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SUMMARY

Tkie purpose of this research is to eradicate chemotherapeu-
tic-l!ly malarias in the human host; drug resistant strains of
P. filcqparum constitute the primary target. Our aim is to
sugqest molecules for synthesis and testing which have a high
probibility of success as effective antimalarials.

Results for this report period include a rather thorough
f'indamental study on drug-DNA interactions following the work
t.•pcrted by O'Brien and Hahn. 2 This study consists of Free-Wilson
inJ Hansch analyses on a series of compounds to arrive at a con-
:i-en, model describing the mechanism of interaction. The second
may-ýr activity during this report period consists of molecular
orbital calculations of molecules of interest as known or potential
antim.larials. Work along these lines includes parameterization
ct selected molecules and investigation of various levels of
appr&-.imation (HUckel, Del Re. Pariser-Parr-Pople, CNDO/2). We
rave 41sc indertaken rather fundamental studies in quantitative
qtr'ict'Jre-ActLvity relationships to bring our software to a higher
lcvq,! of 3ophistication. The decoding of the str-ucture/sub-struc-
tu:c searchinq programs provided by Walter Reed has been accomr
plA;ý1 dazina this report period. We have successfully trans-
Iate th:., programs into language acceptable by the IBM 360/40
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FORWARD

This project PROGNOSES OF ANTIMALARIAL EFFECTIVENESS FROM
STUDIES OF RELATIONSHIPS BETVEEN MOLECULAR CONSTITUTION AND
CHEMOTHERAPEUTIC RESPONSE was authorized under Contract No.
DA-49-193-MD-2779 and was activated I July 1965.

This report covers the period 1 July 1970 through
30 June 1971 and constitutes the sixth annual progress report.

The Principal Investigator would like to express his
appreciation for the contributions made by members of the
Department of Molecular and Quantum Biology. In particular he
would like to thank Dr. George E. Bass, Assistant Professor,
Miss Jane E. Parker, Research Assistant, Mr. Ozra E. Millner,
Jr., Graduate Research Assistant, Miss Ann Ray, Departmental
Secretary, and Miss Sherry Hoskins, Special Assistant.

Computer programming and computational services were
provided in part by Dr. David M. Vaught, Director, the
Computer Center, Memphis State University, and Visiting
Assistant Professor, Department of Molecular and Quantum
Biology and Mr. James C. Ziegler of Data Comunm.nications
Corporation. Computer facilities were supplied by the
University of Tennessee Computer Project and the Biometric
Computer Center. We are most grateful to the fine staff at
both of these centers for their able assistance.
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STATEJM.NT OF THR PWRBLF#

The malaria pioblc tAs been defined precisely by Col.
William D. Tiqertt and we will only' state here that we are
dedicated to t-* chaitheraputic eradication of rfalarias
in the human host witu Jruq resistant strAins of P. falcipa-

rum as the main tarqot. O4r primary objective is to predict
the ant •r4ari• I. vt.-•vt.y . f a ccmpound before it is even
synthesized %nd to suq•4esat molcules for synthesis and
evaluatLon h4vln. h ,4h prb• ilt.ab•1ty of suci-ess.

BACKCR1•tD AND APPRIACH TO THE PROBLEM

The rv,dor to rri,vrrod to Proqress Reports Numbers 1,
2. ). 4. and 5 oub.ýttva June L966. June 1967. June 1968,
June 1969. ani ;uno 11)7(. reop-rtively. for the background
and :revioo4s work on tý.tA problem.

RESULTS AND DISCVSSION OF RE-ULTS

The work by o'Brien and Hahn 2 precipitated our
interest in fundament•l F-')de- z-.ociated with the
mechanism of antimalarial actior. In particular, it
has been sugqested that chloroquine and chloroquine
analogs &ntercalate selectively with the parasite
DNA and. thereby, block the enzymatic synthesis of
DNA and RNA. We have conducted several studies to
investigate the validity of this proposed mechanism.
The results of these studies during the past year are
sumirarized below. 2 ;

It has been sugge&tod that thc iN-. '. ,.

bacillus subtilis growth by Miracil D (1-diethyl
amino ethyl amino-4-methyl-lO thiaxanthenone 1) and
its analogs is a con-•quence of drug-DNA interaction.
In order to gain a better understanding of the nature
of this phenomenon and how it may be related to the
mechanism of antimalarial activity, we have subjected
the data presented by these authors to regression
analyses using the Free-Wilson Model and the Hansch
Model.

5



0 N2 (CCH2)nN

A. Free-Wilson Analysis

The quantitative results found from the Free-
Wilson analysis suppojt the qualitative observations
by Hirschberg, et al. High bacteriostatic activity
apparently is favored by a hydrogen on the proximal
nitrogen of the 1-side chain, a methyl group
attached at ring position 4, sulfur at position 10,
and Cl at position 6. For those analogs with a
diamino side chain, activity increases significantly
with separation (at least up to four carbons) of
the nitrogens. While no trend is apparent for the
groups attached to the terminal nitrogen on the
diamino side chain, the most active groups are
predicted to be C4 H9 or CH2 C (OH) (CH3) 2 and
hydrogen.

B. Hansch Analysis

The Hansch Model has also been applied to the
data of Hirschberg, et al. As in the Free-Wilson
Analysis, the activity parameter chosen was the
minimum inhibitory concentration of Bacillus
subtilis and the analogs are the same as those given
above (I).

Physicochemical parameters chosen for this
study were octanol-water parkition coefficients, W,

,!•cted from the literature and the quantum
mechanical charges (HtcKei pi-elecL _n and Del RP
sigma-electron contributions) for the ppoximal
nitrogen, Q 1 , the terminal nitrogen, Q , and the
charge on tR atom at R , Q . The geneYlized
structure-activity equaiion'that was used is:

6



Log (25 x 10-5 /C) -2 * tr~

growth inhibition wiic4*1%s

In the series stuJied. strc;.rt~uil va.-an avLAvec1
either -H or Cl at R,~ v k:r n!, at P, V I, Cli
or - OC 2 I H it P..' !1, Ilic- . ý%rd f-.-dro ij 'ro~j1,,s
at R diag~ A Nro-N sv;ai no) I* ". i.~

Multiple re *!i~s~on amilyapt'. all.r~ vC~r'.;rat~ 4,_
o f pa r ame t vrs i n ~j.;at A vn 1 4 ea jr.c v 'r i¼
entire serie?, r! , (vp, ,mlp ana I'cl~ -.at ;c -

for each _qv.:vm -it nLner ivp.4r ;;~ A.te- I -au,1n
The results :r T3bitr I nu, v i i''.a t t, -c :"st .n
ship between -io~ Iari41. l

pounds. The brcadrcst ot'n n- dtaw..'.
is that str-uctural v a r at &ci- ;r one port; -r. (of the
molecule (at P ",r R Irr eltample) !'ap a ;%t~rCrn
influence en ot eraciin.: a~qc d ate h cthr'r
portionn (such a~t the diarimio S-ie ca) oýf
the molecule. We are c-ntara-jinV* thege tttvdies to
try to clarilrthin itter.



?able 1: Itansch Analyses on Mirar-il D
AnAlogs. Highest Correlat:on Results

Pa rameters
fur

No. ot Optimul £xplained
Compounds Correlation Variances

ALl compounds 23 0Nl. 0 0.45

R IH 14 -" N1 0.30

R i I ci 9 .2# _, x 0.55

R4 ef3  14 Oil. 0 0.46

R C 9- QN 0.53

k5 H 14 -0QN1 .8
-2. 0.80

- 0.780+

0 N1' QN2 0.78
N-N sepn 2C atoms 15 QN1' 0x 0.52

n-N sopn 3C atoms 6 Q ON2 0 0.46

N-N sepn 2C atoms 8 -2, 1- x 0.81

and R1  R CH3 +

WN sepn 2C ator; 7 QNI' Q N2 Ox 0.61

and R H1

- -epn 2C att:.is 8 0 N1 0.68

and R5 H 2
N-N sepn 2C atoms 7 7 r * 0 0.62

and R5 Cl. 2
N-N sepn 2C atoms 5 Tr , 0 N1 0.85

and R1 H, R4 CH 312'4
N-N sepn 3C atoms 5 T rr " QN2 0.98

and R1  H, R4 CH 3
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II. Molecular Orbital Calculations

We have continued fundamental studies in quantum
mechanics with the ultimate objective of applying
molecular orbital calculations to molecules of interest
as known or potential antimalarials. Once the elec-
tronic indices of these molecules are determined from
molecular orbital calculations, it is intended that
certain correlations will be attempted between the
antimalarial activity and these indices.

Our work along these lines during this report
period include parameterization of selected molecules
through the use of electric dipole moment measurements
and the investigation of various levels of approxi-
mation (H{tckel, Del Re. Pariser-Parr-Pople, CNDO/2?
to determine various factors which one shoulU _cnrisider
in selecting a particular metbod for a specific purpose.
These results are detailed in our Quarterly Report
dated April 26, 1971, for the period January, February,
March, 1971, and summarized in two abstracts assoginted
with National American Chemical Society Meetiiigs.• •'

III. Quantitative Structure-Activity Relationships

A. Fundamental Studies

With increasing activity in the ageg of
quantitative structure-activity modelso-
it has come to our attention that investigators
have been misled from time to time by
inappropriate applications of these models and,
in particular, the statistical iiiterpretation.
Therefore, we have undertaken rather fundamental
studies of these methods with the idea of removing
the mystery from the algebraic considerations and
suggesting guidelines for aýplication and
statistical interpretation. 9

The results of our findings may be summarized
by stating that 1) the de novo or Free-Wiison
model may be applied with and without statistical
interpretation. If it is with statistical
interpretation one needs to be very careful that
there are at least two independent observations
of a specific functional group on two molecules
before statistics may be applied and 2) statis-
tical interpretation should be used with great

9
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care. We feel rather strongly that the parameter
explained variance, which includes the number of
degrees of freedom, should be evaluated along
with such common terms of correlation coefficient
t-test, etc.10

B. Software Development

Over the pa. t y-ars we have continued to
upgrade and refine our software for quantitative
structure-activity relationships. We are now
capable of conducting these regression analyses
using many parameters, evaluating all combina-
tions and permutations of these parameters auto-
matically, and computing the correlation
coefficient, t-test, F-test, ant. explained
variance automatically with the t-test giving
significance on a term-by-term basis.

IV. Decoding Stru:ture/Sub-structure Searching Program
Provided by Walter Reed

Approximately three years ago we were given the
Structure/Sub-structure Searching Programs that
Dr. Jacobus and his associates developed for the
malaria program. We have successfully translated
these programs into language acceptable bý the
IBM 360/40 System. When the documentation is
completed, these programs will be made available
to the U.S.Army Medical Research and nevelopment
Command. We are keeping in close contact with
Captain Robert 0. Pick and Mrs. June Schaeffer in
this connection.
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