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I. INTRODUCTION

During this report period a literature survey was conducted
in order to obtain a firm theoretical basis,in physiochemicat
terms,to better understand the binding of carbon dioxide by GABA.
We have also somewhat modified the GABA hypothesis. This modi-
fication appears to render certain past experimental findings
more comprehensible.

We continued testing compounds which are GABA* analogues for
mosquito repellency, and continued with our development of a new
instrument for obtaining repellency data utilizing the electronic
recording method.

We also continued with the development of our statistical
approaches, and made scome modification in our computer program soO
that the data derived from our tests could be more efficiently

handled.

*
Gamma amino butyric acid.
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A number of compounds submitted by Dr. Ronald P. Quintana
of the University of Tennessee were analyzed for repellency by

our methods, as well as other compounds which are GABA analogues.

IT. THE BINDING OF CARBON DIOXIDE BY AMINES, AND A MODIFICATION
OF THE GABA HYPOQTHESIS

An essential point in our hypothesis was that the binding
of carbon dioxide (COZ) by GABA must be easily reversible, and
sensitive to temperature. We have shown in our past reports (1)
that at ‘onstant temperature, the complex spontaneously dissoci-
ated, and that after 15 min only about one fifth of the carbamino
compound remained compared to a solution which stood one minute
before assay.

A number of Scandinavian workers who have been most recently
active 1n the study of carbaminc formation have also described
the reversibility of these complexes with time and st constant
temperature. The reversibility of a carbamino complex with amino
acids at constant temperature was shown in detailed studies cf
Jensen and Faurholt (2). Olsen, et al (3) and Jensen et al (4)
studied the carbamates of alkylamines, and Jensen et al (5) studied
carbamate formation in amino alcohols. Reversibility was a
characteristic of the reaction in all cases, and the complexes
were practically entirely destroyed with time. 1In these cases,
the carbamino compounds were gradually replaced by a stable
equilibrium in which bicarbonate and carbonate ions were produced.
Thus, the fact of spontaneous reversibility appears to be firmly

established.
IIT RESEARCH INSTITUTE
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We next explored the question cf the physical chemical aspects

of the effect of temperature in the binding of CO, to amines. It

2
15 known that the only form of an amino acid which reacts with

CO2 1s the anion, H,

(This represents a correction of a statement made in our last

N-R-COO™, or more simply, R~ (ref. 6,7).

report, where the GABA molecule containing an uncharged carboxyl

group was shown to participate in carbamino formation).

- - +
—= QOOC-HN-R-COO + H
2¢——-——‘-—

Thus: (a) HZN—R-COO- + CO

or:

- - + -
(b) R™ + CO, €<———— Am~~ + H , where Am _ represents
2"—'_""—_7
the carbamino compound.

The equilibrium constant of tne reaction is:

Ky = (Am=0) (7).
(=) (C0,)

Pinsent, et al (ref. 8) studied the total heat evolved in the

successive reactions:

- +
(c) NH3 + CO2 -> H2H—COO + H

(@) BT + NH, -> NH,+. (AH = -12.5 kcal/M at 25°)

3 4
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They found that AH = -9.0 kcal/M at 0°, -12.7 kcal/M at 20°,

and -15.6 kcal/M at 40¢. For reaction {(d), AH at 25° is -12.5

kcal/M (ACp 0) Substracting the/AH of reaction (d) from that
of reaction (c)., we obtain a/AH for reaction (b) of approximately
+3.5 kcal/M at 0°, 0 kcal/M at 20°¢, and -3 kcal/M at 40°¢ (ref. 9).
The/\H of formation of the carbaminn compound 1s therefore very
low, and extremely sensitive to temperature changes. On physical
chemical grounds, the interactions of temperature with CO2 and
GABA that we have postulated are quite realistic.

The above reactions were performed in aqueous solutions.

In the tissue, the H+ released from GABA vhen complexing with
CO2 1s probably taken up by tissue prcteins, as well as other
GABA molecules.

In terms of mosquito behavior, if the released H+ combines
with an amino group in the tissue to form -NH3+. then the above
relationships probably hold, as for ammonium ion formation. 1I1f
the temperature now 1increases as the mosquito approaches a host,
the AH of the i1solated carbamino reaction decreases. It reaches
zero at about 20°, and then becomes slightly negative.

On the other hand, 1f the released H' combines with a —-C0O~
group 1n the tissues, a relatively large positive entropy change
occurs. In carboxylic acid 1onizations, heat effects are negli-
gible. and entropy changes constitute the most important contri-

butions to free energy. Thus, both entropy changes as well as

heat exchanges may occur. The entropy term is, therefore, pro-

bably also important in carbamino complex formation and destruction.
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The/AH of the separate reactants and products in the forma-

tion of carbamates appears to be quite low at ordirary tempera-

tures, and extremely sensitive to temperature changes

temperature region. The following table of constants

1n this

for gamma-

aminobutyric acid at 25° may also be of interest (ref. 10):

oK ArFe, AHe [rs<, Ncp,
A cath cal/h cal/deg/M cal/deq/M
GABA, pKl 4.031 4400 405 -17.1 -34
GABA, pK2 10.556 14400 12070 - 7.8 5

+
As can be seen, the/\H of formation of GABA (NH;) is

+
different from that in the case of ammonium ion (NH4)

not very

, and

similar thermodynamic relations probably exist. We could not

find any references to the/\H of formation of the carbamates of

amino acids. and therefore cannot carry out the calculation for

GABA. It appears from the above that although the net reaction

is exothermic, the actual formation of the carbamate is endothermic

at low temperatures, and exothermic at high temperatures. The

result is that the/\H of formation and decomposition of a GABA-

CO, complex is such that the equilibrium is responsive to small

2

temperature changes 1in the physiological range. We have shown

experimentally that this is indeed the case (ref. 1l).
carbamino complex is precipitously decomposed between

Pinsent (ref. 8) also determined the kinetics of
(c). He found the velocity constant, k' = -d(COz)/dt

to be 74 M sec™t at 0°, and 1130 ML sec™! at 4o0oc.

HT RESEARCH INSTITUTE
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decomposition :s very rapid as temperature increases. It is also

4.82

of interest to note that CO2 reacts with alpha alanine (k* = 10 )

5.04)

approximately 1.5 times slower than with bets alanine (k' = 10
at 18° (cef. 2). This is not surprising on electrostatic grounds.
A new negatively charged COO™ group is formed by the reaction of
CO2 with the amino group. Electrostatic work must be done against
the repulsion of the negatively charged carbcxyl group already
present. These similarly charged groups are much closer together
in alpha alanine than in beta alanine; therefore, the reaction
would be expected to be slower with the alpha amino acid than

with the beta form. It can be safely presumed on these grounds
that CO2 reacts very rapidly with GABA, since the distance between
the carboxyl and the amino groups is comparatively great. Further-
more, 1t was shown by Stadie and O'Brien (ref. 11) that the
velocity of carbamate formation depends upon the concentration of

free CO2. Thus, in a relatively high CO, environment, the GABA-CO,

2

complex would probably form very rapidly.
It is probably correct to view the GABA in the insect as being

present in more than one form. Part of it may be complexed with

tissue, and there is evidence that in mammalian brain this indeed

may be the case (ref. 12). It is also possible that the free

GABA pool in the nervous structures of the mosquito waxes and

wanes depending upon the nutritional state of the insect. 1In

a condition of starvation, the free amino acid pool of the insect

is depleted, and the GABA in the nervous structures would also

probably be depleted. 1In such a condition, the insect would be

much more sensitive to the presence of CO and therefore to

2’
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the presence of a host. Less inhibitor is present initially,

and therefore, less would have to be complexed with co, to bring
the insect to the activation threshold. The starved insect is
thus more "avid" in terms of host-seeking behavior. Conversely,
in a good nutritional state (i.e., after a blood meal), the GABA
content in the nervous structures of the insect would be high.

Since more GABA would have to react with CO the insect would

2’
be more difficult to activate. This corresponds to what is known
to be true of mosquito behavior in terms of responsiveness to
CO2 before and after a blood meal. Host-seeking behavior is also
not usually immediately evident upon emergence from the pupa.
This may also reflect the nutritional state of the insect, and
therefore, of the free GABA pool.

Further considerations of the GABA hypothesis in the light
of certain investigations by other workers have led us to believe
that a modification of the hypothesis as originally stated may be
in order.

It has been shown by various investigators (ref. 13-15) that
neuromuscular preparations of crayfish respond to applications of
glutamate with large depolarizations caused by activation of the
excitatory synaptic membrane. Glutamate was also shown to have
excitatory effects in neuromuscular preparations of insects.
Kerkut et al (ref. 16) have shown that a profused cockroach leg
preparation jave increased contraction after the addition of
acetylcholine, L-glutamic acid, D-glutamic acid, and L-aspartic

acr1d. It w~as further shown that GABA caused a marked inhibition
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of the contraction. the i1nhibitory effect being qu:ckly reverible
with washing GABA had little i1nhibitory effect on contractions
induced by acetylcholine., but could easily inhibit contractions
caused by ¢glutamic acid.

In a later paper by Kerkut and walker (ref. 17), the effect
of L-glutamate, acetylcholine, and GABA on the miniature end-plate
potentials (mepps) and contractures of the coxal muscles of the
cockroach were studied It was found that glutamate 1ncreased
the amplitude and frequency of both mepps and contractures, and
that GABA decreased these amplitudes and frequenc:es. The thres-
hold concentration of L.glutamate for the i1ncrease was exactly
equal to the threshold concentration of GABA for the decrease
(10 6g/ml) Thus. on a mole for mole basis, the mutually antago-
nistic effects of GABA ind glutamic acid were nearly equivalent
(the ratio 1s approximately 1 4 moles GARA to 1.0 moles of
glutamate) In this preparation, acetylcholine had no effect on
the mepps and contractures. Since glutamate was previously shown
to be released during stimulation of the cockroach nerve 1in
quantities related to the degree of stimulation (ref, 18) these
authors sujgested the possibility that glutamate is the excitatory
transmitter 1n certain synaptic junctions of the cockroach.

The fact that GABA inhibited the mepps caused by glutamate
and that acetylcholine had no effect on mepps in the coxal muscle
in the cockroach preparation may indicate that a specific
neuroinhibitory- neuroexcitatory system involving glutamate and

GABA exists 1n certain 1nsect synapses. In terms of our GABA
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than N-acetyl GABA, and it is quite possible that the GABA-CO

hypothesis. if one examines the structure of a GABA-002 complex
with the use of molecular models, it can be observed that the
molecular conformation of the complex is not very different from
that of glutamic acid, When we used N-acetyl GABA as an analogue
of a GABA-C02 complex in the crayfish intestine preparation
(ref. 19f, we found that not only was there no inhibition, but
the intestine was actually stimulated to contract. At first we
could not understand these results, but now the situation appears
more clear. The structure of N-acetyl GABA is also not very
different from the structure of glutamic acid, and it is possi-
ble that the N-acetyl GABA mimics the effects of glutamate. A
GABA.--CO2 complex is obviously a closer analogue of glutamate
2
complex is not only non-inhibitory, but actually stimulatory.
Thus, the combining of 002 with GABA may not only remove a
molecule of inhibitor, but add a molecule of stimulatcr. We
have recently tested the effects of glutamate on our crayfish
intestine preparation, and our preliminary experiments were in
agreement with the results obtained by others (ref. 20). We
found that glutamate does indeed stimulate contractions of the
intestine of the crayfish.

This new view appears to lend even further support to the

GABA-C02 hypothesis.,
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III. STATISTICAL ANALYSES OF REPELLENCY DATA AND MODIFICATION
OF THE COMPUTER PROGRAM

The following is a summary of our approaches and objectives
in the statistical analysis of repellency data.

The repellency of each compound is characterized by the
percent of mosquitoes engorged out of approximately 50 that are
exposed, and the percent displacement in the electronic recording
during a 30 min test period (i.e., biting activity) compared to
parallel control tests.

Each compound at each dose level tested yields a mean
repellency index which is the sum of percent engorged and percent
displacement, and the significance of differences of this index
from the control values is tested taking into account day-~to-day
variation. A compound can then be judged by the maximum level
of significance at which it tests significantly different from
the control tests. A compound which has received more testing
will be more likely to test significantly different from the
control. This would also happen if the number of control tests
is not the same for the days on which the compounds are tested.
Day to day variation, which proved significant in every analysis
of variance performed on control groups, is taken into account
in such a way that days with lower average control values would
be less likely to test significantly different if the test values
are the same. In most cases, reduced biting for controls could
be expected to be correlated with reduced biting for the test
compounds. Such a response however, is impossible for test

results which are zero or near zero. We know of no suitable
IIT RESEARCH INSTITUTE
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transformation t» avoid this problem. The result is that the
level of significance is of value primarily for testing the

absolute difference from the control tests. Comparative ranking

of test compounds can be made by testing these absolute differences

at different concentrations of the compound, or by uniformiy
multiplying all control values by a desired fraction. The latter
operation also provides proof of repellency by at least some
percent below the control activity. The test of significance
has therefore been adapted to test for significant deviation
below any desired fraction of the control values. Thus we can
state that our test compound has proved to be significantly
repellent at 10% (or 50%) below the control values with some
level of confidence. This operation was first introduced in the
Last report (ref, 19), and are also performed here (Appendix A).
We have recently reviewed the confidence levels which are
stated for tests of significance of each compound. Since we
were essentially interested in only the reduction of biting
activity in testing our compounds, we had previously used a one-
tailed test of significance (t-test). Houwever, in view of the
possibility of a slight skewing of the distribution of the
repellency i1ndex, we have decided to take the slightly more
conservative approach of using a 2-tailed test of significance.
This change does not effect the program, but only the significance
levels which are an input to the program. This will cause the
significance levels in all cases to be shifted downward by one

step Thus 1f i1n a previous test a compound was significantly

IIT RESEARCH INSTITUTE

11




L e 4 L ] e ——

repellent at the $7.5% confidence level, it will now be signifi-
cant at the 95% counfidence level. Whereas we previously chose
the 97.5% level as our accepted significance level, we will now
accept the 95% confidence level as significant. All tests re-
ported in this quarterly report will reflect this change.

Two major modifications have also been made in the computer
program. In the first modification, the means for the controls
for each day are computed automatically when the control data are
input before the tests data, thus eliminating the need to se-
parately calculate and input these means at the beginning of the
program. The second modification eliminates the need for a se-
parate analysis of variance (ANOVA) for each new group of tests.
The variance for each new set of controls is now calculated, and
an Analysis of Variance table is printed by the computer. The
ANOVA appears immediately after the controls, with an F-test for
significance of the day effect (The F-value in this data shows
that the day effect is significant). The computations for the
sum of squares (SS), degrees of freedom (DF), and mean square (MS)
are also printed. The error mean square (error MS) is the control
group variance which is actually used in the subseqﬁent tests of
significance. This value is 745.569 in the present analysis.

During this report period we performed another Discriminant
Function Analysis to retest the validity of our repellency index.
We previously found using this type of analysis (ref. 21) that
the sum of the percent of total number of exposed mosquicoes which

engorged plus the percent of total time displacement from the base

HT RESEARCH INSTITUTE
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line i1n the electronic recording method was sufficient to ade-
quately separate controls from the low level treatment (borderline)
cases., The results of our recent re-analysis using new data
showed that this method of distinguishing control from test groups
1s st1ll valid, and there was not shown to be a statistical basis
for changing our approach. The efficiency of the repellency
index will continue to be reevaluated from time to time.

During this report period we also tested an innovation of
our repellency testing method. We "conditioned" our mosquitoes
by placing the wire mesh on the top of the container 24 hr before
the group of mosquitoes were actually used for the test. Pre-
viously, the mesh was placed on top of the mosquito container
immediately befcre the actual test. This new procedure resulted
1n a smaller variance then previously, but the repellency index
of the controls was reduced (1.e. we obtained a more uniform
response, but the overall response level was lower).- These data
will be subjected to statistical analysis to determine whether
or not the condltlpnlng procedure results in a more stable test.
All the tests reported in this quarterly report have been performed
with the conditioning method. It should be again noted that 1f
this procedure has resulted in reduced biting for the controls,
1t 1s also probably correlated with reduced biting for the test
compounds . Therefore, the tests reported here maintain their overall
validity

It may be profitable at this time to briefly review our under-

lying objectives 1n using these methods., Our predominant interest

1T RESEARCH INSTITUTE
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1s to detect small changes which result in significant differences
from control values at a high level of confidence. While most
other test methods are oriented toward yielding an assured level
of protection, that is, toward observing the point at which a
predetermined desired level of reduced biting is obtained, our
method 1s oriented toward the screening of possible candidate
repellents with maximum sensitivity for testing statistically
significant differences from controls. Thus, a certain amount of
biting and engorging is permitted before the test compound is
rejected. It therefore becomes extremely unlikely to miss possi-
ble good repellents due to individual mosquito variation or other
uncontrolled or uncontrollable circumstances.

We have also continued with the development of the new
electronic "bitometer" described in the last report (ref. 19).
The circuitry has been greatly modified so that the instrument
1s more efficent, and more "fool proof." For instance, if the
paw of the mouse should accidentally touch the screen during the
test, or the mouse should urinate, essentially causing a short
circuit in either case, the instrument automatically shuts itself
off and the test becomes invalid. The final stages of testing of
this instrument are now in progress, and will be reported upon

further in the next quarterly report.

11T RESEARCH INSTITUTE
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IV. ASSAY OF COMPOUNDS FOR REPELLENCY

The control values upon which the tests of repellency of the

following compounds were based are shown in Appendix A. The

abbreviated compound names and the treatments listed on the

computer program (Appendix A) are defined below.

Computer Listing

AO-~ and YO- series

3-NH2-1-PROPANOL

3-DEA-1-PROPANOL

1-DEA-2-PROPANOL

4-DEA-1-BUTANOL

3-DMA-1-PROPANOL

1-DMA-2-PROPANOL

4-DMA-1-BUTANOL

Compound Name, Formula and Treatment

Supplied by Dr. R. P. Qaintana of the Uni-
versity of Tennessee. For details of
structure, see reference 22.

3-Amino-l-propanol
CHZ(OH)CHZCHZ(Nﬂz)

3-Diethylamino-l-propanol

(CZHS)ZNCHZCHZCHZ(OH)

l1-Diethylamino-2-propanol

(C2H5)2NCH2CH(OH)CH3

4-Diethylamino-l-butanol
(C2H5)2NCH2CHZCH2CH20H
3-Dimethylamino-l-propanol

(CH N(CH2)3OH

32
l-Dimethylamino-2-propanol

(CH NCHZCH(OH)CH3

32
4-Dimethylamino-l-butanol
(CH

3) N (CH,) 4OH

1INT RESEARCH INSTITUTE
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Computer Listing

1133TETRAMETHUREA

DEA ACETONE

GABA-ETHYL-ESTER

22AMETHOXYETHANOL

3-BUTENE-2-OL

4 AMEUTALDDEAHWNB

2AM-BENZALDEHYDE

*
NNDIETMETCLBENZAM

4DEAETHOXY BENZAD

NNDIPENYLFORMIDE

Compound Name, Formula and Treatment

1,1,3,3-tetramethylurea

(CH3)2NCO'N(CH3)2

Diethylamino acetone

(Czﬂs)zNCHchCH3

Gamma-aminobutyrate ethyl ester

CH,CH,COOC ,H

(NH, ) CH,CH,CH,COOC Hg

2- (2~Aminoethoxy) -ethanol
H,NCH

2 2
3-Butene-2-0l1

CHZOCH2CH20H

2
4-Aminobutyraldehyde diethyl acetal

CHBCH(OH)CH:CH

Hydrolyzed in water with hydrochloric acid,
neutralized with base
2-Aminobenzaldehyde
o-HzN(C6H4)CHO
N,N-Diethylmetachlorobenzamide

m- (C NCO(C6H4)C1

2Ms)
4-[5-(Diethylamino)-ethoxf]-benZaldehyde

5) 2NCH 2CH?_oc: 611 4CHO

(CZH
N,N-Diphenylformamide

HCON(C6H5)2

*
Submitted for testing by Johnson's Wax Corporation, Racine,

Wisconsin,

HT RESEARCH INSTITUTE
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For all the following assays, the 95% confidence level was
accepted as significant.

In the series of compounds assayed for the University of
Tennessee, significant repellency was noted for compound A03€
at a level of 5.0 mg/sq. in. A035 was repellent at 10.0 mg/sq in.,
but lost repellency at 5.0 mg/sq. in. A033 was repellent at
30 mg/sq in., but was not significantly repellent at 10 mg/sq in.
A032 was significantly repellent at 25 mg/sq in., but not at
10 mg/sq in. Compound A029 was significantly repellent at all
levels tested thus far (down to 30 mg/sq in.) and has to be
tested further to observe at which point it is no longer repellent.
A028 was significantly repellent at 50 mg/sq in., but did not
reach the 95% confidence limit at 30 mg/sq in. A0l6 was signi-
ficantly repellent at all levels tested (50 and 30 mg/sq in.).

AOl4 was significantly repellent at 50 and 30 mg/sq in., but

only reached the 90% confidence limit at 10 mg/sq in. AO1l3 was
significantly repellent at all levels tested, down to 5 mg/sq in.
Y006 was also significantly repellent at all levels tested, down

to 0.1 mg/sq in., but YOO7 and Y008 both lost significant repellency
at 0.1 mg/sq in.

Fhose compounds for which we have not seen a loss of rensellency
for the dilutions have o be tested further with greater dilutions
until a definite break point is observed. Those compounds for
which repellency is at the 90% level of confidence at the greatest
dilution tested will also be further tested to confirm that this

dilution is the actual point of repellency loss.

IIT RESEARCH INSTITUTE
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We have observed an occasional reversal of repellency, in
that compounds at a higher concentration were not significantly
repellent at the 95% level, while the same compound at a lower
concentration was significantly repellent. The reason for these
reversals cannot be directly accounted for or easily explained.
The possibility of such occurrences are implicitly stated in any
statistical confidence limit. These occurences may be, though
need not necessarily be ascribed to experimental error. Some
of these reversals in our testing will be subsequently discussed,
and in some cases a more comprehensive evaluation in terms of
repeat tests may be indicated.

Appendix A also shows the results of the repellency testing
of certain selected compounds in order to continue to test the
validity hypothesis previously presented (ref. 9), that analogues
of GABA are repellent to mosquitoes.

3-Amino-l-propanol was significantly repellent at 1.0 mg/sq in.
but not repellent at 0.1 mg/sq in. On the other hand, the
diethyl amino derivative of this compound is repellent at the
0.1 mg/sq in. level. Thus, an electron releasing substituent on
the amino group that makes this group more electron rich enhances
the repellency of the compound. We have not reached the point of
non-repellency at the 0.1 mg/sq in. level with this compound, and
1t has to be tested at greater dilutions.

If the hydroxyl group is right next to the diethylamino
functional group, as in l-diethylamino-2-propanol, repellency is

also retained at the 0.1 mg/sq in. level, but lost with further

11T RESEARCH INSTITUTE

18

e e ey GE G

[ Y a1y [ onemind

—

———y

[ = B )




v—— ey W

Sy Pramely Sen:g [ ]

~—

® g

Semall | Suann

dilutions. If the hydroxyl group is removed 2 carbon atoms from

the diethylamino functional group, as in 4-diethylamino-l-butanol,

repellency is still retained at the 0.1 mg/sq in. level, but misses

being significantly repellent at lower levels of application. Thus

the distance between functional groups in these tests does not
appear to significantly influence repellency.

If methyl groups instead of ethyl groups are the substituents
on the amino group, as in 3-dimethylamino-l-propanol, repellency
is not evident at the 95% level of confidence even at a concen-
tration of 1.0 mg/sq in. of skin. Here, however, we can see one
of the aforementioned reversals. The 3-dimethylamino-l-propanol
unexpectedly shows significant repellency at the 0.01 mg/sq in.
level, although not at an’ other level tested. The 1 in 20
statistical chance that such a thing could happen has possibly
evidenced 1tself here. 1In view of the consistent non-repellency
at the other test levels, there appears to be little value in
reassessing this compound. These results are consistent with the
fact that methyl groups are less electron inducing than ethyl
groups.

In 4-dimethylamino-l-~butanol the functional groups are se-
parated by two carbon atoms. Here significant repellency is
retained even at the .00l mg/sq in. treatment level, and we have
not yet reached the non-repellent dilution. The electron with-
drawing properties of the hydroxyl group mainly effect carbon
atom 2, while carbon atom 3 is free to contribute its electrons

to the dimethylamino group to enhance the electron rich properties

T RESEARCH INSTITUTE
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of that group. Thus a greater charge differential can be main-
tained with the butanol derivative than with the propanol deri-
vative. In this respect it is interesting to note that in amino
acids, the pK, or basicity of the amino group increases as it is
increasingly separated from the carboxyl group. We cannot explain
by this line of reasoning however, why 4-diethylamino-l-butanol
does not show repellency at least equal to that of the dimethyl
derivative,

The compound 1,1,3,3-tetramethyl urea was of interest
because here we had the opportunity of testing a symmetrical
compound containing substituted amino groups on each side of a
carbonyl moiety.

In the tests of this compound, a reversal is again seen.
The 0.1 mg/sq in. treatment is significantly repellent, while the
1.0 mg/sq in. treatment is not significantly repellent, nor is
any other level of treatment. Again, we have no explanation for
these results. In general, however, this compound does not appear
to be outstanding as a repellent. 1In our last report (ref. 19)
we suggested the possibility that if the oxygen containing moiety
is located in the middle of a molecule, or is surrounded by alkyl
groups, the molecules looses its effectiveness as a repellent.
This compound appears to offer further evidence of the validity
of this hypothesis. The electron-withdrawing properties of the
oxygen containing group are neutralized by the inductive properties

of the surrounding electron releasing groups.
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Further support for this hypothesis is obtained by the
results of the assay of diethylaminoacetone. This compound is
not repellent at the 1.0 mg/sq in. level or at the 0.1 mg/sq in.
level. 1In this compound, the carbonyl moiety is bonded on both
sides to electron inducing groups.

In order to test the effects of the presence of two oxygen
atoms in the same molecule with an amino group, we synthesized
gamma aminobutyric acid ethyl ester. The synthetic method is
described in Appendix B. Although the oxygens in this compound
is also surrounded by alkyl moieties, the two oxygens are juxtaposec,
and the total electron withdrawing properties of the two oxygens
in close proximity should be greater than when only one ouxygen is
present between alkyl groups. This compound showed significant
repellency at 10 mg/sg in. and 1 mg/sq in. We could not test
further since we used up all that we had available. Our tests
with this compound will continue when more can be obtained. How-
ever, it is interesting to note that GABA ethyl ester is signifi-
cantly repellent at 1.0 mg/sq in. in contrast to the results with
2.1,3,3-tetramethylurea and diethylaminoacetone.

When we tested the repellency of 2-(2-aminoethyoxy)-ethanol,
a compound which contains an amino group at one end of the molecule
separated by 2 carbons from a mid-chain oxygen, and a hydroxyl
group at the other end of the molecule separated by 2 carkbouns
from the same mid-chain oxygen, we found that the compound was
no more repellent than any of the omega-amino hydroxy compounds

tested here and in the last report (ref. 19). It was significantly
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repellent at 1.0 mg/sq in. but not at 0.1 mg/sq in. Apparently,
an oxygen atom surrounded by alkyl groups is again shown to con-
tribute little to the electronic polarity of the molecule, and
thus has little influence on overall repellency.

In our last report (ref. 18) we tested 3-butene-2-0l and
found this compound to be repellent at a concentration of 0.1 mg/sq in.
We continued testing this compound during this report period, and
found that significant repellency was retained at .0l mg/sq in.
but lost at .00l mg/sq in. Thus a compound in which the electron
rich structure is in the form of a double bond (pi-bond) exerts
as high a level of repellency as a compound in which this structure
is in the form of a free or substituted amine. The electronic
properties rather than the actual substituents in the molecule
therefore appear to be the determining factors in terms of
repellent efficacy.

We retested the solution of 4-aminobutyraldehyde diethylacetal
which had been hydrolyzed with reflux in the presence of hydrochloric
acid and subsequently neutralized with sodium bicarbonate. This
1s the same solution which we had previously used (ref. 19), and
we were interested in assessing the stability of the compound
with time. It continued to show significant repellency even at
concentrations of .00l mg/sq in. We will continue to test it in
further dilutions to observe the point at which significant
repellency 1s lost.

We next studied the effects of the introduction of the benzene

ring on the repellency of amino-carbonyl compounds. 2-Aminobenzaldehyde,
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a light yellow solid, 1s sufficiently stable so that it can be
obtained commercially as the free aldehyde. This compound was
significantly repellent at a concentration of .00l mg/sq in. but
lost significant repellency below this level. Therefore, this
benzenoid aminoaldehyde is considerably repellent although it is
a solid. These results are of great interest when compared to
repellency tests of m-aminodiethylbenzamide (ref. 20). This amino
analogue of DEET, which is also a solid, was shown to have no
repellency even at a concentration of 10 mg/sq in. These results
seem to again indicate that neither the precise chemical consti-
tution of a compound nor the distance between the functional
groups are as important for repellency as the actual electronic
configurations in the molecule. The oxygen containing moiety in
the 2-amino benzaldehyde is at an end position, and has no
electronic input other than that from the ring, and thus retains

its essential electronegativity. On the other hand, the amino

analogue of DEET has an oxygen moiety which receives more electrons

from the ring because of the inductive effects of amino substitu-
tion for the methyl group, as well as from the diethylamide group
on 1ts other side.

We also tested another analogua of DEET, namely, N,N-diethyl-
m-chloro benzamide. 1In this compound a chlorine is substituted
for the methyl group in the meta position. Chlorine and other
halides are known to be deactivating to the benzene ring in terms
of electrophilic aromatic substitution. That is, they withdraw

electrons from the ring. If our reasoning is correct, then the
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essential repellency of the diethylbenzamide group should be
retained. We found N,N-diethyl-m-chlorobenzamide to be signi-
ficantly repellent at all concentrations tested down to .001
mg/sq in. We have not yet reached the concentration limit of
repellency for this compound, and it will be tested at greater
dilutions.

Continuing along these lines, we tested 4-[?-(Diethylamino)-
ethoxy]-benzaldehyde. Here the carbonyl group is free on one side,
and an ethoxy group bonds a diethylamine moiety to the aromatic
ring. It was surprising to observe that this compound was not
significantly repellent at the concentrations tested (1.0 and
0.1 mg/sq in.). It is difficult to interpret these findings
directly in terms of our previous lines of reasoning. However,
the ethoxy group could conceivably modify the electronic charac-
ter of either the diethylamine group or the benzene ring so that
as a whole the molecule is no longer repellent.

Repellency tests of N,N-diphenylformamide showed that this
compound is significantly repellent at 1.0 and 0.1 mg/sq in., and
we have not yet reached the repellency limits in terms of concen-
tratior. in these tests. 1In this molecule, a free aldehyde is
bonded directly to a diphenylamino group. The relationships of
an electron rich moiety (diphenylamine) and an electron poor moiety
(aldehyde) are retained in the molecule, and repellency is evi-
denced.

It will be noted in the tables in Appendix A that a number of

compounds have one, two, or three asterisks. One asterisk denotes
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that the compound is significantly repellent when the control
values are multiplied by 0.9, two asterisks denote that it is
repellent when the control values are multiplied by 0.75, and
tliree asterisks denote repellency when controls are multiplied
by 0.5. In this way, it is possible to judge how much biting
1s actually reduced from control values in compounds which are
shown to be significantly repellent. In these tests, in order
for a compound to achieve the 95% confidence level, there must
be a reduction of biting by at least 50% of that of controls.
If the control values are then further reduced by the above
fractions, we can judge by how much less thatn 50% of the

controls the tests compounds have reduced biting.

V. SUMMARY

Support has been obtained for the GABA~COZ hypothesis from
a theoretical consideration in physiochemical terms of the
formation and destruction of carbamino compounds.

A modification of the GABA hypothesis has been proposed on
the basis of the effects of glutamate in certain crustacean and
insect nerve-muscle preparations.

We have found thus far in our repellent testing program

that as a general class, amino-aldehydes are highly repellent to

mosquitoes. Straight-chain amino alcohols are also repellent, but
not as much as amino aldehydes. We have found that 2-aminobenzaldehyde,

an aromatic compound, is also highly repellent to mosquitoes. Its

B -~
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repellency is about the same order of magnitude as the straight-
chain amino aldehydes. It is chemically more stable than the
straight-chain amino aldehydes. We have not yet tested other
types of benzenoid aldehyde-amines, but will do so in future
work.

We have found that the amino group in a straight-chain compound
may be located either in the middle portion of the molecule, or
at the end, but that the oxygen-containing moiety is most effective
only if located at the end of the molecule. Therefore, amino-
acetones are not as effective as amino aldehydes or amino hydroxyls
when the OH grcup is at the end of the carbon chain. In general,
alkyl substituent groups on the amine moiety enhance repellency,
while such groups on the oxygen-containing moiety decrease
repellency. We have attempted to relate the repellency of these
compounds to their electronic configurations rather than to specific
functional groups, and in turn relate these electronic configura-
tions to that of the GABA molecule. In most cases these correla-
tions could successfully be shown, and it is proposed that neuro-
inhibition is the fundamental basis for the repellency of these

compounds.

VI. FUTURE WORK

We will complete the development of the new "bitometer" which
we have described. We are building 3 of these new instruments.
When they are available, our capability and efficiency in testing

compounds for topical as well as systemic repellent potency will be
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enhanced. We will continue along the general lines of our past
research. We will continue our investigations of the GABA hypothesis
to determine its validity and it consequences in terms of developing

an orally effective insect repellent.

VII. PERSONNEL AND RECORDS

The author is grateful to Mr. Clarence Boyle for technical
assistance in this work, and to Mr. Merl L. Kardatzke for the
development of the statistical methods used in analyzing our
results. Mr. Karl Roseman performed the synthesis of the gamma-
aminobutyrate ethyl ester.

All data are recorded in Logbooks C17189, C17259, C17495,
and C17599. The computer output sheets and electronic chart
recordings also form part of our permanent records.
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