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Plan C(6), C(8a), C(7), C(8)
—0,55848x —0,35838y + 1,075922 = 4,49906
[C(6) 0,005 A; C(8a) —0,004 A; C(7)—0,011 A;
C(8) 0,010 A ]

Plan C(3a), C(4), C(5)
+1,31348x +0,39949y — 1,03100z = — 2,37055 .

Les angles entre ces plans, comme le montre la Fig.
3, sont de 48 et de 27°, valeurs identiques aux erreurs
pres, a celles trouvées dans I’acide thujique.

Le cycle tropilidénique du composé étudié présente
donc une conformation bateau avec les caractéristiques
suivantes:

— un carbone tétraédrique C(4),

- un systéme de simples et doubles liaisons alternées,

- deux angles entre plans caractéristiques de 48 et
27°.

Dans le ligand libre, les carbones C(3a) et C(8a) sont
de type sp2. Les carbones C(4) et C(8) sont donc tou-
jours situés dans le plan thiophénique. Etant donné le
type sp® de ’'atome de carbone C(4), les atomes de car-
bone C(5), C(6), C(7) sont rejetés en dehors du plan
moyen thiophénique. Pour interpréter I'unicité de la
raie de résonance des protons méthyléniques (déplace-
ment chimique moyen d=3,14 p.p.m.), il faut admettre
I’existence d’une résonance entre les deux conforma-
tions possibles du cycle tropilidénique plagant alterna-
tivement les atomes C(5), C(6), C(7) de part et d’autre
du plan thiophénique. Les protons géminés du carbone
tétraédrique occupent alors statistiquement une posi-
tion axiale ou équatoriale.

Dans le ligand complexé, I’examen des distances des
atomes au plan moyen défini par les quatre carbones
du cycle thiophénique montre que les atomes de car-
bone C(4) et C(8) s’écartent tres légérement de ce plan
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(0,08 et 0,02 A). Ceci montre que les atomes de carbone
C(3a) et C(8a) comme les atomes C(3) et C(1) ont perdu
une partie de leur caractére sp? par suite de la présence
du coordinat Cr(CO),;. Comme dans le ligand libre, les
atomes C(5), C(6) et C(7) sont rejetés en dehors du plan
moyen thiophénique. Mais la présence du coordinat
Cr(CO); détermine un marquage latéral de la molécule.
Les deux conformations bateau du cycle tropilidénique
ne sont plus énergétiquement équivalentes; seule la
conformation bateau plagant les atomes C(5), C(6),
C(7) et le trépied de part et d’autre du plan moyen thio-
phénique est possible; I'autre conformation est exclue
par empéchement stérique. Les protons méthyléniques
ne sont donc plus magnétiquement équivalents, et ap-
paraissent sous la forme d’un doublet dans le spectre
r.m.n.

Les résultats cristallographiques confirment de fagon
indiscutable les donnéees obtenus en r.m.n. De plus, ils
apportent des renseignements sur I'influence de la com-
plexation sur un noyau hétérocyclique: diminution du
caractere de simples et doubles liaisons C-C, allonge-
ment des liaisons S-C(1) et S-C(3) et absence de pla-
néité du cycle.
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The Crystal Structure of DL-Isoleucine and Structural Relations between Racemic
and Optically Active Pairs in some Aminoacids

By ETTORE BENEDETTI, CARLO PEDONE AND AUGUSTO SIRIGU

Istituto Chimico, Universita di Napoli, Via Mezzocannone 4, 80134 Napoli, Italy

(Received 13 October 1972; accepted T December 1972)

pL-Isoleucine belongs to the space group PT, with a= 1466, b=5-39, c=527 A, a=109-2°, §=114-0°
and y=85-2°, The structure has been determined with moderate accuracy, and shows some relation-

ships with the L and pL forms of other amino acids.

It has recently been shown (Torii & Itaka, 1971) that
the crystal structure of some L-x-amino acids having
hydrocarbon side chains are closely related. On the
other hand, it has been pointed out (Pedone & Bene-
detti, 1971) that an equally close relationship may
occur, in some cases, between the molecular packings

of racemic and optically active pairs. Such a relationship
can be practically utilized to obtain a very good
approximation to the crystal structure of either the
racemic or optically active form, from that of the other.
In this communication we report the crystal structure
of DL-isoleucine and show that the same simple re-
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8 o lations exists between the molecular packing of DL- and
< ~
é‘eo @ L-isoleucine, and DL- and L-valine.*

s _ 0 A sample of ‘DL-isoleucine’ from the Nutritional

g SE & Eg Biochemical Corporation was used from which rather

Ty =T g poor crystals were obtained by crystallization from wa-

v g « ~ e

S Moo x ~ ter.

3 .

“E25885cw The X-ray analysis showed that the crystals were,
Q5T igg in fact, solid solutions of the two diastereoisomeric
SRR Y pairs, corresponding to the two asymmetric centres of
s SEsSs the molecule, in a ratio not significantly different from

1:1. The X-ray diffraction data were collected on an
g = automated four-circle Siemens diffractometer. The de-
2.8 termination of the lattice constants (see Table 1) was
Q0L ¥ S .
< &F carried out by a least-squares treatment of 26, y, ¢,
s 3 -
o * This relationship is also verified for the pL- and L-tyrosine
S oo & (Mostad, Nissen & Rgmming, 1971; Mostad & Remming,
S g3 2 NN 1972), and very likely for L- and pL-cysteine, although the
s 228G d—a S structure of the latter is not known (Harding & Long, 1968).
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5 o ?:_) ¢ 3 ; g Fig. 1. (a) Projection perpendicular to the bc plane of a layer

2ES L2095 of iso-configurational (L) molecules of DL-isoleucine. (b)

ES A hain Projection perpendicular to the ac plane of a layer of iso-

O4A LasA configurational (L) molecule of pL-valine.
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setting angles for 22 reflexions with 26>80°. (Cu K«
2=1-5418 A). 955 non-zero independent reflexions
were measured, using a -26 scan-mode. All the crys-
tals examined were twinned, the two lattices having the
hkO planes in common.

The crystal structure was solved on the basis of some
evident relationships (see Table 1):

asinp

THE CRYSTAL STRUCTURE OF pL-ISOLEUCINE

(i) The lattice dimensions of the ac plane of DL-valine
are almost identical with the dimensions of the bc plane
of DL-isoleucine.

(ii) The length of the ¢ axis and the intensity of the
00/ reflexions of L-isoleucine were very similar to the
a axis and 400 intensities of DL-isoleucine.

A molecular model of L-isoleucine was packed in the

o}

! b
O

J

p
A
A

Fig. 2. Projection along the ¢ axis of a layer of molecules of L-isoleucine.

Cr====

Or=s=

ol
a9

Fig. 3. Projection along the b axis of the crystal structure of DL-isoleucine.
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be plane of DL isoleucine in the same way as found in
the ac plane of pL-valine. The R factor for this first trial
model was 0-24, A difference Fourier synthesis soon
indicated the presence in the same site of two diastereo-
isomeric molecules.

The structure was refined by least-squares methods
with anisotropic thermal parameters for all atoms ex-
cept those [C(4), C(5), C(6-1), C(6-2)] involved in the
statistical substitution. No attempt was made to locate
the hydrogen atoms. The final conventional R value is
0-15, which should be considered an acceptable value
on the basis of the poor quality and twinning of the
crystals, and the partially statistical nature of the struc-
ture.

The structural feature common to the four crystals
is the presence of layers containing hydrogen bonded
molecules having the same configuration (in the par-
ticular case of our sample of DL-isoleucine, we refer to
the configuration of the a-carbon atom only). The rela-
tionship between such layers in DL-isoleucine and DL-
valine is of quasi-identity [Fig. 1(a) and (#)). This is an
indication of the predominant role played by the hydro-
gen bonding compared with the side-chain interactions.
Significant, but still small, differences distinguish the
packing of iso-configurational molecules in DL and L
crystals [Fig. 2, c¢f. Fig. (a) and ()).

A second crystallographically independent molecule
appears in the L crystals with a different conformation
on the side chain. In both racemic and optically active
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forms, molecular layers are tightly associated in pairs
via hydrogen bonding. The coupled layers are crys-
tallographically related by inversion centres in the ra-
cemic forms and by binary screw axes in the optically
active ones.

The crystals are built up by a sequence of such pairs
of molecular layers related by an unitary lattice trans-
lation (Fig. 3) or, as in DL-valine, by a 2, symmetry
operation.

The authors are grateful to Drs Mostad, Nissen and
Remming for sending preprints of their papers on the
crystal structures of L- and DL-tyrosine.

The present work has been carried out with the sup-
port of Research Grant (71/01561/03) of the Italian
C.N.R.
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The Crystal Structure of (+)sg,-cis-p-Dinitro-(R-5-methyltriethylenetetramine)cobalt(IIT)
Chloride, (+ )ss-cis-p-[Co(NO,),(R-5-metrien)]Cl

By Kivoaki TANAKA, FUMIYUKI MARUMO AND YOSHIHIKO SAITO
The Institute for Solid State Physics, The University of Tokyo, Roppongi-1, Minato-ku, Tokyo 106, Japan
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The structure of (+ )sse-cis-B-[Co(NO,),(R-5-metrien)]Cl has been determined from three-dimensional
X-ray data collected by diffractometer. The crystals are orthorhombic, space group P2,2,2,, with unit
cell dimensions: a=12-696, b=14-364 and ¢=7-542 A. There are four formula units in the unit cell.
The structure was solved by the heavy-atom method and refined by the anisotropic block-diagonal least-
squares method to an R value of 0-069 for 1567 observed reflexions. The quadridentate ligand is linked
to the central cobalt atom with its four nitrogen atoms in c¢is-f coordination. A substituted methyl
group lies in an equatorial position relative to the plane of the chelate ring. It is attached to the carbon
atom next to the secondary nitrogen atom common to the two chelate rings both in the equatorial
plane of the octahedron. The absolute configuration of the complex ion can be described as a skew
chelate pair, A. The conformation of the chelate ring with the methyl group is 4 and those of the other
two are d and A, respectively. The absolute configurations of the two secondary nitrogen atoms are
both S.

H,NCH,CH,NHCH(CH;)CH,NHCH,CH,NH,,
is part of the crystal structure analysis of substituted
triethylenetetraminecobalt(IlI) complexes (Ito, Ma-
rumo & Saito, 1970, 1972a, b). The authors were
interested in comparing the geometries of trien lig-
ands.

Introduction

This study of (+ )sgo-cis-f-dinitro(R-5-methyltriethyi-
enetetramine)cobalt(III) chloride,

(+ )sgo-cis-P-[Co(NO,),(R-5-metrien)]Cl,
R-5-metrien:



