QUEIROZS.L. and
BATISTA,AA.

"Structure of 1,4-bis(diphenylphosphinoyl)butane.

Acta Crystallographica (1991) C47, 2699-2700.

DELBONI, L.F. and OLIVA,G.
"Structure of 6(S)-cyanomethyl-3(S)-ethyl-2-0x0-1,2,3,4,6,7,12a,12b(S)-
octahydroindolo [2,3-a]quinolizines, C,;H,,N,;0.
Acta Crystallographica (1992) C48, 953-955.

SIGNORINI, O., DOCKAL, E.R., CASTELLANO, G. and OLIVA, G.
"Synthesis, Characterization and Crystal Structure of the UOGN,C,H,,.2H,0
Complex" |
Inorganica Chimica Acta, (1992), submitted

ZAMIAN, JR., DOCKAL, E.R., CASTELLANO, G. and OLIVA, G.
"Synthesis, Characterization and Molecular Structure of the VO,N,C,H,,.H,O
Complex"
Inorganica Chimica Acta, (1992), submitted

Os trabalhos submetidos acima mencionados sdo, na sua forma de manuscritos, muito
extensos. Buscando uma razodvel concisdo para este texto de sistematizagdo, incluo apenas
a péagina de rosto e sum4rio destes trabalhos. Cépias completas dos mesmos estdo incluidas
na documentagio completa do Memorial que acompanha este texto
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complexes while Fig. 2 illustrates the molecular
packing and the chiral nature of the two complexes.
All computer programs from the TEXSAN crystal-
structure-analysis package (Molecular Structure Cor-
poration, 1985).

Related literature. The title compound is the first
reported osmium compound containing the 1.4,7-
tnazacyclononane macrocycle. Compounds of this
ligand with ruthenium have been reported by Wiegh-
ardt, Herrmann, Koppen, Jibril & Huttner (1984).

Acta Crysi. (1991). C47, 654655

[0sCH(CO){P(CeHs);: (CeH 1 sNy)),{ZnClL)
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Structure of Dibromobis(triphenylarsine oxide)nickel(Il), NiBr,(Ph;AsO),

By E. E. CasTeLLANO, G. OLIVA AND J. ZUKERMAN-SCHPECTOR

Instituto de Fisica e Quimica de Sdo Carlos, Universidade de Séo Paulo, Caixa Posial 369,
13560 Sdo Carlos SP, Braczil

(Received 4 June 1990, accepted 17 Augusi 1990)

Abstract. C,,HiAs:Br,NiO,, M, = 863-01, ortho-
rhombic, Pca2,, a= 18-826(5), b= 10-594 (6), c =
17-402(6) A, V=34704)A*, Z=4, D,=
1652 gcem ™, A(Mo Ka) = 0-71073 A, u=
47-60cm ™', I000) = 1704, T = 298 K, R = 0-059 for
724 observed reflections. The Ni" atom is coordi-
nated to two Br ions [Br—Ni = 2-39 (1), 2-364 (8) A]
and to the O atoms of the (Ph,AsO) groups [Ni—O
= 194 (3). 2-00 (3) A} in a distorted tetrahedral con-
figuration [Br—Ni—Br = 123-1 (§)'].

Experimental. Synthesis of the title compound was
performed as previously reported (Oliva, Casteliano,
Zukerman-Schpector & Massabni. 1984). The data

collection and refinement parameters for the title:

compound are summarized in Table 1. ,

The structure was solved by Patterson and
difference Fourier synthesis techniques. In the final
cycles of blocked-matrix refinement only the heavy
atoms As, Br and Ni were refined anisotropically; the
pheny! rings were treated as rigid groups with indivi-
dual isotropic temperature factors for the C atoms
and a fixed isotropic temperature factor (B = 4-7 A?)
for the H atoms. Scattering factors for non-H atoms
were taken from Cromer & Mann (1968) with
corrections for anomalous dispersion from Cromer
& Liberman (1970) and for H atoms from Stewart,
Davidson & Simpson (1965). Programs used were
SHELX76 (Sheldrick, 1976) and ORTEP (Johnson,
1965).
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Final atomic coordinates are listed in Table 2 ¢
selected interatomic distances and angles are given in
Table 3. Fig. 1 is a stereoscopic projection of the
complex.

Related literature. In a previous paper (Oliva,
Castellano, Zukerman-Schpector & Massabni, 1984),
the synthesis and the crystal structures of the two
complexes NiBr,.4(Ph,AsO).8H,O (green) and
NiBr,.4(Ph;As0).3/2(C,H.CH,).H,O (orange) ob-
tained from the title compound (blue) by recrystalli-

® Lists of structure factors, anisotropic thermal parameters, a
complete list of C-atom parameters and H-atom parameters have
been deposited with the British Library Document Supply Centre
as Supplementary Publication No. SUP 53493 (16 pp.). Copies
may be obtained through The Technical Editor, Internationa!
Union of Crystallography, 5 Abbey Square, Chester CH1 2HLU'.
England
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Fig. 1. Stereoscopic projection of the complex.
© 1991 International Union of Crystallography
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Table 1. Crystallographic summary: for

NlBl’z(Ph.\ASO)z
Duta collection**
Mode 20
Scan rate ( oun ') 1967
@ range () 022
Range of Ak! Oshs19.0sks)), 0/ 1B
Umque reflecuons 2209
Crystal dimensions approx (mm) 008 018> 030
Structure refinement
Refiections used [/ > 20())) 724
Number of vanabies 126
R wR 0059, 0-06!
S 075
Max shiftesd 01
Max. min density in 055 -08)

difference map (e A ")

(@) Unitcell parameters by least-squares refinement of the
setting angles of 23 reflections with 10< 6 < 22 .

(b) Enraf-Nonius CAD-4 diffractometer with graphite mono-
chromator was used. Standard reflections showed no significant
vanation

(c) The intensities were corrected for Lp and for absorption.
min. and max values 0-85-1-02 (Walker & Stuart, 1983)

() Functuion minimized was w{ F, - F. ). where w '=
o(F, )+ 0007S F,°.

Table 2. Fractional atomic coordinates and isotropic
temperature factors (A?) (onlv two C atoms for each
rigid pheny! ring are given)

X ) H B

Brth 04470 (3) 06576 (5) 04261 (7) S8 (2)
Bi(2) 04620 (1) 10272 (5) 0341 () 51()
N: 04762 (M) 0-8070 (6) 03285 () 3T
Asl) 06205 () 07067 (5) 02423 (7) 3I7()
Ax(2) 03872(2y 0Bl14(S) 0-1875 (") 33
(o TH} 0577(2) 0783 (3) 0310 () 50 (%)
2) 0430 (2) 0756 (3 0-230(2) 579
can 0281 (1) 0-840 (3) 0256 (2) 4(1)
Cli12y 0221 () 0908 (3) 0231 (2) S
C(121) 037 (1 0963 (2) 0133 (2) 24(9)
C(122) 0365 (1) 1081 (2) 0168 (2) 6(1)
C(131) 0333 (2) 0-682 (3) 0115(2) 5
C(13) 0264 (2) 0665 (3) 0087 (2) 5
cQin 0583 (1) 0-546 (2) 0226 (2) 6(1)
C212) 0-561 (1) 0475 () 0-289 (2) 7()
21 0630 (2) 0803 (}) 0152(2) 4
CQ22) 0692 (2) 0802 (3) 0108 (2) 5
C(23) 0713 (1 0-673 (2 0277 (1 4
C(232) 0752(hH 0-565 (3) 0261 (2) 51

Acta Cryst. (1991). C47, 655657

Table 3. Selected interatomic distances (A) and

angles (°)
Brii)—Ny 2% (h A H—Cr2h 18 (N
(2 —N 234 (8 As()r—Cx231) 190
Ne—Ox 1) 194 (3) AN2r—O2) 166 (V)
Nr—O(2) 200 () A—QUiih 19
As( 1 —Ox1) 148 () Ax2—C1I21) 183 ()
A —Q(211) 187 () Ax—QId 192 0
Br(H)—Nr—Be(2) 1231 ($) Q21 1H—As 1H—Or231) 0 (1)
Bt —Ne—Ox 1) 108 (H) Q21)—AxH—Q231 107 (1)
B =N —O( ) 109 (1) OIr—Ad 22—t e
B 2r—Nr—Ox 1) 108 (h) O~ As 21121y Ha
B2 —Nr—On2) 108 (1) O Ad2—C1131 104 (1)
O 1 —Nr—OX(2) 104 (1) QUir—AD—C121 107 (1)
Geir—As 1 —Qu211) min Qhh—Ax2—Q Y Ho(n
O H—AN1—CY22) 121 QU2 Ir—AdDH—CUI M) 10R (1)
O—As H—C2 W0 109 () N—Oti—Ax 132
Q21 —As( 1 —C 221 Hid (1) Mr—O(2—ADY 130 (1)

zation were reported. At that time it was not possible
to produce single crystals of the blue complex. The
present crystals were of poor diffracting quality and
did not allow measurements of data with a resolution
good enough to perform anisotropic refinements for
all the non-H atoms and for accurate calculation of
distances and angles. Nevertheless, the main aim of
the present study could still be achieved. namely the
unambiguous determination of the (somewhat dis-
torted) tetrahedral coordination around the Ni ion.

This work has received partial support from
CAPES. CNPq. FAPESP and FINEP.
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Structure of a Bis{|(2,3-5,xP’)-1,2-diphospha-2-propene]nickel}

BY MARTIN NIEGER, GREGOR BRUDFR AND ROLF APPLL

Institut fur Anorganische Chemie der Universitdt, Gerhard-Domagk-Strafc 1, D-5300 Bonn, Germuan,

(Received 30 July 1990, accepred 31 August 1990)

Abstract.  Bis[u-(3.4-9.xP*)-5-chloro-2.2.6.6-tetra-

methyl-3-phenyl-4,5-diphospha-2-silahept-3-ene]bis-

lcafbonylnickcl(o)]. C;onClgNi:OzP‘Si:. M, =
0108-2701/91/030655-035803.00

146

807-0, monochnic, P2, ¢, a- 1K41K(4). b
10:697 (3). ¢~ 21-080(7)A, B=10232(2).
4057 A%, Z=4, D,-132Mgm ', A(Mo Ka) -
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Structure of Methyl (1R,2R,9R)-12-1sopropyl-9-methyl-10,13-dioxo-7-phenylthio-
tricyclo]7.4.0.0*¢jtrideca-6,11-diene-1-carboxylate

By J. ZUKERMAN-SCHPECTOR, E. E. CASTELLANO AND G. OLIVA

Instituto de Fisica e Quimica de Séo Carlos, Universidade de Sdo Paulo, Caixa Postal 369,
13560 Sdo Carlos, SP, Bra:il

AND TIMOTHY J. BROCKSOM AND V. CATANI

Depariamento de Quimica, Universidade Federal de Sdo Carlos. Caixa Postal 676,
13560 Sdo Carlos, SP, Bra:zil

(Received 14 March 1990, accepied 30 April 1990)

Abstract. C,H.:OS. M, =424-56. monoclinic,
P2,/n, a= 10138 (2). b=14538 (3), c=
15829 (2) A, B=10654(1), V=228 (1)A}, Z=
4, D,=1236gcem >, AMoRa)=071073A, u=
1:61cm™ ', AO00)= 904, T =298 K. R= 0050 for
2029 observed reflections. The five-membered ring is
in an envelope conformation with C(3) out of the
plane. the cyclohexene nng in a half-chair conforma-
tion with C(1) and C(9) out of the plane, and the
cyclohexenedionc is in a sofa conformation with C(1)
out of the plane. The basic tricyclic system adopts an
overall hemispherical conformation.

Introduction. The title compound (I) was prepared by
a Diels-Alder reaction (Catani & Brocksom, 1989).
The crystal structure determination was carried out
in order to investigate the influence of the bulky
—S—Ph substituent on the overall conformation of
the molecule; in particular we were interested in a
comparison between (1) and (1) (Zukerman-
Schpector, Castellano, De Simone, Brocksom &
Catani, 1990). Knowledge of the molecular confor-
mation helps in the prediction of the steric course of
subsequent reactions (Trost, 1983) and in the pre-
diction of the orientation of similar Diels-Alder
reactions (Woodward & Hoffman, 1970).

>

O,

(m

Experimental. A single colourless crystal of (I) with
approximate dimensions 0-15 x 0-28 x 0-:30 mm was
used for data collection and cell determination on an
Enraf-Nonius CAD-4 diffractometer with graphite-

0108-2701/91/020358-03503.00

monochromatized Mo Ka radiation.  Unit-cell
parameters were obtained from a least-squares
refinement of the setting angles of 25 reflections in
the 8 range 8 to 24", Intensity data were collected in
the 626 scan mode up to 8,,,, = 25, 4087 reflections
were measured of which 3935 were independent (R,
=0016; ~12<h<l1l, 0<k<17, 0</<18) and
2029 with /> 3o(]) were employed in the refinement
procedure. Data were corrected for Lorentz and
polarization effects. The intensities of two standard
reflections (800 and 080) were essentially constant
throughout the experiment.

The structure was solved using standard direct
methods and difference Fourier techniques. In the
final cycles of full-matrix least-squares refinement (Q
= 7-46), all non-H atoms were treated anisotrop-
ically. H atoms were included at positions found in
difference synthesis, all with a common isotropic
temperature factor that refined to U= 0-12 A2, The
function minimized was Yw(|F,| — |F,|)’, where w™!
= g*(F,) + 0-0005F, resulting in R= 0050, wR=
0-053 and S = 1-63. Maximum shift to e.s.d. ratio
0-001 and maximum and minimum electron density
in final difference map 0-28 and —0-19 ¢ A~3. Scat-

“tering factors for non-H atoms were taken from

Cromer & Mann (1968) with corrections for anoma-
lous dispersion from Cromer & Liberman (1970); for
H atoms from Stewart, Davidson & Simpson (1965).
Programs used: SHELX76 (Sheldrick, 1976) and
ORTEP (Johnson, 1965).

Discussion. The final atomic parameters are given in
Table 1,* bond distances and angles in Table 2. A

¢ Lists of H-atom positions, anisotropic thermal parameters
and structure factors have been deposited with the British Library
Document Supply Centre as Supplementary Publication No. SUP
53222 (23 pp.). Copies may be obtained through The Technica!
Editor, International Union of Crystaliography, 5 Abbey Square,
Chester CHt 2HU, England.

© 1991 Intermational Union of Crystallography
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Table 1. Final aiomic coordinaics and isotropic

temperature factors (A?)

x y 2 B.*
s 04189 (1) 01287 (1) -0-0835 (1) $27(4)
o) 01445 (3) 01790 (2) 0096} (2) SO0 (1)
o) 01237 (%) 04770 (2) - 00909 (2) s$In
o) 02368 (V) 04813 (2) 01392 (2) $0 (1)
O4) 01990 (V) 0 3646 (2) 02198 (2) 591(1)
an 0 2580 (4) 03238 {}) 00925 (3) 34
cQ) 03939 (4) 02764 (3) 0134303 3I9()
ald) 0-4225 (%) 02227(V) 02231 () $5¢2)
) 0-5468 () 01666 (3) 02214 (3) 60(2)
as 05167 (4) 017 (Y) 01262 (1) $1(2)
o) 0-4268 (4) 02072 () 00729 () 3o ()
Ct 013731 (4) 02107 () -00144 (3) 37 ()
an 02720 (4) 02820 () ~0-05%4 (3) 39 (1)
c®) 02623 (4) 03637 ()) 00018 (2) 34 ()
C(10} 01296 (4) 04121 () ~00414 (3) 3I9Q1)
alh 0-006) (4) 03732(3) ~ 00280 (3) 46(1)
i) 0-00%0 (4) 03010 (Y 00243 (3) 43())
[a1})] 0 1365 (4) 02590 (}) 00737 (3) 38 (1)
e 03830 (4) 0-4283 (3) 0-0086 (3) 45
ais) 02312 (4) 0-4004 (3) 01515(3) 40(1)
aie) 01652 (6) 0-4299 (4) 02797 (3) 74(2)
i ~01205¢(%) 02564 (1) 0-0350 (4) 65(2)
cum -0 1348 (7) 02786 (4) 01248 (5) 100 ()
\19) -0 2466 (6) 02855 (%) ~0-0355 (6) 107(3)
C(20) 02652 (4) 0-0702 (3) -01294 () 40 ()
cy 01785 ($) 0-0484 (3) ~ 00798 (3) $0(2)
c(22) 00618 (5) -00017 (3) -01175 (4) 62(2)
2y 00E (6) - 00111 (4) - 02017 (4) 66(2)
Qe 01174 (6) ~ 00107 (4) ~02%15(3) 66(2)
C(28) 023M (5 0-0411 () ~02166 (3) $4(2)

.B... = 43.‘.:;: 8,

stereoscopic projection of compound (1) is shown in
Fig. 1 where the phenyl ring has been omitted for
clarity.

The main result of the present communication is
that the basic tricyclic system adopts, as in the case
of (II), an overall hemispherical conformation: a
least-squares fit (Kabsch, 1976) between equivalent
atoms of the tricyclic systems gives a mean deviation
of 0:044 A and a root-mean-square deviation of
0-051 A, showing that the —S—Ph substituent has
virtually no conformational influence.

The five-membered ring is in an envelope confor-
mation with C(3) 0-624 (5) A out of the plane defined
by the other four atoms. The cyclohexenedione ring
conformation is close to that of a sofa with C(l)
0-709 (4) A out of the plane defined by the other five
atoms. The cyclohexene ring is in an essentially
half-chair conformation with C(1) 0-517 (4) A above
and C(9) 0-308 (4) A below the plane defined by the
other four atoms. The pheny! ring is planar to within
expenmental accuracy (a,, = 0:007 A).

The C(15—0(3) carbonyl bond length of
1196 (5) A is in the range normally observed in
esters (Allen, Kennard, Watson, Brammer, Orpen &
Taylor, 1987).

The intermolecular distances are in the expected
range for non-bonded contacts: C(6)-O2}~x, 1 —
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Table 2. Interatomic bond distances (A) and angles (°)

s—am 1-771 (4) $—C(20) 1-766 (4)

O hH—C1y) +-212(%) O2—C10) 1217(%)
O3)—C(1$) 1-196 (8) Oe—CY18) 1325(%
O(4)—CY16) 1453 (6) QN—-C(2) 1-535 (6)
CH—Q) 1-561 (S) Q1) 1-830 (6)
O—C(15) 1529 (6) C2r—C3) 1561 (6)
C2r—C6) 1504 (6) COHOr—C 1829 (7)
Cre—C(5) )1 526 () C(5)—Ct6) ) 507 (6)
C6—C(7) 1:335(6) COr—Ct8) 1 S00 (6)
Ci8)—C(9) 1554 (5) C(9—-C1190) 1-520 (6)
a—C(i4) 1-541 (6) alo—Cul) )-464 (6)
COon—C(12) 1339 (6) G12)-Cay 1-492 (6)
C2—C(17) 1503(7) Ciny—Carry 151 Q)
CO)y—C(19; 15141 C(20)y—C(21) §-386 (7))
C(200—C(25) } 39) (6} G2 )—C2Y 1390 (7)
C(22—C(23) 1-349 (8) C(23)—C(24) 1375 ¢9)
C(24)—C(25) 1-390 (8)

C(N—-S—C(20) 1022 (2) CIS5—O(4r—C(16) 1160 (4)
CQr—C(1)—C(9) 1075(3) CH—C(1)—C(13) 1140 (3)
C(2)—C(1)—C(18) 111-5(3) C(9)—C(1)—C(1}) 106 7 (3)
CO9r—C(1)—C(15) 1104 (3) CUI—CO—C(15) 1066 (3)
CH—C(2—C()) 1219 (3) C1 —C(2)y—C(8) nr? ()
C(3r—-C(2)—C(6) 1032()) C——C(31r—Ci4) 10} 3 (4)
Cr—C4)—C(5) 104 4 (4) C(4)—C(5—Ct(6) 104-5 (4)
C(2—C(6—C(5) 109 2 (3) C(2)y—C(6)—C(7) 1226 (4)
C(3)—C(6)»—C(7) 1279 (4) §$—C(1)y—C16) 1205 (3)
S—C(—C(8) o4 (3) C(6)—C(1—C(8) 123 1 (4
C(7—C(8)—C(9) 131 () CO—C(9)—C(8) 108 2 (3
C(1—C(9)—C(10) 1091 (3) CO —C(9—C(14) 1134 (3)
C(8)-~C(9)—C(10) 106 8 (3) CI(Ry—C(9)—C(14) 108 3 (3
CHo—CoOr—-C(14) 110 (3) O2—C(10—C(9) 121 8 (&)
O(—C{10y—C(t1) 1204 (4) CL9)—C(10y—C(11) 1179 (4)
CO0O)—C(11)—C(12) 12374 CON—C(12)—C(13) 118 5¢4)
CON—CO—C(1T) 1247 (4) CUN—CU2—C(17) 1168 (4)
O —C(13)—C(1) 1234 (1) O(H—C(13)—C(12) 121 5(4)
CO—COIH—C(12) 1151 (4) O(N—C(15—On4) 121 6 (4)
O )—C15—C(1) 126 2 (4) O )—C15—C(1) 101 ()
CU2D—C(17—C(18) 109 5(5) CH—CONHY—C(19) 127 (5)
CUI8y—C(17)—C(19) 1099 () S—C10y—C(21) 1219 (3)
$—C(20)—C(25) L ANE)] C(21)—C(20-C(25) 1190 (4)
CQ0)—C21—C(22) 1199 (4) C21)—C(22—C(23) 1212(%)
C(22)y—C(23)y—C(24) 1196 (5) C(23)—C(24)—C(25) 120-8 ($)
C(20)—C(25)—C(24) 119 5(S)

Fig. 1. Stereoscopic projection of the molecule; the phenyl ring has

been omitted for clanty.

¥y, —2)=3396(5), C(6)--O3X-x,
3372 (5 A.

l=y, —2)=

This work has received partial support from
CNPq, CAPES, FAPESP and FINEP. One of us
(JZS) would like to thank the Departamento de
Quimica Inorganica, Facultad de Farmacia,
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Structure of a Modified 8-Lactam Antibiotic
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Abstract. 1-Phenoxy-9b-phenyl-1,4,5,9b-tetrahydro-
2H-azeto[1,2-glisoquinolin-2-one, C.H;4NO,, is a
carbocyclic analogue of cephalosporin. The crystals
are monoclinic, M, = 341, C2/c, a= 23-054 (1), b=
7315(2). c=23713(4)A, B=11508(6), V=
3621'9A%, Z=8, D, =124, D ,=125gcm™?,
A(CuKa)=1-5418 A, u=59cm™', F000)=
1440, T =288 K, final R =0:071 for 2450 observed
reflections. The B-lactam N atom, N(7), is 0229 A
away from mean plane containing C(11), C(5) and

C(25). From the plane N(7)-C(5-C(11)-C(3), atoms "

O(2) and O(1) are in the trans position whereas O(1)
and C(8) are in the cis position. The crystal structure
is stabilized by base-base interactions about the
center of inversion.

Introduction. A large family of antibiotics is known

whose single common structural feature is 8

B-lactam ring. As a class, they consist of penicillins,
* To whom correspondence should be addressed.

0108-2701/91/020360-03503.00

the cephalosporins and non-classical B-lactam anti-
biotics. The penicillins and cephalosporins show
bactericidal reactions by interfering with bacterial
cell-wall synthesis and inhibiting the enzymes that
catalyse the cross-linking reaction of p-alanyl pep-
tides on peptidoglycan strands of the growing cell

‘wall (Blumberg & Strominger, 1974). Several peni-
‘cillins and cephalosporin antibiotics inhibit the syn-

thesis of bacterial cell walls.

Since the B-lactam ning plays a key role in the
biological activity of B-lactam antibiotics, its activity
can be influenced by substituents or fused rings
(Takasuka, Nishikawa & Tori, 1982).

The compound reported here is a carbocyclic ana-
logue of cephalosporin (Sharma, Mchra & Gupta,
1978; Bose, Amin, Kapur & Manhas, 1976) the
structure of which was sought as a part of an
investigation into the geometrical features which pro-
vide significant stereochemical information on the
lability of the B-lactam amide bonds and on the
conformation of the antibiotic in the region of the

© 1991 International Union of Crystallography
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Fig. 1. Molecular structure and crystallographic numbering
scheme empioyed for [PtCl(dppm)C.F,] (Johnson, 1971).

atom, a C atom from the pentafluoroaryl group and
two P atoms from a bidentate dppm ligand. The
deviations from the least-squares plane through the
four donor atoms are significant: Cl1 —0-025 (1), P(1)
0-023 (1). P(2) —0-024 (1) and C(1) 0-346 (4) A; the
Pt atom lies 0:1099 (2) A out of this plane. The
distortion from ideal square-planar geometry may be
related to the restricted bite distance of the bidentate
ligand which imposes a P—Pt—P angle of 73-9 (1)°.
As a consequence, the two angles P(1>—Pt—Cl and
P(2)y—Pt—C(1) are each opened up to approximately
99°, In the related complex, Pt(C¢H;).(dppm), there
is also a deviation from square-planar geometry
[P—Pt—P 73 (1)°), but the Pt atom and the four
donor atoms are coplanar (Braterman, Cross,
Manojlovic-Muir, Muir & Young, 1975) by contrast
with the present complex.

The Pt—P bond distances, Pt—P(1) 2-295 (1) and
Pt—P(2) 2224 (1) A, are not equivalent with the

Acta Cryst. (1991). C47, 957-959

957

shorter bond distance being trans to the Cl atom
reflecting the greater trans-influence of the aryl C
atom over that of the Cl atom; this effect has been
reported previously for a related complex PtCl(dcy)-
C¢F s (dcy = dicyclopentadiene) (Deacon et al., 1989).
The longer Pt—P bond distance is comparable to
the Pt—P bond distances of 2:30 (1) A found in
Pt(C¢H;)(dppm) (Braterman et al., 1975). In order
to relieve possible steric interactions between the
phenyl groups bound to the dppm ligand and the
CeFs group, the latter is oriented such that the
dihedral angle between it and the square plane about
the Pt atom is 60-4°; the C¢F; group is perpendicular
to the coordination plane in PtCl(dcy)C¢F s (Deacon
et al., 1989), where steric interactions are greater.

This study was carried out during the tenure of
grants from the Australian Research Council and the
Anticancer Council of Victoria. This support and the
loan of platinum from Johnson Matthey are grate-
fully acknowledged.
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Structure of Di-u-cyanato-bis[cyanato(/V,N-diethylethylenediamine)copper(II)],
Ns [Cu(N CO)z(divEte‘n)l2

By J. ZUKERMAN-SCHPECTOR, E. E. CASTELLANO, C. A. DE SIMONE AND G. OLIvA

Instituto de Fisica e Quimica de Sdo Carlos, Universidade de Sdo Paulo, Caixa Postal 369,
13560 Sdo Carlos SP, Brazil

AND A. E. Mauro
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(Received 15 August 1990; accepted 11 October 1990)

Abstract. [CUZ(NCO)4(C6N2H16)2], M, = 527'56,
monoclinic, P2;/c, a=11-586 (2), b=7-279 (1), c¢=
13742 () A, B=96:02(2)°, V=1152:5(6) A3, Z=

0108-2701/91/050957-03$03.00

2, D,=1520gcm™>, A(Mo Ka)=0-7T1073 A, p =
18-87 ecm ™', F{000) = 548, T =296 K, R =0-033 for
1393 observed reflections. The compound is in a

© 1991 International Union of Crystallography
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958 [Cu(NCO):(diEten)],

dimeric form. Each metal atom is coordinated to five
N atoms: two from one diEten group [Cu—N =
2:102 (3), 1:974 (3) A), one from a terminal cyanate
group [Cu—N = 1938 (4) A] and two belonging to
bridging cyanate groups [Cu—N = 2:017 (3),
2-450 (4) A), giving rise to a distorted, elongated
square-pyramidal configuration. The Cu--Cu dis-
tance is 3-236 (1) A. Dimers are linked through H
bonds involving the O of the bridging cyanate and
the NH, end of diEten [N(4)--O(1)(-x, —1—3.
1—2)=2943 (5) A, N(4)—H(@4)--O(1) = 1652 (2)°].

Introduction. One of our research interests has been
the solid-state structural characterization of copper
compounds with nitrogen-based ligands (Zukerman-
Schpector, Castellano. Oliva, Mauro & Roveri, 1985;
Zukerman-Schpector, Castellano, Mauro & Roveri,
1986). because structural parameters from copper
amine complexes may be related to those of bio-
logical systems such as copper-containing proteins
(Chaudhuri, Oder, Wieghardt, Nuber & Weiss,
1986). As part of this study the title compound was
synthesized and its structure determination carried
out.

Experimental. To a solution 2-82mmol of
Cu(NO,),.3H,0 in methano! was added a 2-82 mmol
solution of diEten, followed by a dropwise addition
of a 6:47 mmol water solution of KCNO. The mix-
ture was stirred for 15 min at room temperature and
the compound obtained was filtered off, washed with
Et;O and dried in vacuo. Recrystallization from
methanol yielded prismatic blue crystals.

A single crystal with approximate dimensions 0-13
x 0-30 x 0-35 mm was used for data collection and
cell determination on an Enraf-Nonius CAD-4 dif-
fractometer with graphite-monochromatized Mo Ka
radiation. Unit-cell parameters were obtained from a
least-squares refinement of the setting angles of 25
refiections in the 6 range 12 to 24°. Intensity data
were collected in the w/260 scan mode up to 6, =
25%; 2106 refiections were measured, of which 2002
were independent (R;,, = 0013, —13<h=<13,0<k
<8, 0=</<16) and 1393 with I=40(]) were

employed in the refinement procedure (137 param-.
eters refined). Data were corrected for Lp and

absorption, maximum and minimum transmission
factors were 1-16, 0-81 (Walker & Stuart, 1983). The
intensities of two standard reflections (029, 606) were
essentially constant throughout the experiment.

The structure was solved using the heavy-atom
Patterson method and difference Fourier techniques.
In the final cycles of least-squares refinement, on F’s,
all non-H atoms were treated anisotropically. H
atoms were included as fixed contributors at posi-
tions found in a difference synthesis, slightly
modified, when possible, on stereochemical grounds,

Table 1. Final fractional atomic coordinates and
isotropic temperature factors (A?) with e.s.d.'s in
parentheses

*8,.=155,B,(a, 1)

X ¥y z B..*
Cu 0-1259 (1) 00935 () 0-5274 (1} 253 (1)
N() - 0-0205 (3) -0-1940 (5) 0-4541 (3) 36(1)
N2y 0-1882 (3) -0-0104 (6) 0-4095 (3) 40 (1)
N(3) 0-2890 (3) -0:0939 (5) 0-6103 (2) 278 (9)
N(4) 0:0677 (3) -0-1639 (5) 06521 (2) 290 (9)
Oo(l) —0-0868 (3) ~0-4329 (5) 0:3478 (3) 59 (1)
02) 0:3011 (5) 01976 (9) 0-3340 (4) 102(2)
C(h =0-0513 (3) -0-3141 (5) 0-4036 (3) 31
C(2) 0-2437 (4) 00922 (7 0-3724 (3) 43 (1)
C(3) 0-1528 (3) -0-1144 (7) 0-7345 (3) 351
C(4) 0-2697 (3) -01720 (7) 0-7068 (3) 3:9(1)
C(5) 0-3729 (4) -02077(7) 0-5608 (3) 41 (1
C(6) 0-3291 (3) 0-1002 (6) 0:6191 (3) 374N
C(7) 0-4479 (4) 0-1318 (8) 0:6750 (4) 53(2)
C(8) 0-3239 () —0-3880 (8) 0-5234 (5) 59 (2)

Table 2. Interatomic distances (A) and angles (°)

Cu—N(1) 2017 (3) Cu—NQ) 1-938 (4)
Cu—N(3) 2102 (3) Cu—N(4) 1974 (3)
Cu—N(1") 2-450 (4) Cu—Cu’ 3236 (1)
N(1)y—C(1) 1-149 (5) N@2—C(2) 1-140 (6)
N(3)—C(4) 1-481 (5) N(3)}—C(5) 1-494 (6)
N@3)—C(6) 1.488 (6) N(@4)—C(3) 1-466 (5)
C(H—o() 1-199 (6) C2)—02) 1176 (8)
C(3)—C4) 1-504 (6) C(5)—C(8) 1-499 (8)
C(6)—C(7) 1-522 (7)

N(1)—Cu—N(2) 936 (2) N(1}—Cu—N(3) 1587 (1)
N(}}—Cu—N4) 896 (1) N(I—Cu—N(1") 877 (1)
N2 —Cu—N(3) 93:5 (1) N(2)—Cu—N(4) 1761 (1)
N(2)—Cu—N(1") 931 (1) N(3)—Cu—N(4) 842 (1)
N(3)—Cu—N(1") 112:0 (1) N@)»—Cu—N(1) 850 (1)
Cu—N(1)—C(1) 140-3 (3) Cu—N(1)—Cv’ 92:3(1)
C(1)—N(1)—Cv’ 1259 (3) Cu—N(Q2)—C(2) 1488 (4)
Cu—N@}—C(4) 1059 (2) Cu—N(3)—C(5) 102 (2)
Cu—N(3)—C(6) 1073 (2) C(4)—N(3)—C(5) 1112 (3)
C(ay—N(3)—C(6) 115 3) C(5)—N@3)y—C(6) 1105 (3)
Cu—N(@)—C(3) 101 (2) N(1)—C(1)y—O(1) 1765 (5)

NQ)»—C(2—0(2) 179-8 (6)
N3)y—C(4)—C(3) 110-1 (3)
N(3)—C(6)y—C(7) 1163 (4)

N(4—C(3)—C(4) 106-6 (3)
N@3)—C(5)—-C(8) 113:6 (4)

Symmetry operation: () —x, —y. -z

all with a common isotropic temperature factor that

‘refined to U = 0-073 A2. The function minimized was
" Xw(|F,| — Rl where

w™!'= g¥(F,) + 0-003F2,
resulting in R = 0-033, wR = 0-036 and S = 0-63. The
maximum shift/e.s.d. ratio was 0-001 and the maxi-
mum and minimum electron densities in the final
difference map were 0-8 and —0-46e A~* respec-
tively. Scattering factors for non-H atoms were taken
from Cromer & Mann (1968) with corrections for
anomalous dispersion from Cromer & Liberman
(1970); scattering factors for H atoms were from
Stewart, Davidson & Simpson (1965). Programs
used: SHELX76 (Sheldrick, 1976) and ORTEP
(Johnson, 1965). :

The infrared (IR) spectrum was recorded as a
Nujol mull between Csl plates on a Nicolet 720-FT
spectrophotomer.
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Discussion. The final atomic parameters are given in
Table 1* and bond distances and angles in Table 2.
A projection of the dimer is shown in Fig. 1.

The compound is in a dimeric form with the two
halves related by a center of symmetry; the Cu--Cu
distance of 3-236 (1) A is sufficiently long to preclude
any significant interaction. The dimers are H bonded
through the NH, end of the diEten group and the
O of the bridging cyanate group: N(4)-O(1)-
(=x, —l-y, 1-2)=2943(5), N@)r—H(N4)=
0941 (3) A, N(4Y—H(N4)--O(1) = 1652 (2)".

The Cu atom exhibits a distorted square-
pyramidal coordination. The equatorial positions are
occupied by four N atoms: two from the diEten
group, one from the terminal and one from a bridg-
ing cyanate; the apical position is occupied by the N
atom of the symmetry-related bridging cyanate
group. As a result of the steric constraints imposed
by the bite of the diEten residue the equatonal plane
is distorted. The Cu atom lies out of the basal plane
by 0-158 (1) A towards the apical N atom.

As in other Cu(diEten) and Cu(diMeen) (diMeen
= N,N-dimethylethylenediamine) complexes (Casa-
grande, Klein, Mauro & Tomita, 1989; Mauro,
Klein, Saldafia, De Simone, Zukerman-Schpector &
Castellano, 1990), the longest Cu—N bond length
involves the most substituted N atom. The Cu—N(1)
distance of 2:017 (3) A is essentially equal to those
found in other cyanate-bridged binuclear copper(1I)
complexes (Valach, Dunaj-Jurco, Garaj &
Hvastijova, 1975; Boillot, Kahn, O’Connor,
Gouteron, Jeannin & Jeannin, 1985).

The coordination chemistry of the cyanate anion
has been extensively considered (Kepert, Kucharski
& White, 1980) and a list of cyanate dimensions of

* Lists of H-atom positions, anisotropic thermal parameters
and structure factors have been deposited with the British Library
Document Supply Centre as Supplementary Publication No. SUP
53651 (13 pp.). Copies may be obtained through The Technical
Editor, International Union of Crystallography, 5 Abbey Square,
Chester CHI 2HU, England.

Fig. 1. Projection of a dimer showing the atom labeling. N(1’) =
N(IY—-x, =y, 1-2).

structurally characterized cyanate-containing mol-
ecules can be found in Cortés, Arriortua, Rojo,
Mesa, Solans & Beltran (1988). In agreement with
the general aspects found for coordinated cyanate
groups, both terminal and bridging cyanates are
essentially  linear [N(1)—C(1)—O(1) = 176:5 (5).
N(2)—C(2)—0(2) = 179-8 (6)°]. They are, however.
asymmetric, the longest N—C and C—O bonds
being those of the bridging cyanate. Cortés e/ al.
(1988) suggest that in agreement with the shorter
N(2)—C(2) bond length, the shortening of the
Cu—N(2) bond length, which is 0-079 A shorter than
that of the Cu—N(l), can be ascribed to a larger
w-donor character in the Cu—N(2) bond.

The IR spectrum shows the absorption bands
corresponding to N-bonded NCO ions (Nelson &
Nelson, 1969; Burmeister & O’Sullivan, 1969). at
2206(w), 2187(s)cm™', vCN; 1214(m)cm™', vCO;
646(m), 618(m) cm ™!, (NCO).

This work has received partial support from
CAPES, CNPq, FINEP and FAPESP which are
hereby gratefully acknowledged.
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Abstract.  [TeCl(C,HgCl)(C,H,0)l, M, =457-26,
orthorhombic, Pbcn, a = 18:829 (3), b=8-809 (3), ¢
=20969 3)A, V=3478(2)A’>, Z=8, D,=
1:747 g cm ™3, A(Mo Ka) =0-71073 A, =
21-75 em ™', K000)=1776, T=296 K, final R=0-034
for 1958 independent observed reflections. The Te'Y
jon is in a trigonal bipyramidal configuration with
the lone pair of electrons at one of the equatorial

positions. Distances and angles are: Te—Cl=
2-478 (2), 2-:521(2); Te—C=2-085(6), 2:117(5)
(aryh A; Cl—Te—Cl=177-65(6); Cl—Te—C=

90-8 (2), 90-2(1), 868 (2), 90-1(1); C—Te—C =
94-1 (2)°.

Introduction. Vinylic tellurides are emerging as
important intermediates in the synthesis of vinyl-
lithium compounds (Barros, Comasseto & Berriel,
1989) which are, in turn, important intermediates in
organic synthesis, either as nucleophiles leading to
products of chain elongation by reaction with many
electrophiles or as precursors of the widely used vinyl
cuprate compounds (Lipshutz, 1989, Comasseto &
Berriel, 1990).

The crystal structure determination of compound
(I) was undertaken because the knowledge of its
stereochemistry is needed, both to predict successive
reaction pathways (it is supposed that transfor-
mations occur with retention of the olefin geometry)
and to postulate the structure of the intermediate
compound in its synthesis.

c ¢
CHj3 \ /
Te 0 —CHy
PaicN
Cl H

)

Experimental, The synthesis of the title compound is
being published eisewhere (Comasseto, Stefant &
Chieffi, 1990).

A single colorless crystal with approximate dimen-
sions 0-20 x 0-40 x 0-45 mm was used for data col-
lection and cell determination on an Enraf~Nonius

0108-2701/91/050960-03%03.00

CAD-4 diffractometer with graphite-monochroma-
tized Mo Ka radiation. Unit-cell parameters were
obtained from a least-squares refinement of the set-
ting angles of 25 reflections in the 6 range 9 to 19°.
Intensity data were collected in the «—28 scan mode
up to 8.5, = 25° 3173 reflections were measured, of
which 2789 were independent (R,,, = 0-025, 0<h <
22, 0<k=<10, 0<!=<24), and 1958 with 7> 3o(])
were employed in the refinement procedure (191
parameters refined). Data were corrected for Lp and
absorption, max. and min. transmission factors 1-16,
0-76 (Walker & Stuart, 1983). The intensities of two
standard reflections (0,0,16, 0,16,0) were essentially
constant throughout the experiment.

The structure was solved using the heavy-atom
method and difference Fourier techniques. In the
final cycles of least-squares refinement on F, all
non-H atoms were treated anisotropically. H atoms
were included as fixed contributors at positions
found in a difference synthesis, slightly modified
when possible on stereochemical grounds, all with a
common isotropic temperature factor that refined to
U =0-086 A%. The function minimized was Sw(F,]
— |F.[)?, where w™ ! = ¢*(F,) + 0-0005F,” resulting in
R=0034, wR=0036 and S=1-34. Maximum
shift-to-e.s.d. ratio was 0-001 and the maximum and
minimum electron densities in the final difference
map were 0-77 and —0:74 ¢ A3, respectively. Scat-
tering factors for non-H atoms were taken from
Cromer & Mann (1968) with corrections for anoma-
lous dispersion from Cromer & Liberman (1970); for
H atoms from Stewart, Davidson & Simpson (1965).
Programs used: SHELXT76 (Sheldrick, 1976) and
ORTEP (Johnson, 1965).

Discussion. Final atomic parameters for non-H
atoms are given in Table 1,* interatomic distances

* Lists of H-atom positions, anisotropic thermal parameters
and structure factors have been deposited with the British Library
Document Supply Centre as Supplementary Publication No. SUP
53713 (18 pp.). Copies may be obtained through The Technical
Editor, International Union of Crystallography, 5 Abbey Square,
Chester CH1 2HU, England.

© 1991 International Union of Crystallography
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Table 1. Final atomic coordinates and eguivalcnt iso-
tropic temperature factors (A?)

x v H B,

B g
Te 0-6878 (1) 01080 (1) 0-4049 (1) 401 (1)
a 05674 (1) 01862 (2) 0-4395 (1) 5-66 (6)
a 0-8080 (1) 00215 (2) 03663 (1) 5-85 (6)
(o6 06163 (2) 01922 (2) 02667 (1) 92 (1)
o(n) 06866 (2)  ~ 03582 (5) 06282 (2) 53 (2)
ci 06445 (3)  —00420 (&) 03385 (3) 42(2)
25 06185 (3) 00000 (6) 02825 (3) 412
c3) 05918(3)  —0-0987 (7) 02327 (2) 39 (2)
C(4) 05652(3) - 00449 (7) 01761 (3) 44(2)
c(s) 05423 (3)  ~0-1469 (8) 01293 (3) 51 (2)
Cr6) 05445(3)  —0-3004 (8) 01377 (3) 48(2)
) 05716 (3)  -03552(7) 01941 (3) 51(2)
C(8) 05958 (3)  -0:2573(7) 02410 (3) 47
co) 05167 (4) 04094 (9) 00879 (3) 71 (3)
c(10) 06913 (3)  -00553 (6) 0-4789 (2) 382
c) 07542(3)  -00882(6) 0-5092 (3) 43(2)
c(12) 07550 (3)  —-0-1922(7) 0-5600 (3) 45(2)
c(13) 06927 (3) - 0259 (7) 0-5795 (3) 41 )
C(14) 06303 (3)  -02284(7) 05476 (3) 48 (2)
c1s) 06292 (3)  ~01264(7) 04974 (3) 44(2)
C(i6) 07481 (3)  —0-386) (8) 06664 (3) 66 (3)

Table 2. Interatomic distances (A) and angles (°)

Te—Cl(1) 2478 (2) Te—CI(2) 2:521 (2)
Te—C(1) 2:085 (6) Te—C(10) 2:117 (5)
Cl(3—C(2) 1-726 (6) O(1)—C(13) 1-345 (1)
O(1)y—C(16) 1-429 (8) C(h—C) 1-325 (8)
C2—C3) 1-449 (8) C(3)—C(4) 1-373 (8)
C3—C(8) 1-410 (9) C(4)—C(5) 1-399 (9)
C(5—C16) 1-30 (1) Co—C(7 11375 (9)
Cor—C(9) 1-51 (1) C(1—C(8) 1:385 (9)
CUO—C(11) 1375 (7) C10y—C(15) 1-382 (7)
COHy-C(12) 1-405 (8) C(12y—C(13) 1-377 (8)
COD—C(14) 1-379 (8) C(14)—C(15) 1-384 (8)
CI(1—Te—Ci(2) 17765 (6) Cl(H)—~Te—C(1) 908 (2)
Cl(1}—Te—C(10) 90-2 (1) CH2)—Te—C(1) 868 (2)
CH2)—Te—C(10) 901 (1) C(1—Te—C(10) 94-1(2)
CU3—0(1)—C(16) 1179 (5) Te—C(1)—C(2) 1240 (4)
CI3—CR—C(1) 116:9 (4) CI3)—CQ)—C(3) 1162 (4)
C1H—C@—C3) 1268 (5) C2—C(3)—C(4) 1229 (5)
C(2—C(3)—C(®) 1192 (5) C(4)—C(3—C(8) 1179 (5)
C(3)—C(a—C(5) 1198 (5) Ci4)—C(5—C(6) 122:5 (6)
C(5—C(6)—C(7) 118-0 (6) C(5)—C(6)—C(9) 122:0 (6)
C(7)—C(6)—C(9) 120-0 (6) C(6)—C(N—C(8) 1209 (6)
C3r—C(8)—C(N 1208 (5) Te—C(10)—C(11) 1206 (4)
Te—C(10—C(15) 1192 (4) CUN—CU0—C(15)  1202(5)
CU10—CUI H—C(12) 1198 (5) CN—C(12)—C(13) 1198 (5)
O(H—C(13)—C(12)  125:2(5) Oy ~C(IM—C(14) 1151 (5)
Cl12—C(13)—C(14) 1197 (5) C(13-C(14)—C(15) 1207 (5)
C(10)—C(15)—C(14) 119-7(5)

and angles are in Table 2. Fig. 1 is a projection of the
molecule showing the atom numbering.

The Te'Y ion presents a typical trigonal bipy-
ramidal configuration formed from four bonds to the
ligands (two Cl and two C atoms) and one lone pair
of electrons. The lone pair invariably occupies one of
the equatorial sites, together with C(1) and C(10) in
this compound, while the Cl atoms occupy the axial
positions. This configuration is in complete
agreement with the valence-shell electron-pair-
repulsion mode! (VSEPR) (Gillespie, 1972). The
quadruple average angle of the lone pair, a%. is
112-1¢ and is a typical value found in TeX,E config-

961

urations (Hargittai & Rozsondai, 1986). The Te—Cl
bond lengths of 2-:478 (2) and 2:521 (2) A and the
Cl—Te—Cl angle of 177-65(6)° are in good
agreement, within experimental accuracy, with the
values found in other TeCl,RR’ compounds (Castel-
lano. Zukerman-Schpector, Ferreira & Comasseto,
1986, Zukerman-Schpector, Castellano, Comasseto
& Stefani, 1988) and. as expected for trigonal bipy-
ramidal coordination, the axial bonds are 0-12 and
0-16 A longer than the sum of the normal covalent
radii, 2:36 A (Ziolo & Troup, 1983). On the other
hand, the C—Te—C angle of 94-1 (2)° is smaller
than the average value of 99° found in the these
species. The Te—C(10) bond of 2:117(5) A is in
good agreement with the values found for most
Te'Y—C(aryl) bonds (Zukerman-Schpector, Castel-
lano, Comasseto & Stefani, 1988, and references
therein). Using the empirical value proposed by Lide
(1962) for the radius of the trigonal C atom and the
Pauling (1960) radius for the Te atom, the predicted
Te—C distance is (0-74+ 1:37)=211A, in good
agreement with the values observed, Te—C(l) =
2:085 (6), Te—C(10) = 2117 (5) A.

Both pheny! rings are planar to within experimen-
tal accuracy [o,, defined as (Zd*N-—3)'? are
o..C(3)-C(8) = 0009 and o,,C(10)-C(15) = 0-012}
the average C—C distance, uncorrected for thermal
motion, is 1-384 (3) A, which is in good agreement
with the values found elsewhere (Domenicano.
Murray-Rust & Vaciago, 1983). The dihedral angle
between the planes defined by atoms O(1), C(13),
C(13), C(16) and C(10)-C(15) inclusive is 5 (1)". The
C(1)—C(2) double-bond distance, 1-325(8) A, is in
the expected range. The distances C(2)—C(3) =
1-449 (8) and O(1)—C(13)=1-345(7) A are both
shorter than the sum of the corresponding single-
bond radii (Pauling, 1960), presumably due to conju-
gation with the phenyl rings to which they are
attached.

The C(1)-C(3) distance of 2:481 (7) A is in good
agreement with the value of 2:50 A predicted from
the 1---3 non-bonded radius, also called the ‘one
angle’ atomic radius, for C atoms of 125A
(O’Keeffe & Hyde. 1981). From the Te--C(2)

“distance of 3-035(5) A, the non-bonded radius for

v Ct9)

Fig. 1. Perspective view of the molecule showing the atom

labelling.
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Te may be estimated to be 1-79 A; a value of 1-78 A
is found in TeCl(C;H,0)C;H,,0,) (Castellano,
Zukerman-Schpector, Ferreira & Comasseto. 1986).

The fact that the title compound is in a Z config-
uration is consistent with a four-member transition

state (II) and not with a telluronium intermediate
which should lead to the E isomer.

R M
R-CZC-H+ ArTeCiy— R-C =C-H —  C=C_

: : Cl Te(Cl,lAr
Cl..Te(Cl)Ar

(n
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Structure of Wolffram’s Salt Analogues |[M(— chxn),Br|Br, [M = Pd, Pt; —chxn =
(—)-1,2-cyclohexanediamine]

By ALAN HAZELL
Institute of Chemistry, Aarhus University, DK-8000 Arhus C., Denmark

(Received 22 June 1990; accepted 7 November 1990)

Abstract. trans-Dibromobis{( — )-1(R),2(R)-cyclo-
hexanediamine]palladium(I1V)-bis[( —)-1(R),2(R)-
cyclohexanediamine]palladium(1I) tetrabromide,
[PA(CcH 4N2)-BroJ[PA(CeH | N2),1Bry, M, =936-2.
MDO1!: monoclinic, a = 24-464 (3), b=7-073(1), ¢
=10-586 (2) A, B =102-504 (6)°, V= 17884 (4) A",
Z = 2; superposition structure: orthorhombic, 1222, a
=23-884(3), b=7073(1), c=5293()A, V=
894-2(2)A*, Z=1, D,=1783gcem™? F000)=
558. Ag Ka (A=056087 A), u=363cm ! T=
295K, R(F)=0-032 for 1390 observed unique
reflexions 1> 30D} rrans-Dibromobis[( — )-
1(R).2(R)-cyclohexanediamine]platinum(IV)-

bis[( — )-1(R),2(R)-cyclohexanediamine]platinum(II)
lelrabromide, [Pl(C(,HMN:):Brz][Pt(C(,H|4N2)2]Br4,
M, = 1326-4, MDOI: monoclinic, a = 24478 (3), b =
7022 (1), c¢=10-747 (1) A, B=102:668 (7)°, V=

0108-2701/91/050962-05%03.00

1802:4 (3) A*, Z = 2; superposition structure: ortho-
rhombic, 1222, a=23-884(3), b=7022(1), c=
5374 (DA, V=9013(AY Z=1, D, =
2-443 g cm ™3, F(000) = 622, Mo Ka (A = 0-71073 A).
pw=1445cm™', T=295K, R(F)=0:036 for 2697
reflexions [1>3a(D) [Pt(CsH,,N,)--
CLJ[Pt(C¢H 4N,),]Cl,. M, =1059-6, MDOI: mono-
clinic, a = 24-810 (4), b = 6:820 (1), ¢ = 10-316 (2) A,
B =101-999 (3)°, ' = 853-7 (3) A?, Z = 2. The super-
position structures are isomorphous with the pla-
tinum chloride compound [Larsen & Toftlund
(1977). Acta Chem. Scand. Ser. A, 31, 182-186]. They
are built up of M"™—X--M" chains parallel to the ¢
axis, but with two half-weight halide ions indicating
disorder. Pd"Y—Br = 2-521 (4), Pd"—Br = 2-782 (4)
and Pd—N = 2-058 (3) A. PdN, is tetrahedrally dis-
torted with N—Pd—N =177-6 (8)°. Pt'V—Br=
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K. BOUBEKEUR, P. BATAIL,

Fig. 2. Side view of the molecule (PLUTO; Motherwell & Clegg,
1978). The p-tolyl substituents have been omitted for clarity.

in the TTF molecule [1-729 (2) to 1-732 A] (Cooper,
Kenny, Edmonds, Nagel, Wudl & Coppens, 1971).
The average S—C,,» bond length of 1-821 (4) Aisin
agreement with the sum of single-bond radii
(1-812 A) (Pauling, 1960) as well as with the
previously reported value [1-802 (4) A] for 3,4'-di-

Acta Cryst. (1991). C47, 1111-1113

F. BERTHO AND A. ROBERT 1111

methyl-3'4-bis(methylthio)-2,2.5,5 ~tetrathiafulva-
lene (Ouahab & Batail, 1985).
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Structure of 6,7-Dimethoxy-2,2-dimethyl-2H-chromene, a Natural Precocene

By J. ZUKERMAN-SCHPECTOR, C. A. DE SIMONE, E. E. CASTELLANO AND G. OLIVA

Instituto de Fisica e Quimica de Sdo Carlos, Universidade de Sdo Paulo, Caixa Postul 369,
13560 Sdo Carlos — SP, Brazil

AND J. TERCIO, B. FERREIRA AND V. CATANI

Departamento de Qut'mica,' Universidade Federal de Sao Carlos, Caixa Postal 676,
13560 Sdo Carlos — SP, Brazil

(Received 1 October 1990, !brcepwd 23 October 1990)

Abstract. C,:H, 0., M,=220-3, orthorhombic,
Pca2,, a= 14358 (2). b=9297 (1), ¢ =9-011 (1) A,
V=12029 (4 A} Z=4, . =1216gcm™?,
A(Mo Ka)=0-71073 A, p=080mm™' FO000)=
472, T=298 K, R=0-036 for 866 observed reflec-
tions. The heterocyclic ring is in a distorted sofa
conformation, and the C—O bonds are inequiv-
alent: C(2)—O(1)=1-463 (4) A and C(9)—O(!1) =
1:379 (4) A.

Experimental. Crystals of compound (I) were
obtained from n-hexane at 277 K. The data collec-

0108-2701/91/051111-03$03.00
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tion and refinement parameters are summarized in

Table 1.
8
CH30 6 5 10 e 3
1))

The structure was solved using standard direct
methods and difference Fourier synthesis techniques.
In the final cycles of full-matrix least-squares

© 1991 International Union of Crystallography
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Table 1. Crystallographic summary for (1)

Data collection™

Mode w26

Scan rate (" min™ ') 2-8-100

8 range (°) 0-25

Range of hki 0shs10,0sk<il. -2s/s17
Total reflections measured 1304

Unique reflections 1113

R 0013

Crystal dimensions approx. (mm) 040 < 0-38 x 0:35

Structure determination™

Refiections used [/ > 3o(D) 866

Number of variables 145

R. wR 0-036. 0-041

Max. shift/e.s.d. 0-004

Max.. min. density in final 012, ~0:12
difference map (¢ A )

S 1-62

Notes: (i) Unit-cell parameters by least-squares refinement of
the setting angles of 25 reflections with 11 < 8 < 24°. (i) Enraf-
Nonius CAD-4 diffractometer with a graphite monochromator.
Two standard reflections (006, 0012). measured every hour,
showed no significant vanation. (it} Function minimized was
Sw(F! = iF.)% where w ' = [g°(F.) + 0-0005F,3).

refinement on F's all non-H atoms were treated
anisotropically. H atoms included, as fixed contri-
butors, at positions found in difference synthesis, all
with a common isotropic temperature factor that
refined to U =0-078 (3) A2. Scattering factors for
non-H atoms were taken from Cromer & Mann
(1968) with corrections for anomalous dispersion
taken from Cromer & Liberman (1970), for H atoms
were taken from Stewart, Davidson & Simpson
(1965). Programs used: SHELX76 (Sheldrick, 1976)
and ORTEP (Johnson. 1965). Most of the calcula-
tions were performed on a VAX 11/780 computer of
the Instituto de Fisica e Quimica de Sao Carlos.

Atomic coordinates are listed in Table 2,* bond
lengths and angles are listed in Table 3. The shortest
intermolecular distance is O(3)~C(13)3—x, ), 1+2)
=3-131 (5) A. Fig. 1 is a stereoscopic projection of
the molecule.

Related literature. The C—O bonds in the hetero-
cyclic ring are different [C(2)—O(1) = 1-463 (4),
C(9—0(1) = 1-379 (4) A] owing to the effect of con-
jugation on the C(9) side. The conformation of the-
heterocvcle is a distorted sofa; C(3) and C(4) are
coplanar, to within experimental accuracy, with the
C(5—C(10) benzene ring, whereas C(2) s
0-418 (3) A above and O(1) is only 0-116 (2) A below
that plane. The C(9)—O(1)—C(2)—C(3) torsion
angle is —40-8 (3)". The O(1)—C(2)—C(3) angle of

* Lists of structure factors, anisotropic thermal parameters and
H-atom parameters have been deposited with the British Library
Document Supply Centre as Supplementary Publication No. SUP
53679 (10 pp.). Copies may be obtained through The Techmical
Editor. International Union of Crystallography, 5 Abbey Square,
Chester CH1 2HU, England.
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6,7-DIMETHOXY-2,2-DIMETHYL-2H-CHROMENE

Table 2. Final atomic coordinates and equivalent
isotropic temperature factors (A?) with es.d’s in
parentheses

B. = (4/3)S.5,8,8, 4,

X v z B,
o =0-1292 (1) 0-8597 (2) 05 4-60 (%)
02y 0-2036 (1) 0-6349 (2) 0-6991 (}) 494 (§)
o) 0-0SK1 (1) 0-6278 (2) 0-8675 (3) 493 (%)
) = 01505 () 0-8673 (3) 03414 (4) 42
C3) - 0-0647 (3) 0-9096 (3) 0-2562 (4) 4-4 (1)
C(4) 00199 (2) 0-8783 (3) 0-3042 (4) 4-2(1)
C(5) 0-1163 (2) 07491 (3) 0-4987 (3) 364 (9)
Ct6) 0:1236 (2)  0-6920 (3) 0-6382 (4) 36(h
Cn 0-0450 (2)  0-6882 (3) 0:7310 (4) 38N
C(¥) - 00391 () 0-7410 (3) 0-6807 (4) 37(h
C(9) - 0-0450 (2) 0:7993 (3) 0:5391 (4) 3.7 (1)
C(10) 00312 (2)  0-8041 (3) 0-4470 (3) 35(hH
C(11) ~0-1843 (2) 0-7214 (3) 0-2940 (4) 52(H)
C(12) -0-2267 (3) 0-9759 (3) 03289 (5) 61 (1)
cayn 02826 (2)  0-6248 (4) 0-6048 (5) 58 (1)
C(14) -0-0190 (3) 0-6192 (4) 0-9635 (4) 58 (1)

Table 3. Interatomic bond distances (A) and angles ()

o(—C(2) 1-463 (4) 0O(1)—C(9) 1-379 (4)
O(2)—C(6) 1-379 (4) o2—C(1d 1-420 (4)
Oo)—C(7) 1-365 (4) 0O(3)—C(14) 1-407 (5)
C2—C(3) 1-504 (5) C(2—C(11) 1-503 (5)
C(2~C(12) 1-493 (5) C(3y—-C(4) 1:322 (5)
C(4)—C(10) 1-469 (5) C(5r—C(6) 1:369 (5)
C(5—C(10) 1-404 (4) C6)—C(7) 1-405 (4)
C(71—C(8) 1-380 (4) CE—C(9) 1-389 (5)
COO—C(10) 1-374 (4)

C(2—0(1—C(9) 1169 (2) Ci6—0(2)—C(13) 116:9 (2)
C(71—00)—C(14) 1180 (3) O(H—C2)—C(3) 1099 (3)
O(1)—C@)y—C(1h) 107-6 (3) O(1 —C(2y—C(12) 1050 (3)
C(3—C2y—-Can 1108 (3) C(3)—C(2)—C(12) 112:6 (3)
CON—C2—C(12) 1106 (3) C(2—C(3—C(4) 1219 (3)
C(3)y—Ct4)—C(10) 119:4 (3) C(6)—C(5)—C(10) 120-8 (3)
O(2)—C(6y—C(5) 1253 (3) O2—C(6)—C(7) 1150 (3)
C(5)—C(6—C(7) 119-7 (3) 0(3)—C(1—C(6) 1158 (3)
O3)—C(1)—C(8) 1242 3) C(6)—C(7)—C(8) 119-9 (3)
C(1—C(8)—C(9) 1196 (3) O(1)—C(9)—C(8) 116:6 (3)
O(1—C(9)—C(10) 1220 (3) C(Ry—C(9)—C(10) 121-3 (3)
C(4)—C(10—C(5) 1239 (3) C(4)—C(10—C(9) 117:2(3)
C(5)—C(10)—C(9) 1187 (3)

Fig. 1. Stereoscopic projection of the molecule.

109-9 (3) is closely similar to those found by
Flippen. Karle & Karle (1970), Spek, Koji¢-Prodi¢ &
Labadie (1984), Rao, Seshadri & Rao (1987) and
Valente, Eggleston & Schomaker (1987).

This work has received partial support from
CAPES. CNPq. FAPESP and FINEP,
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Structure of Phenazine

By K. WoznNI1AK

Department of Chemistry, Warsaw University, Pasteura 1, 02-093 Warszawa, Poland

AND B. KARIUKI AND W. JONES

-

Department of Chemistry. Cambridge University, Lensfield Road. Cambridge CB2 1EW, England

(Received 28 August 1990; accepied 23 October 1990)

Abstract. C,;HgN,. M, = 180-21, monoclinic, P2,/n,
a=7083(1), b=5072(1), c=12794(8) A, B=
102:34 (2)°, V=44901(3)A3, Z=2, D.=
1:333gem ™3, A(Mo Ka) = 0-71069 A, p=
0-756 cm ™', F{000) = 188, T=291 K, R = 0-0532 for
2005 observed reflections. The structure consists of
phenazine molecules oriented about a centre of sym-
metry. The molecule is planar within experimental
error, and a pseudo C., axis is observed in the
molecule.

Experimental. Crystals of phenazine were crystallized
from acetonitrile. An Enraf~Nonius CAD-4 diffrac-
tometer was used with graphite-monochromatized
Mo Ka radiation. Crystal size was 0-25 x 0-30 x
0-35 mm. Unit-cell parameters were obtained by
least-squares fit of the setting angles of 25 reflections
in the range 3 <26 < 18°. The intensities of 2702
reflections were measured (sin@/A <0704 A~', -9
=h<9 0=sk<7 0</<18, w26 scan mode). No
significant variation (< 3%) was found in the inten-
sities of the intensity control reflections 311 and 103.
The data were corrected for Lorentz and polarization
effects but no absorption correction was applied.
2005 reflections with |F = 340(F) were used in the
calculations. The structure was solved with multisol-
ution direct methods (SHELXS86; Sheldrick, 1990)
and refined using full-matrix least-squares refinement
(SHELXT76; Sheldrick, 1976), minimizing 2w(|F,| —
IF.)?,  w={2-7955/[c*(F) + 0-000553F°]}. The C

0108-2701/91/051113-02$03.00

and N atoms were refined with anisotropic, and H
atoms with isotropic temperature factors, 81 param-
eters were varied. The refinement converged to R =
0-0532, wR=0-061, (4/0)max = 0002, (4/0)mear =
0-001, Apn., =052, Adpmi= —035e¢eA~* The

Table 1. Fractional coordinates ( % 10%) and equivalent
isotropic temperature coefficients (% 10*) for non-H
atoms

U= (/D53 U, a%a%a, a,.

x ¥ z U (AY)

N1 8035 (1) 550 (1) 9523 (1) 461 (3)
C2 9491 (1) 1851 (2) 9233 (1) 423 ()
C3 8523 (1) —1293 (2) 10284 (1) 415 (2)
C4 7050 (1) - 2758 (2) 10629 (1) 522 (3)
(&) 9077 (1) 3834 (2) 8429 (1) 551 (3
C6 7519 (1) — 4624 (2) 11395 (1) 572 (4)
C7 10525 (2) 5155 (2) 8124 (1) 590 (4)

v

Table 2. Bond lengths (A) and bond angles (%)

C2—NI1 1-342 (1) C4—C3 1-426 (1)
C3—NI 1-341 (1) C6—C4 1-352 ()
c3—2 1-438 (1) C7—CS 1-351 (2)
cs—C2 1-424 (2) C7—Cé6 1-416 (1)
NI—C2—C¥ 121-56 (10) C3¥—C2—Cs HIR7S(9)
NI—C2—CS$ 119-70 (7) C2—C5—C7 12049 (8,
C2—NI—C3 116:72 (7) C3—C4—C6 120-44 (7)
NI—C3—C2 12173 (9) C4—C6—CT7' 120-94 (9)
NI—C3—C4 119-74 (7) C5—C1—Ce6 120-85 (10)
C2—C3—C4 118-53 (10)

Symmetry code: (i) 2—x, —y, 2 - .

© 1991 International Union of Crystallography
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Structure of 1,4-Bis(diphenylphosphinoyl)butane

By M. R. M. FONTES. G. OLIVA AND J. ZUKERMAN-SCHPECTOR

Instituro de Fisica e Quimica de Sdo Carlos, Universidade de Sdo Paulo, Caixa Postal 369,
13560 Sdo Carlos — SP, Brazil

AND S. L. QUEIROZ AND A. A. BaTiSTA

Departamenio de Quimica, Universidade Federal de Sdo Carlos. Rod. Washington Luiz km235,
13560 Sdo Carlos - SP, Bra:il

(Received 20 May 1991, accepted 18 June 1991)

Abstract. C5H;O,P,. M, = 45848, triclinic, P1, a =

5826 (1). b=8862(1) c=12:517(2)A.
10029 (1), B =102:67(1). y=10422(1), V=
$92.5(3) A, Z=1.D,= 1285 gcm". A(Mo Ka) =

0-71073 A, u = 2:00cm™ ', FI000) = 242, T =296 K,
final R=0-031 for 1390 independent observed
reflections. The —(CH,)— gro K is essentially
planar with the P atoms 0-126 (1) A away from its
calculated mean plane. Both phenyl rings are planar
to within experimental accuracy. The P atom has a
distorted tetrahedral configuration.

Experimental. During our studies, using {RuCl,[1,4-
bis(diphenylphosphino)lbutane} as & starting
material for reactions with bulky ligands like tri-
ethylphosphite, the titie compound was obtained.
Single colorless crystals were obtained from CH,Cl,/
ether by slow evaporation at 293 K. The data collec-
tion and refinement parameters are summarized in
Table 1. The structure was solved using standard
direct methods and difference Fourier techniques. In
final cycles of least-squares refinement, all non-H
atoms were treated anisotropically, H atoms were
refined isotropically. Scattering factors for non-H
atoms were taken from Cromer & Mann (1968) with
corrections for anomalous dispersion from Cromer
& Liberman (1970); for H atoms from Stewart,
Davidson & Simpson (1965). Programs used:
SHELX76 (Sheldnick. 1976) and ORTEP (Johnson,
1965).

Atomic coordinates for non-H atoms are given in
Table 2,* interatomic distances and angles are listed
in Table 3. Fig. 1 is a projection of the title com-
pound showing the atom-numbering scheme.

® Lists of H-atom positions, anisotropic thermal parameters
and structure factors have been deposited with the British Library
Document Supply Centre as Supplementary Publication No. SUP
54361 (12 pp.). Copies may be obuained through The Technical
Editor, International Union of Crystallography. 5 Abbey Square,
Chester CH! 2HU, England.
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Table 1. Crystaliographic summary

Data collection’

Mode -20

Scan rate (' mun ') 18,58

# range (V) [ 3pd}

Range of At/ -6shs6 -95k59.0x/x1)

Total reflections measured 1948

Unique reflectons 1647

R, 00!

Standard refiections (h ') 1

Variation None significant

Crysual dimensions approx. (mm) 020 =020 =020

Diffractometer Enraf-Nooius CAD4, graphite
monochromator

Structure determination

and refinement™*

Refiections weed {/ > 3o¢(/)] 1390

No. of variables 202

R. wR 0031, 0-030

w 1o XF,) + 0-0001F,)
Max. shifvesd. 002

Max, min. density in final 020, -022

difference map (e A" ?)
S 1n

Notes: (i) Unit-cell parameters by least-aquares refinement of the
setting angles of 25 reflections with 12 < 8 < 20°. (ii) A secondary-
extinction correction was applied [F., = F(1-0 10~ “xF,%/3in8)}
where y refined to 0-009. No correction for absorption. (iii)
Function minimized was Iw(\F, — |F,1)°.

Table 2. Final atomic coordinates and isotropic
‘ temperature factors (A?)

= (435, 8,00,

x ¥y H B..
P 05041 () 0-6540 (1} onRM 2:60 ()
(o} 0730 (3 06842 (2) 03476 (1) 366 (&)
) 04130 (4) 0703 (2) 09337 (2 204 (6)
a 03457 (4) 09093 (2) 09385 (2) 27
any 03718 (4) 0-6998 (2) 0-6980 (2) 272(%
aty) 01218 (5) 0-6681 (3) 06498 (2) 406 (7)
ay 00353 (6} 013 (4) 05478 ) $11(8)
Qau) 01929 (7) 07678 (3) 0,16 (2) $29(9)
[o{L]] 0435 (1) 08018 (3) 05365 (2) 523 (%)
ale) 05301 (%) 07678 (3) 06383 (2) 402 M
a2 034% (4) 04456 () 08115 (2) 2775
ax) 01451 () 03960 (3) 08533 (2) I
o) 00353 (5) 02344 (3) 08405 (3) 472(8)
Q) 01202 (6) 01218 (3) 07850 (2) 469 (1)
azs 03147 (o) 01684 (3) 07417 (2) 452(7)
Q2e) 04272 (5) 03297 () 07882 (2) 366 (7)

© 1991 International Union of Crystallography
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Table 3. Interatomic distances (A) and angles (°)

~0 1482 () —an 132
r—Qth 1812 r—Qn 1807 ()
an—ax 1525 () or—n) 1821 (1
ah—Ca) 1381 (4) Qii—Gie) 1 382 ¢4,
amm—aiy 13774y Qi—Cira, 1361 (%)
Qle—Cus) 1388 (S CiisHr—-Crie 138V (4
a2 1-381 (&) Q21—Q2e) 1387 (M
Qur—cam ) 382 (&) azn—Qu4 )-368 (4)
Q24)—-C12%) 1:367 (%) C(23 -2 1381 (4
Oo—r—-Cr1) 11498 ¢1) o—rP—Cuiln) 11100 (9,
o—r—-C21) 1245 9) an—r,-—cih 1086 1¢1)
Ql—r—caen 10869 (1) Qln—r—can 1043 (1)
P—COHI—C() nmom G212 "yt
r—CLIH—C1I2) 137 P11 —CYl0} 11 (2
CHH—Crin—Crie) (2} B X P4 QH—Qir—Coy 12014
CUy—Crin—C1i4) 121 CONVCrier—Cu1 Y 186 (H
QL ia—Crisr—Qis; 102 Ctin—Gier—Cu s 1207 ()
P—C121—C(2) 1236 () P—C121)—CL26) 1179 (2)
Q22 —C 21126y He S cRn—Qur—ay 1204 (2)
a—Cyv—Q2q) 12204 (% QD24 —C2% 1200 (V)
C4—C (29 —C20) 1Nne9(n 21126 —C124 1208 ()

Related literature. The molecule is sited on a crystal-
lographic center of symmetry which relates one half
of the molecule to the other. Related structures have
been described by Oliva. Castellano & De Carvalho
(1981) and Rivera, Gomez C, Rodulfo de Gil &
Suarez (1988).

This work has received partial support from

CNPq. FAPESP, CAPES and FINEP, which are
hereby gratefully acknowledged.
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1,4-BIS(DIPHENYLPHOSPHINOYL)BUTANE

Fig 1. Perspective view of the molecuk showing the atom
labehing
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Structure of endo-(SR*,6R*,11R*,125*)-5,6,11,12-Tetrahydro-4,11,12-trimethoxy-
9,13,13-trimethyl-5(triethylsiloxy)-6,10-methano-8(7 H)-benzocyclodecenone

By YosHu Sakal, YUKO KoOJIMA, YUun OHASHI,* KOICHIRO MORIHIRA, TAKASHI FURUKAWA,
YosHiAKI HORIGUCHI AND Isa0 KuwaiMa®

Department of Chemistry, Faculty of Science, Tokyo Institute of Technology, O-okavama, Meguro-ku,
Tokyo 152, Japan

(Received 20 May l9§l. ai‘cepltd 1 July 1991)

Abstract. C,,H,,O.Si. M, =474.71. monoclinic,
P2,/n, a=9.389(5). b=35.542(7). c=8.899 (4) A,
B=11425(3), V=2707(2)A*, Z=4, D, =
1.164 gcm 2, A(Mo Ka) =0.71069 A, =
i.l4em”', F(000)=1032, T=298K, final R=
0.049 for 2926 unique refiections [/ > 3.00(/)]. This
C-aromatic taxane-like compound contains a C=C
double bond [C(9=C(10)] at the bndgehead site
[C(10)) and, consequently, atoms C(8), C(11), C(13)
and C(16) bonded to this C=C bond are twisted

* To whom correspondence should be addressed.
0108-2701/91/122700-03$03.00
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from coplananty. The largest torsion angle, C(8)—
C(Or—C(10)—C(11),1s —158.3 (3)".

Experimental. Colorless plate-like crystals grown
from hexane. Crystal size 0.40 x 0.40 x 0.50 mm,
Rigaku AFC-5R diffractometer, graphite-mono-
chromated Mo Ka radiation, w scan with scan speed
16min”} in @, scan width (1.34 + 0.35tané)".
Range of indices, 0 <h<1],0<k <42, -9</<9
(26 < 507). Three standard reflections (333, 503,
4,16.2) monitored every 100 reflections with random
vanation of 2.7% over data collection. Lattice-

© 1991 International Union of Crystallography
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Fig. 1. Structure of the titke compound. The ellipsoids are shown
at 50% probability level.

Pius. The calculations of geometrical data and crys-
tal packing were computed using the program
PARST (Nardelli, 1983). All computations were car-
ried out on a VAX 3100 work station. Table | gives
the atomic coordinates and equivalent isotropic ther-
mal parameters® and Table 2 lists bond distances
and angles. Fig. 1 shows a perspective view of the
molecule with the adopted numbering scheme and
Fig. 2 gives a view of the unit cell along the ¢ axis.

Related literature. The 2,6-di-ters-butylphenol deriva-
tives appear to represent a new class of non-steroidal
anti-inflammatory drugs with antioxidant properties
(lkuta, Shirota, Kobayashi, Yamagishi, Yamada,
Yamatsu & Katayama, 1987). The title compound is
onc of a series of related compounds prepared by
Lazer, Wong. Possanza, Graham & Farina (1989)
that have anti-inflammatory activity. In all essential
details the geometry of the molecule in terms of bond
lengths and angles shows normal values (Tenon,

* Lists of structure factors, anisotropic thermal parameters and
H-atom parameters have been deposited with the British Library
Document Supply Centre as Supplementary Publication No. SUP
34789 (9 pp.). Copies may be obtained through The Technica!
Edior. International Union of Crystallography, 5 Abbey Square,
Chester CH) 2HU, England.
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Fig. 2. The unit cell viewed down the ¢ axis.

Ebby. Voglozin, Degny, N'Guessan, Baldy, Pierrot
& Bodot, 1989, Bernstein, 1975; Tirado-Rives,
Fronczek & Gandour, 1985).

The assistance of Miss Madhavi Bhogaraju is
gratefully acknowledged.
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Structure of (3R,6S5,12bR )-6-Cyanomethyl-3-ethyl-2-0x0-1,2,3,4,7,7a,12a,12b-
octahydro-6 H-indolo[2,3-a]quinolizine

Instituto de Fisica e Quimica de Séo Carlos,

CioH;N,O, M, =307.40, monoclinic,
a=12200(7), b=16795(2), «c=
BSS (1) A, B=104.18(3)°, ¥=13308 (3) A%, Z=

0108-2701/92/050953-03$06.00

By L. F. DELBONI AND GV. OLiva

Universidade de Sdo Paulo, Caixa Postal 369,

13560 - Sdo Carlos, SP, Brazil

(Received 12 August 1991; accepied 2 October 1991)

8, D,=1234gcm™> A(Mo Ka)=0.71073A, u =
0.73cm ™!, F{000) = 1312, T= 296 K, final R = 0.051
for 2227 independent observed reflections. The two

© 1992 International Union of Crystallography
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Table ). Data-collection and refinement summary
Data coliection'*
Mode -20
Scan rsie (" min ') 1.56-3.49
0 range () -1
Range of kk/ -13sAg12 045183 0s/518
Total refiechons measured 49%0
Umque reflecsons 4550
~ 0033

030~ 045 = 045

{mm)

Structure determination and refinement™

Refiecuons weed [/ > 3o(/)) n

No of vanables 4]?

AR =R 0051, 0,045

Maxsmum, sunitoum density i Soal 016 -0.19
dfierence map (¢ A )

S 2.24

Notes: (i) Unitcell parameters by beast-squares refinement of the setung
angles of 16 refiections with 10 < 8 < 15 . (i) Enraf-Nonius CAD4 diffrac-
tometer with graphite monochromator. One standard reflection measured
every hour showed pno significant vanation. (iii) Function minimized was
Iw( F, — IF'¥, where w™ ! = o%(F,) + 0.0002F,°.

Fig. 1. Perspective view of the molecules showing the crystal-
lographic atom labelling of onc of the independent molecules
and the hydrogen-bonding scheme.

independent enantiomeric’ molecules in the asym-
metric unit are hydrogen bonded through N(3)--
O(1") [2.868 (4) A) and N(3')--O(1) [2.969 (4) A]. The
junction N(1)—C(6) is trans and the group CH,CN
is axial. '

Experimental. Crystals were obtained from ethanol
by slow evaporation at 293 K. Details of data collec-
tion and refinement parameters are summarized in
Table 1. The structure was solved using standard
direct methods and difference Fourier techniquss. In
the final cycles of least-squares refinement all non-H
atoms were treated anisotropically. H atoms were
included as fixed contributors, with overall isotropic
temperature factors: for methyl H atoms U=
0.077 (2) A%, and for all others U=0.130(7) A%
Absorption corrections were not considered neces-
sary. The maximum value of A4/c in the final
refinement cycle was 0.09. Scattering factors for

162

CisH2N,O

Table 2. Final atomic coordinates and equivalent
isotropic temperature factors (

B, = (4/3)21,B,n 0,

x y 2 B
N(1) 0113 (Y 0.982 () 0.2042 (2) 36(1)
N2y -0.1028 (4) 0.576 (3) -0.0145 (3) 1002
N 04133 () oMo 0.1945 (2) 37()
o(1) 01328 (2) 03 0.2680 (2) 53(H
Cihy 01327 (4) 04436 (V) 0.2701 (1 41 (D
an 002% () 08522 (2) 027137 Q) I
ay -0.075% (4) 04407 (3) 02697 () $52(2)
(o TH) -01719 (4) 04867 ()) 0.2920 (3) 70(2)
as) 00119 ()) 0.5508 (2) 0.2010 (2 420
Qe) 0209 (1) 0.8470 (2) 01974 (2) 34(2)
an 0.2363 (3) oo 0.2738 (2) 37 (1)
[o1 ] 009%% (3) 0.66%4 (2) 01518(}) 41
v, 00801 (3) 0.655% (2) 00578 (1) 470
o) - 0.0231 (5) 06122 (3) 0.0176 () 56()
an 01964 () 0.7260 (2) 01813 (2 42(2)
Qe 0.30% (4) 0.6800 (3) 01864 (2) 362
cayy 0.3066 (3) 0.5998 ()) 0.194% (2) 36(2)
4y 0413 (4) 0.7051 (3) 01798 (2) 3T
amm 0411 (4} 06360 (}) 01846 (1) 37 ¢
Cae) 04617 (4) oI () 0.1696 (2) 470Q)
can 0577 (%) 0.7806 () 0.1645 (3) 54(2)
(e} 3} 06362 (4) 0.7114 (4) 0.1680 (3) $6(2)
(o § 1) 0.9916 (4) 06377 (3) 01790 (2) 48 (2)
N(1) 04048 (3) 0.2262 (2) 0.0480 (2) 3y
N2 0.4004 (3) - 0.0%99 () 0.0429 (3) 1762
N(3) 01625 (3) 0.2519 (2 01434 () 37
[+ $hs} 0.5241 () 0.4262 (2) 0.1688 (2) 501
any 04797 (4) 037157 (2) 0.1183(}) 41Q)
an 0.5387 (3) 0.3368 (2) 0.0585 (2) I
ay 06618 (4) 0.3623 () 0.0710 (3) s4(2)
Q4) 0.6766 (4) 0.4458 (3) 0.0393 (3) 6.5(2)
(oL ] 0.5252 (3) 0.2458 (2) 0.0644 (2) 382
Qe 0.3563 (3) 0.2566 (2) 0.1146 (2) 20
ary 03614 (3) 0.3476 (2) 00128 (2) 40(2)
ar) 0.3803 (3) 0.1427 (2) 0.0254 (2) IS Q)
Q%) 04221 (3) 0.0845 (3) 0.0996 (2) 4402
Qo) 0.4106 (4) 0.002t (3) 0.0692 (3) LR P2
aty 0259 (V) 0.1332 (2) -0.0139 (D) 3T
C(12) 0.1900 (3) 01723 (2) 0.0420 (2) 321
arny 0.2378 (3) 0.2269 (2) 0.0993 (2) 33
[o17 s} 0.0758 (4) 0.1624 (2) 0.0470 (3) s
18y 0.0600 (4) 02134 (2) 0.1110 (3) 34 2)
Cuie) -0.0163 (4) 0.1171 (2) 0.0046 (3) 430
(e ¢} ~-0.1181 (4) 0.1235 (3) 0.0260 (3) 5502
cng) -0.1308 (4) 0.1749 (3) 0.0891 (3) 53
Cc(19) ~0.0423 (4) 0.2202 (3) 0.1333 (3) 4.6 (2)
non-H atoms were taken from Cromer & Mann

(1968) with corrections for anomalous dispersion
from Cromer & Liberman (1970); for H atoms from
Stewart, Davidson & Simpson (1965). Programs
used: SHELX76 (Sheldrick, 1976) and ORTEP
(Johnson, 1965).

Atomic coordinates for non-H atoms are given in
Table 2,* interatomic distances and angles are given
in Table 3. Fig. 1 is a projection of the title com-
pound showing the atom-numbering scheme for onc
of the independent molecules.

Related literature. The title compound is a key inter-
mediate in the reaction pathway for the synthesis of
sarpagines (Braga, 1989). The knowledge of its

¢ Lists of H-atom positions, anisotropic thermal parameters
and structure factors have been deposited with the Briush Libeary
Document Supply Centre as Supplementary Publication No. SU'P
54710 (25 pp.). Copies may be obtained through The Techaxa!
Editor, International Union of Crystaliography, 5 Abbey Squerc
Chester CH1 2HU, England. [CIF reference: L10101])
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Table 3. Interatomic distances (A) and angles (°)

NO—Cx 8y 1.466 (5) NO X3 ) 404 (S)
NH—Crey 1481 (S) NP—Ca6) 1401 ()
NO—Cxs) ) 408 (5) N~ 1464 ($)
N2—CX10) Lem N(2—C10) 1125 ()
NO»—CX13) 1389 (¢) NO»—-Q13) 1.375(5)
NO)»—CTX1$) 1.386 (&) NO)—Crs ) 1.9%94 (5)
oir—Qn 1221 (6} O—Qan) 1.224 ()
an-—Qa 1.504 (6) Qi) 1.513 (6)
an—) 1492 (6) Q1 )—C(7) 1.500 (&)
Q1) 1.533.¢6) Q2 —Cov) 1.526 (&)
Ci2r—C1%) 1.934¢5) Qr Q) 1.943 (8)
aQw—C4) 1.527¢(1) Cy—Cie) 1.528 (6}
Qer—QITy 1.550 (% Qe r—C(7) 1.530 ()
Cier—=Ciy, 1.435 (8) Qe r—Cildy 1 491 (&)
Qb —C19) 1.544 (6) i —Ct9 ) 1.560 (%)
as—Qn) 1.538 (&) s —Cuit) 1.540 (6)
oy r—QUios 1862 (T 9 —Ci10) 1806k (7)
Qi h—Cy 1.506 (6) Qu—car) | 49¢ (6)
QUn—-ny 1354 (6) Q2 a3y 1.349 (6)
CGi1—Cuia Y&V Qi —Caa) 1.426 (6)
Cue—Cn s 1600 (7 Che r—Cusyy | 417 (6)
Cildr—Cuien 136 () Cild —Ctit ) 1 397(6)
Cuisr—Ci9) 1.9 () Cuis 19, 1.9 ()
Quer—Qimn 136t (3) Qe r—Cuin) 1.3
CuHir—Qisy § 397 (R 17 —=Cax ) 1.398 (7
Cus s, 1382 (M) Qs p—Ca9y 1377
QS —N 1 —Cte N2 Cre =N —Ci6 ) 1106 (Y
Ctor—NH—C(8y 148 (3 CtS N1 —Ce ) R RN K]
Cior—N{1H—C18) 156 () Q16 —N(1'—C(8) 1se
CUI—N3»—Co15) 1074 () QU =N p-C18) 1078 ()
O Y—CLH—CE) 1239 (4) O 1 y=Ci1—C) 1204 (4)
O P—Cih—C(7y 121.24) O 1 —C —C(7) 121.2 (4)
CHr—Cih—Q) 1148 4) CQ2 —Ci1—C(7) 115.5(3)
Cti —Q—Cth 1273 CO P2 €Ay 1136 (N
C—Ci2r—Cth 1673 () CUN—CQ —C(s) 1081 (Y
Ct—Cr—CiY 1120(3) CR—C2Hry—Cies) 12703
COr—C)—Ciray 1129 (4, Q2 —C(y —Cid) 1140 (4)
Mot LS =Gty s N(H—Cs —Ci2H 109.2 (3)
N —Clor—C( 1073 (% N —Cie —C7 1078 (3
M —Ci6r—Ci13) 10073 Nl )—Ci6 —C(id) 1079 (3
Ct—Clor—QU1 2y 1220 CO r—Ce r—C(13) 1o
OH—Ci7p—Cte) 108 2 (3) CHy—C(1 r—Cie) 109 (3
N —CE—C1y) 161 (3) N p—C(R —C(9 ) 13.0¢3)
N8 p—Ce 1 1) 106 7 (3) N )O3 )y—Ceit) 109.3 (3)
C9—Ci3)—Cii 106 4 (3) C19 )—C(8 —Ce11') 1311.8 (3)
Cih p~—Ct9r—C(10) 1148 (4) G —C(9—C(i0) 105.4 (3)
N 2 ~—CO0—CI9) 179.0 (6) N(2')»—C10 »—C9) 177.3 (5)
Cinr =G —-Cii2) 106 4 (3) C(R —C(11')—C(12) 106.0 (3)
Cn—Ci2—Cuid) 1210 (4) COIy—CH2--Ciy) 127 (4
CH—CU—C(14) 1314 4) CHV)y—CU2)»—C(14) 130.0 (4)
CHr—CU~C(18) 107.5 (&) Y )—C2—Ce) 1073 (4)
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Table 3 (cont))
NGO 3)—C16) 123.) ¢4) N3 -—-016) 123603
NO-Qt)»-Qi2) 1100 (&) NOP=CXP—CA12) 1109 (3)
Qer—Qin—-aid 126.7 (4) Qe -Ci—Qi) 1256 4)
a—QieH—Qis) 106 4 (4) QI =-Ce—Qs) 1068 (4)
ai2r—Qe—Qies; 1343 ¢4 amm—Qiea-—-is) 1353 (4)
QUISH~C 16— 16) 193 (4) QISI—C1a)—Ca16) 1180 (4)
NOr-Q185)—C14) 108.6 (4) NOP=CO1 8 Qe 1073 (3
NO—CUE3)—Cr19,) 1291 14 N P—C1 8 —CT19 ) 129.6 ¢4)
CHa—Ci1 $r~C119) 12 3 ¢4 CO—Cts —Cit9) 12214
Car—=Clier-Ci1n LALBXTI] 4 )—Cue»—u™)y 1194 (4)
Qle—C1 7 —Cx1sy 122015 Cire r—C17 p=Cit ) 12101(5)
Cu—Cuisyr—Quis; 12100(% CUT PCLIr 119 ) 1218(Y
Cti 99— —Cr iy 1169 (4) A9 )—Ciit) 16T (4

molecular conformation may help in the predic-
tion of the steric course of subsequent reactions. The
two independent molecules are approximately related
by an inversion centre, the main difference being the
relative conformation of the nitrile and methyl
groups. Superposition of the ning core of the two
molecules gives a root-mean-squarc deviation
between equivalent atoms of 0.11 A (Kabsch. 1976).

This work received partial support from CNPg.
FAPESP, CAPES and FINEP, which are hereby
gratefully acknowledged.
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Structure of Di-O-methylscandenin: a Complex 4-Hydroxy-3-phenylcoumarin
Derivative

By SaFia MEHDI AND K. RAVIKUMAR
Laboratory of Crystallography, Indian Institute of Chemical Technology, Hyderabad-500 007, India

(Received 23 July 1991; accepted 14 October 1991)

Abstract. 4,5-Dimethoxy-3-(4-methoxyphenyl)-8,8-di-

- methyl-6-(3-methyl-2-butenyl)-2H 8 H-benzo[1,2-b:-

JA-b')dipyran-2-one, C3H3,0,. M, = 462.54, mono-
o, P2/c, a=11.728(3), b=8956(3), c=
A, B =103.98 (1)°, V=2473 A, Z

Mo Ko radiation, A =0.71069 A, u =0.809 cm™’,
Ro0v) = 984 T=294K, final R=10.079 for 1197

0108-2701/92/050955-03506.00

reflections [/ =2 3o(/)]. The coumarin ring system is
nearly planar. The phenyl ring attached to this
system is also planar and the dihedral angle between
the phenyl and coumarin rings is 47.5 (3)°. The mean
plane of the isoprenyl side chain makes an angle of
79.5 (4)° with the mean plane of the coumarin ring
system. The angularly fused pyran ring is in a half-
chair conformation.

© 1992 International Union of Crystallography
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Synthesis, Characterization and Crystal Structure of the UO6N2C2°H22.2H20

Complex.

* *

0. Signorini, E.R. Dockal , G. Castellano and G. Oliva Departamento de
Quimica, Universidade Federal de Sao Carlos, Caixa Postal 676, 13560, Sao
Carlos, SP, Brazil and Instituto de Fisica e Quimica de Sao Carlos, Univer-

sidade de Sao Paulo, Caixa Postal 369, 13560, Sao Carlos, SP, Brazil.

Abstract

The complex [U02(3-EtOSa1en)(HZO)].HZO, where (3-EtOSalen) O N,N'-
-Ethylenebis(3-ethoxysalicylidieniminato), 020204H22’ was synthesized and

crystallized in space group P1, with a=10.250(2), b=10.274(2), c=10.829(3)

X, a=91.66(2), B=102.18(1), Y=94.48(2)°, V-1110.2(4)X3 and Z=2. The
structure was solved from 3562 independent reflections with I>30(I) by
Patterson and difference Fourier techniques and refined to R=0.022. The
U022+ ion is coordinated to two nitrogen and two oxygen atoms of the ligand,

with a water molecule completing the seven-coordinate, pentagonal-bipryamidal
geometry. Another waeer molecule completes the crystal structure and 1is
involved in several intra-and intermolecular hydrogen bonds. In the
infrared spectrum three bands appearing at 3318, 3444 and 3584 cm -1 are
assigned as O-H stetching frequencies of the water of crystallization and
the coordenated water respectively. Four bands at 455, 396, 341 and 267
nm are observed for the complex in acetonitrile. The weak band at 455 nm

1. *

is assigned to the "E — 27y transition.

Introduction

The Shiff base ligands obtained by condensation of diamines with
substituted salicylaldehydes are a class of ligands widely studied [1-14].

Most studies are focused on complexes of the d-block elements especially

*
Authors to whom correspondence should be addressed.



SYNTHESIS,CHARACTERIZATION AND MOLECULAR STRUCTURE OF THE VOSNZCZO'H°O
COMPLEX

* *
J.R. Zamian, E.R. Dockal , G. Castellano and G. Oliva Departamento de

Quimica, Universidade Federal de Sao Carlos, Caixa Postal 676, 13560 Sao
Carlos, SP, Brazil and Instituto de F{sica e Quimica de Sao Carlos, Uni-

versidade de Sao Paulo, Caixa Postal 369, 13560 Sao Carlos, SP, Brazil.

Abstract

The complex VOSNZCZOHZZHZO’ MW=439,.36, was synthesized and crystallized
in the monoclinic space group P21/c, with 2=9.423(1), b=17.005(4), ¢=12.773
)8 , £-98.23(1)%, v=2026(1)%>, z=4, D =1.441 g em~>, A (MoKa)=0.71073%,

umb.77em L

» F(000)=916, T=298K. The structure was solved from 2566 indepen
dent reflections with 1>30(I) by Patterson and difference Fourier techni-
ques and refined to a final R=0.039., The coordination around the V atom is

in the form of a squared base pyramid, with the base formed by two nitrogen

and two oxygen atoms of the ligand, and the vanadyl oxygen at the apical
position. A crystalliz#tion water molecule, strongly hydrogen bonded to
two independent pairs of ligand ofygen atoms completes the structure. In
the infrared spectrum two sharp bands appearing at 3524 and 3577 cm'-1 are

assigned as 0O-H stretching ftequénciéé of the water of crystallization. The
Gaussian analysis of the visible spectrum of the complex yieids four peaks

assigned as the four d-d transitions.

Introduction

The most important V(IV) compounds are those containing the VO2+ unit.
Numerous complexes of oxovanadium (IV) ion, vanadyl ion, have been prepared
and studied. Almost all compounds contaning the VO2+ unit are blue or

green and have a strong V=0 stretching band in the ir in the range 950 to

*Authors to whom correspondence should be addressed.





