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In the crystal structure of 8 butoxy-psoralen-thymine, 
psoralen and thymine rings are not parallel (Fig.b) and 
the angle between ·the planes is 73°. 

(1) LERMAN L.S. (1961) J.Hol.Biol. 3, 18 

(2) SONG ~.S. and TAPLEY K.J. (1979) Photochem. Photo
biol. 29, 1177. 

03.1-06 ili~TI-Cili~CER AGENTS: STRUCTURES OF ICRF-159, 
THE CRIRAL STEREOISOHER SCRF, ii.ND CIS A.JqD 

TRANS FIXED CONFORHATION ANALOGUES. By A. Rempel and 
N. Camerman, Department of Biochemistry, University of 
Toronto, Toronto, Ont., Canada, and A. Camerman, 
Departments of Hedicine (Neurology) and Pharmacology, 
University of Washington, Seattle, Hash., U.S.A. 

The compound ICRF-159 has demonstrated activity 
against cancer cells in vitro and in vivo, seemingly 
working by inhibiting-cumor blood vessel development. 
In a study using fixed geometry analogues [J. Hed. 
Chern. l1:_, 1974 (1978)] activity Has shmm to reside 
in the cis-conformation only. We have determined the 
crystal~d molecular structures of ICRF-159 and its 
optically pure enantiomer SCRF, and of the fixed
geometry compounds employed in the biological tests. 
The SCRF has a linear trans conformation in the 
crystal, while ICRF adopts the cis arrangement, very 
similar to the conformation of the fixed-geometry cis 
analogue. Conformational comparisons of the four 
compounds will be described. Crystallographic data: 
ICRF-159, triclinic, Pl, a=6.93, b=ll.93, c=8.58A, 
a=lOl.l, 6=108.0, y=97.5°, Z=2; SCRF, monoclinic, 
P21, a=l0.58, b=9.46, c=6.59A, 6=95.0°, Z=2; cis 
analogue, orthorhombic, Pna21, a=9.73, b=7.08, 
c=l8.21A, 2=4; trans analogue, monoclinic, Cc, 
a=l9.17, b=6.65, c=9.85A, 6109.4°, Z=4. 

03.1-07 HOLECULAR STRUCTURE OF A QUINAZOLINE ANALOG 
OF AHINOPTERIN. Donald Hastropaolo,R.Harren 

Smith & Arthur Camerman, Depts. of Neurology & Pharmaco
logy, U. of Hashington, Seattle, WA, & Norman Camerman, 
Dept. of Biochemistry, U. of Toronto, Toronto, Canada. 

Aminopterin is a folate antagonist that strongly in
hibits dihydrofolate reductase (DRFR) and can inhibit 
tumor cell growth. Although such drugs as aminopterin 
and methotrexate are useful in the treatment of various 
forms of cancer, they also interfere with normal cell 
growth and cause severe side effects. Huch research is 
currently aimed at developing folate antagonists which 
could preferentially inhibit tlli~Or cell DRFR. Detailed 
stereochemical information on folates and folate anta
gonists is essential to the understanding of their en
zyme binding properties and could ~.id in the search for 
better anticancer agents. 

N-[p-[(2,4-Diamino-6-quinazyl 
methyl )amino]benzoyl]diethyl-aspar
tate, a close analog of aminopter
in is an inhibitor of both DHFR and 
thynidylate synthetase. Crystals of 
this compound were obtained from a 
"tvater-ethanol mixture and its struc
ture was investigated. The unit 
cell is monoclinic, space group c2, 
with parameters a=32. 77(1), b=7.529 
(9),c=ll.064(3)X, S=l09.34(2) 0 ,Z=4. 
The structure was solved by direct 
methods and refined to an R-factor 
of .079. The molecular conforma
tions of the title compound, folic 
acid and methotrexate will be com
pared and stereochemical features 
important for enzyme binding will 
be discussed. 

03.1-08 COMPARISON OF THE BINOII'-IG OF TRI
METHOPRIM AND TRIMETHOPRIM ANALOGUES TO 
BACTERIAL OIHYOROFOLATE REDUCTASE. By 
O.J.Baker, C.R.Beddel!, J.N.Champness, P.J.Goodford, 
F.E.Norrington, B.Roth(*) and D.K.Stammers. Wellcome 
Research Laboratories, Langley Court, Beckenham, Kent, 
BR3 3BS, U.K. and (*) Wellcome Research Laboratories, 
3030 Cornwallis Road, Research Triangle Park, 
N.C.27709, U.S.A. 

Trimethoprim (TMP) is a widely used anti-bacterial drug, 
a potent inhibitor of bacterial dihydrofolate reductases 
(DHFRs) but a much weaker inhibitor of the vertebrate 
enzymes. To provide information on the action of this 
drug at the molecular level, we have determined the 
structure of the binary complex of E.coli (strain RT500) 
DHFR with TMP and compared it with those of two 
related complexes each incorporating an analogue of 
TMP. The enzyme crystallizes in space group P61 with 
unit cell dimensions a=b=93.6~, c= 73.9~ ana the 
asymmetric unit contains two protein molecules. Two 
heavy atom derivatives were used in the solution of the 
structure to 2.8~ resolution. 

The overall folding of the polypeptide backbone is sub
stantially in accord with that described by Matthews et 
a]. (Science (1977) 197, 452) for the E.coli (MB142BJ 
DHFR-Methotrexate (MTX) complex even though there 
are differences in the amino acid sequence between the 
enzymes of the two strains of E.coli. The structure 
incorporates an eight-stranded 13-sheet beginning at the 
N-terminus and ending, with its only antiparallel strand, 
at the C-terminus. 
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The binding of T!VIP is similar in each of the two mole
cules in the asymmetric unit; it lies in a prominent cleft, 
the face of the S-sheet closing the cleft at the rear. The 
4-amino group, C2 and N3 of the pyrimidine group are all 
close to the first S-strand, in the region of residues 5, 6 
and 7, and Nl and the 2-amino group of TMP are about 311. 
from the carboxyl oxygens of Asp 27. The other 
enzyme/drug interactions are largely hydrophobic in 
nature: the trimethoxybenzyl group of TMP is directed 
outwards from the enzyme cleft and is close to the side 
chains of Ile 50, Leu 28 and Phe 31. 

The two analogues of T!VIP involve a substitution of N3 by 
CH and a substitution with methyl at C6. These modifi
cations respectively affect the thermal vibration and 
conformation of the bound ligand. 

03.1-09 STRUCTURE-FUNCTION RELATIONSHIPS Al'!ONG 2, 4-
DIAMINOPYRIMIDINE Al'lTIFOL.<\TES. By Vivian Codv, Hedical 
Foundation of Buffalo, Inc., Buffalo, NY 14203, U.S.A. 

It has been shown that the essential features reauired 
for tight binding of antifolates to dihydrofolate reduc
tase are a 2,4-diaminopyrimidine or s-triazine structure. 
In particular, those compounds with a lipophilic group 
at position five appear to act as antineoplastic agents 
while other compounds of this class have antibacterial 
or antimalarial activity. Some of these compounds also 
show species specificity in their antifolate activity. 
It has also been suggested that the enhanced binding of 
these antifolates compared to that of the natural folic 
acid substrates may be related to the activity of the 
2,4-diaminopyrimidine (l) to achieve and maintain a 
specific hydrogen bonding pattern in the active site of 
the enzyme in contrast to the 2-amino, 4-oxo groups of 
folates, or (2) to contribute to electronic interactions 
such as charge-transfer or electron donation due to the 
increased basicity of Nl in the 2,4-diaminopyrimidines. 
Thus the crystal structures of the follm·1ing lipophilic 
5-substituted 2,4-diaminopyrimidines have been under
taken to investigate the conforma-tional aspects of drug 
specificity. (I) 2,4-Diamino-5-(3,4-dichlorophenyl)-6-
methyl pyrimidine ethyl sulfonate (C13H15N40ACizS; Pl, 
Z=2, a=l0.6021(7), b=l2. 7180(2), a=7 .5180(6)1\. a=96.35(l), 
S=l03.59(7), y=ll7.57(l) 0

), (II) 2,4-diamino-5-((3,5-
dimethoxy-4-propene)benzyl)pyrimidine ethyl sulfonate 
(C 1 5H26N~OsS; Pl, Z=2, a=9.400(l), b=l9.563(2), a= 
5.420(1)1\., a=93.29(l), S=94.ll(l), y=l03.95(1) 0

), (III) 
2,4-diamino-5-(1-adamantyl)-6-methyl pyrimidine ethyl 
sulfonate (ClsHzzN4o,s; Pl, Z=2, a=l0.309(1), b= 
4.536(2), c=6.486(l)R, a=91.76(2), S=94.98(1), y= 
109.75(1) 0

), and (IV) 2,4-diamino-5-(1-naphthyl)-6-
methyl pyrimidine methanol complex (C1 6H1sN40; C2/c, 
Z=S, a=l8.542(8), b=l0.990(4), c=l4.721(9)R, S=91.91(5)~ 
[Cody & Zakrzewski; ACA Abstracts, l, 13; ~, 35, 1980]. 

The analysis of these data shm·lS that all but IV are 
protonated at Nl, all but III have coplanar 2,4-diamino
pyTimidine rings and all have similar hydrogen bonding 
patterns <vith a base-pair hydrogen bond bet<veen N4 ... N3 
of inversion-related molecules. The conformation of the 
5-substituent in molecules I, III and IV is such that 
the to;vo ring systems are rotated 108°, -8°, -87°, re
spectively. The torsion angles about the bridging car
bon in (II) are -153°/-98°, respectively. The confor
mational and hydrogen bonding patterns exhibited by 
these structures may help explain binding affinity and 
dihydrofolate inhibition differences among these anti
folates and distinguish structural features that con
trol species specificity. 

NH2 

'"*c~~:, 
W OCH3 CH2 

IT CH3 CH2 SO) 

'~ NH2~N/"'.CH3 
CH30H 
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03.1-10 STRUCTURE-POTENCY RELATIONSHIPS FOR THE 2,3-
DIMETHYL ANAI..CX;S OF THE PRCMEDOL ALCOHOLS. By M. 
CygV:r arrl F.R. Ahmed, National Research Cotmcil of 
Canada, Ottawa.KlA OR6, Canada; A.F. Casy arrl F.O. 
Ogungbarnila, University of Bath, Bath BA2 7AY, England. 

The structure-potency relationships of the isomeric 
prodines (I) and the isomeric promedol alcohols (II) 
were summarized by Ahmed & De Camp (Acta Cryst. (1972), 
B28, 3489-3494), arrl a more general article on analges
ics arrl their antagonists has been published by Casy 
(Progress in Drug Research. (1978) 22, 149-227). The 
present woik extends these relationships to the three 
isomers of the 2,3-dimethyl analogs (III) of the pro
medal alcohols. 
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The isomers of (III) are confirmed to have the activity 
ranking y > " > S • The configurations of the a- and s
isaners have been determined fran 'H- and 1 'C--NMR data 
and confirmed by the X-ray results. The configuration 
of the y-isaner and the solid-state conformations of 
all three isomers have been elucidated from the crystal 
structures. 

·The potency-configuration relationships among the 
three isomers of (III) are found to follow the same 
pattern as for the isomers of (II), and are not affec
ted by having a methyl substituent on C(3) instead of 
C(5). Only the isomers with the highest potency in (II) 
&<d in (III) crystallize in opposite conformations. 


