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03. X-15 ANATYSIS AND DESIGN OF PROTEINS AND
PEPTIDE DRUGS. By B. Robson, University of
Manchester Medical School, Manchester M60,
England.

There has recently been considerable interest
in applying the lessons, learned from conform-
ational analysis of peptide systems, to the
design of artificial peptides. The chemical
fourmulae are being sought which will give the
required properties in vitro (eg. artificial
enzymes) and in vivo (eg. as drugs such as
neuropetide agonists or antagonists). An even
more recent interest i1s being shown in-.the
design of artificial wvaccines. Calculation of
the conformations and conformational behaviour
of peptides is obviously an important part of
the design procedure, and indeed the classic
problem of predicting the native structures: of
natural proteins and oligopeptides may appear
as part of that procedure. For example, one may
need to predict the structure of a natural en-
zyme to design a peptide inhibitor to it, or
of an oncogene product to design artificial
vaccines against it. Examples will be drawn
from work in our laboratory, including studies
on TRH and analogues, neurotensin, chemotaxic
factors, thrombin, and oncogene products. These
studies span from detailed calculations on
smaller oligopeptides to rapid approximate
methods for calculation of the three dimen-
sional structures of proteins 70-350 residues
in length, and involve new advances in calcul-
ation technique.

03. 11 CONFORMATIONAL STUDIES OF HEPATOTOXIC
PYRROLIZIDINE ALKALOIDS. By M.F. Mackay, Department of
Physical Chemistry, La Trobe University, Bundoora,
Victoria, Australia 3083 and C.C.J. Culvenor, CSIRO,
Division of Animal Health, Parkville, Victoria,
Australia 3052.

Awareness of widespread human exposure in many countries
to the hepatotoxic and carcinogenic pyrrolizidine
alkaloids is increasing and with it the need to under-
stand the degree of toxic hazard they pose. Crystallo-
graphic studies are being used to gain insights into

the structural and conformational aspects which
influence toxicity. The similarity between conformation
in the solid state and solution can be gauged from
nuclear magnetic resonance measurements.

Toxicity of the alkaloids is dependent on protection of
the ester groups from esterase attack, the protection
being usually ascribed to steric hindrance by the
highly substituted esterifying acids. 1In the macro~
cyclic diesters, the degree of protection is increased
by the restricted rotation of bonds and by the ring
itself hindering approach to the carbon end of the
carbonyl groups. This is most marked in several alka-
loids with a l2-membered ring such as senecionine (I),
in which the carbonyls are anii-parallel and directed
outwards from the ring. Even in the alkaloids with an
ll-membered ring such as monocrotaline (II), in which
the carbonyls are syn-parallel, substantial protection
should occur.

A comparison of closely related alkaloids with a

similar conformation, crispatine, fulvine (Sussman &
Wodak, Acta Cryst. (1973) B29, 2918) and monocrotaline
(Stoeckli-Evans, Acta Cryst. (1979) B35 231; Wang, Sct.
Sin. (1981) géj 497}, the toxicity of which decreases in
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this order, suggests that lipophilic character rather
than conformational difference is the main influence in
determining their relative toxicity. Crispatine is
more soluble than fulvine in lipid solvents, apparently
because the stereochemistry of the 13G-0H permits an
intramolecular H-bond with the secondary ester carbonyl;
fulvine has a 13B-OH which cannot bond in this way.
Monocrotaline with 2 OH groups has the lowest lipid
solubility.

The toxicity of pyrrolizidine alkaloids is exerted
through a reactive pyrrole metabolite (Huxtable, Trends
Pharmacol. Sei. (1980) 1, 299). The metabolite from
senecionine, dehydrosenecionine, has a conformation
that closely resembles that in the parent alkaloid
apart from the flattening of the pyrrolizidine nucleus.
Thus a similar protection against esterases is afforded
although direct hydrolysis by water will occur. In the
active metabolite of monocrotaline, dehydromonocrota-
line, the conformation of the ll-membered macroring is
significantly different from that in the parent alka-
loid, the perturbation of the macroring being revealed
most notably in the conformation around the primary
ester system.

(1)

03.1-2 THE STRUCTURAL COMPARISON OF PHENYL ETHYL
BIGUANIDE HYDROCHLORIDE WITH SYMPATHOMIMETIC AMINES.
By P. Roychowdhury, Department of Physics, University
College of Science, Calcutta, and Sandhya Roychowdhury
and B, N. Das, X-ray Laboratory, Presidency College,
Calcutta, and S. Chaudhuri, R.S.I.C., Bose Institute,
Calcutta.

Studies of a number of sympathomimetic compounds
suggested that a molecule with an aromatic six membered
ring or ring system and an attached ethylamine side
chain generally exhibit sympathomimetic activity
provided this molecule assume a preferred comfiguration.
The structure of the title compound was determined
mainly to compare its phenyl-ethyl-amine moiety with
the similar group present in sympathomimetic drug.

The crystal data are : cryst. sys. = monoclinic;
sp. £. = PZl/c; cell d%m. a=14.913(3), b=9.372(2),
c=20.338(5), B=116.89; 2=8 (2 indepggdent molecules
per asymmggric unit); dens.=1.26 g.cm ~; calec. dens.=
1.27 g.cm T,

X-ray data were collected on a Nonius CAD-4 diffrac-
tometer using copper radiation. The structure was
solved by Patterson synthesis and refined anisotropic-—
ally using full matrix least squares to a final R of
0.048 for 2,800 reflections.

It is interesting to note that the conformation of
the phen-ethyl-amine moiety in this compound show
considerable resemblance with the preferred one usually
adopted by sympathomimetic drugs even though the degree
of agreement is different for the two molecules in the
asymmetric unit that form a hydrogen bonded dimer with
relatively different configuration. The torsion angles
clearly indicate that in both the molecules the
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ethylamine side chain is maximally extended - a pre-
requisite for sympathomimetic activity. In one of the
molecules the plane of the side chain was found to be
nearly normal (88.41 ) to the plane of the ring and
therefore in very good agreement with the characteris-
tic value ,and the corresponding value obtained for the
other molecule is also within the permissible range.The
nitrogen atom in the maximally extended side chain of
each molecule was observed to be at a distance of 5
from the centre of the aromatic ring and im very close
agreement with that obtained for most sympathomimetic
amines. This nitrogen also acquires the characteristic
positive charge since the bond features clearly suggest
that the positive charge due to protonation is delocal-
ised evenly over the amino groups. The 3-D packing of
the molecules clearly reveal the formation of hydro-
phobic and hydrophilic zones in consonence with that
observed for many sympathomimetic compounds. However,
the characteristic tetrahedral nitrogen is not present
here. An assay of this compound for sympathomimetic
activity might therefore be able to assess the role
played. by the tetrahedral configuration of nitrogen

in a sympathomimetic drug.

03.1-3 STRUCTURAL STUDIES OF INHIBITORS OF ANGIOTEN-
SIN CONVERTING ENZYME. Alice Vrielink and Penelope W.
Codding, Departments of Chemistry and 6f Pharmacology

and Therapeutics, University of Calgary, Calgary, Alberta,
T2N IN4, Canada.

Angiotensin converting enzyme (ACE) is a physiologically
important enzyme in the reguiation of blcod pressure.

The enzyme converts the decapeptide,angiotensin I to the
octapeptide, angiotensin II (Ang II). Ang II acts in a
number of different ways to increase blood pressure. One
treatment for hypertension could be to block ACE with a
competitive inhibitor thus lowering levels of the hyper-
tensive peptide, Ang II.

Based on the similarities found between ACE and the well-
characterized enzyme carboxypeptidase A, Ondetti and co-
workers {Science (1977) 196, 441) have postulated an ac-
tive site model for ACE and have designed a therapeutic
inhibitor, captopril (2-D-methyl-3-mercaptopropanoyl-L-
proline). Recently, Kim and coworkers (J. Med. Chem.
(1983) 26, 394) have found that the addition of a hydro-
phobic group to the captopril skeleton increased inhibi-
tory potency. They suggest that the ACE active site

has a hydrophobic pocket.

The structure of one of Kim's compounds, $,5-1-[3-(ben-
zoylthio)-2-methyl-1-oxopropyl]-indoline-2-carboxylic

acid {1) has been determined to probe the conformational
effects of the addition of a hydrophobic group.

N7 CO,H
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A comparison of this structure to captopril (Fujinaga
and James, Acta Crystallogr (1980) B36, 3196) reveals
some striking differences in conformation. In capto-
pril the amide carbonyl points toward the carboxylic
acid function while in ] the orientation is the oppo-
site: a trans amide. Another difference arises in the
conformation of the thio-oxopropl side chain; the
C~C-C-S torsion angle is -170.6° in captopril and -62.7°
in 1. Therefore, in 1 the side chain is folded to
bring the S atom within 3.3 A of the amide carbonyl
oxygen atom. This distance is 4.7 R in captopril. The
active site model postulates a binding site for each of
these atoms (S and 0) and must be reconciled with these
conformational differences.

Crystal data: C,oH,gNO,S, P2,2,2;, a = 7.447(2), b =
11.423(2), ¢ = 21.809(6)R, Z = 4, px = 1.368, T =

~-100(5)°C.

This work was supported by the Alberta Heritage
Foundation for Medical Research and the Medical Research
Council of Canada (grant MA-8087 to PWC).

03.1-4 DIPYRIDAMOLE: A FLEXIBLE MOLECULE WITH
AFFINITY FOR MORE THAN ONE RECEPTOR. Penelope W.
Codding and Joanita Jakana, Departments of Chemistry and
of Pharmacology and Therapeutics, University of Calgary,
Calgary, Alberta, T2N 1IN4, Canada.

Nucleoside transport inhibitors act to potentiate the
hypotensive and vasodilatory actions of adenosine by
preventing the uptake of adenosine into the cells.
Molecules 1ike dipyridamole, Tidoflazine and papaverine
bind competitively to the nucleoside binding site and
inhibit the high-affinity uptake system. The structural
analysis of dipyridamole was undertaken to identify the
features in these inhibitors that are in common with
adenosine. Comparisons of lidoflazine, papaverine and
dipyridamole with adenosine will be presented to map out
a composite nucleoside transport binding site.

Dipyridamole can also mimic another biocactive compound;
it has high affinity for benzodiazepine binding sites
(L.P. Davies, et al., Life Sci (1980) 26, 1089-1095).
A.S. Clanachan and co-workers (Biochem Pharmacol (1983)
32, 1229-1235) have found that benzodiazepines inhibit
nucleoside-transport and the binding of transport inhib-
itors Tike dipyridamole. The order of potencies of the
benzodiazepines for transport inhibition differs from
that for anxiolytic effect, confirming that these are
two separate receptor systems. Current benzodiazepine
receptor site models will be analyzed for an explanation
of the affinity of dipyridamole for these receptors.

The diversity shown in the activity of dipyridamole is
aiso shown in the crystal structure. The compound
(ConHyoNg0Oy) crystallizes in space group Pc at -100(5)°C
with two molecules in the asymmetric unit and a =
11.233(2), b = 11.116(1), c = 20.563(1)R, 8 = 104.45(2)°.

The two unique molecules differ in the conformations of



