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SAVE NOW! PRICES GO UP JAN. 1, 1969

Radiation
Preservation
of Foods

ADVANCES IN CHEMISTRY SERIES NO. 65

lonizing energy can contribute much toward helping close the world’s nutrition gap. As a result of a decade and a half of
intensive research, a broad spectrum of highly acceptable, wholesome foods can be preserved by ionizing radiation.

The fifteen papers in this symposium, sponsored by the ACS Divisions of Agricultural & Food Chemistry and of Nuclear
Chemistry & Technology, cover research on fruits, vegetables, beef, fish, and shellfish. They also cover.studies on volatile
compounds induced by radiation, effect of radiation on organoleptic properties, radiation dosimetry, gamma irradiator de-

sign, and radiation sources and facilities. 184 pages with index Cloth (1967) $7.00

Set of L. C. cards free with library orders.

($8.50 after Dec. 31)

Other hooks in the ADVANGES IN CHEMISTRY SERIES in agricultural and food chemistry include:

No. 60 Organic Pesticides in the Environment. Gives a
clear perspective of environmental hazards in soil, water, and
air; surveys effects on mammal enzyme systems, residues in
human body tissues, effects of chronic poisoning by organo-
phosphorus insecticides. 309 pages with index

Cloth (1966) $8.50 ($10.50 after Dec. 31)

No. 57 World Protein Resources. Addressed to problems
of feeding hungry populations. Evaluates world protein re-
sources, largely from green plants but includes fish concen-
trates, bacteria, fungi, and coal. Statistics, processes, amino
acid supplements, chemistry, toxic substances, and pilot
programs are covered. 285 pages with index

Cloth (1966) $7.00 ($10.00 after-Dec. 31)

No. 56 Flavor Chemistry. Theories of taste and odor in
foods; evaluating flavor; chemistry of flavor in fruit, vegeta-
bles, bread, beverages, meat, spices; and nucleotides as
flavor enhancers. 278 pages with index

Cloth (1966) $8.00 ($10.00 after Dec. 31)

No. 53 Natural Pest Control Agents. Survey of agents pro-
duced by plants and animals that control life processes in in-
sects or in other plants, including repellants, attractants, toxi-
cants, and hormones. 146 pages with index

Cloth (1966) $5.75 ($7.00 after Dec. 31)

No. 41 New Approaches to Pest Control and Eradication.
Papers on extinction of species, chemosterilants, insect at-
tractants, antifeeding compounds, and breeding crops for
insect and disease resistance. 74 pages

Paper (1963) $3.75 ($5.00 after Dec. 31)

No. 28 Gibberellins. Surveys and research on structural
chemistry, biochemistry, and agronomy of gibberellins, in-
cluding a chapter on antigibberellins. 167 pages.

Paper (1961) $6.00 ($7.00 after Dec. 31)

No. 25 Physical Functions of Hydrocolloids. Treats six
broad physical functions. .production of viscosity or body,
gelation, stabilization of emulsions, stabilization of suspen-
sions, stabilization of foams, control of crystal growth—with
emphasis on food applications. 103 pages

Paper (1960) $3.75 ($5.00 after Dec. 31)

No. 13 Pesticides in Tropical Agriculture. Use of pesticides
on basic tropical food crops—-sugar cane, cotton, cacao, rub-
ber, coffee, rice, and bananas—in weed control, and on
stored products. 102 pages

Paper (1955) $3.00 ($5.00 after Dec. 31)

No. 12 Use of Sugars and Other Carbohydrates in the Food
Industry. Roles of sugar, starches, starch hydrolyzates, and
pectic substances in confections, carbonated beverages, bak-
ing, canning fruits and vegetables, meat processing, frozen
foods, and infant foods. 142 pages

Paper (1954) $3.50 ($6.00 after Dec. 31)

No. 11 Natural Plant Hydrocolloids. The protective colloids
or stabilizers, including calcium pectinate, agar, gum arabic,
gum karaya, tragacanth, locust bean- gum, alginates, Irish
moss, and red seaweed. 103 pages

Paper (1954) $2.50 ($5.00 after Dec. 31)

No. 7 Agricultural Applications of Petroleum Products. Sol-
vents for DDT, herbicidal uses of oils, agricultural pest con-
trol, mosquito control, thermal oil fogs, weed control in forest
nurseries. 104 pages

Paper (1952) $2.50 ($4.50 after Dec. 31)

Postpaid in U.S. and Canada. Plus 20 cents per book in PUAS and foreign.

Order from: SPECIAL ISSUES SALES
AMERICAN CHEMICAL SOCIETY
1155 SIXTEENTH ST., N.W.
WASHINGTON, D.C. 20036
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The Parabolic Dependence of Drug Action upon Lipophilic Character
as Revealed by a Study of Hypnotics

Corwin Hanscn,' A. RurH STEWARD, Susan M. ANDERSON,? AND DONALD BENTLEY
Department of Chemistry and Department of Mathematics, Pomona College, Claremont, California

Received J dly 14, 1967

Iividence is presented that the hypnotic activity of groups of barbiturates depend almost entirely on their
relative lipophilic character as defined by their octanol-water partition coefficients. Ideal lipophilic character
is defined for each set by the constant log Po. This constant for the barbiturates is about 2. It is shown that
many other sets of hypnotics structurally unrelated to the barbiturates also have log Py values near 2. It is also
shown that the rate of metabolism of barbiturates is linearly related to their partition coefficients. Certain
guidelines are suggested for the design of new CNS depressants.

It has long been known that the relative activity of
drugs in a series of congeners is highly dependent on
their lipophilic character. It has also been appreciated
tacitly that linear relations between relative activity
and lipophilic character do not hold indefinitely as the
latter continues to increase. However, with the ex-
ception of the efforts by Ierguson?® to rationalize this
fall of activity which inevitably occurs when deriva-
tives of a parent drug are made sufficiently lipophilie,
most workers have ignored the problem or assumed that
it was too unruly to deal with in precise terms. Our
working hypothesis has assumed*~¢ that such fall-off
in activity was the result of the decrease in mobility of
drug movement through biological material when one
departed in either direction from ideal lipophilic char-
acter. That is, assuming all other factors except
lipophilic character to be constant for a given set of
congeners producing a specific biological reaction,
there should exist for the set an ideal balance between
hydrophobic and hydrophilic interactions of the drug
so that those members possessing this ideal balance
would find the sites of action through a random-walk
process in the minimum time. Or, to put it another
way, the concentrations of these drugs reaching the
reaction sites in the test interval, A¢, would be maximum
for the set. We have chosen l-octanol and water to
represent the two extremes of the biophase. The par-
tition coefficient, P, is a measure of the preference of
drugs for hydrophilic or lipophilic phase. Equation
1 formulates our model. In eq 1, C is the molar con-

1
log o= —k(log P)? + k' log P + k'’ (1)

(1) John Simon Guggenheim Fellow.

(2) Smith Kline and French Research Associate.

(3) J. Ferguson, Proc. Roy. Soc. (London), B127, 387 (1939).

(4) C. Hansch, R. M, Muir, T. Fujita, P. P, Maloney, F. Geiger, and
M. Streich, J. Am. Chem. Soc., 86, 2817 (1963).

(5) C. Hanseh and T. Tujita, ibid., 86, 1616 (1964).

(6) C. Hansch, A. R. Steward, J. Iwa,sa, and IB. W, Deutsch, Mol. Pharma-
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centration of applied drug producing a standard bio-
logical response and k, k’, and &’/ ave constants obtained
via the method of least squares. Setting the deriva-
tive d log (1/C)/d log P equal to zero and solving the
resulting equation for log P yields what we have termed
log Py, the ideal lipophilie character for the set of con-
geners under the specific test conditions. We have
postulated®=® that this should be a particularly useful
constant in drug research. Tor example, once log Py
or m is found for a group of congeners, one has a
meaningful point from which to start the design of a
completely new set of congeners to cause the same
response. The purpose of this paper is to examine a
variety of different hypnotics by fitting the experi-
mental results to eq 1 and to compare the log Py values
for the different sets. Hypnotics were chosen because
of the large amount of experimental data in the litera-
ture. Even so, we were surprised by the paucity of
examples in which sufficient spread in activity was in-
vestigated and quantitatively reported, so that log Py
could be calculated with any degree of certainty.

Method

In a preliminary report on barbiturates,” we cor-
related substituent effects for a single series using =
values for substituents and log P for barbituric acid
as our base of reference. In a subsequent study® we
used

" (7) C. Hansch, A. R. Steward, and J. Iwasa, ibid., 1, 87 (1965).
(8) C. Hansch, Proceedings of the International Congress on Pharma-
cology, Sao Paulo, Brazil, 1966.
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HanscH, STEwARD, ANDERSON,

TasLe I

AND BENTLEY

OBservED AND CALcULATED CONCENTRATIONS OF BARBITURATES CaAUsING HYPNOSIS

R
Methyl
Ethyl
Propyl
Allyl
Butyl
Methyl
Ethyl
Propyl
Allyl
Butyl
Isobutyl
Amyl
Isoamyl

Ethyl
Propyl
Propyl
Butyl
Ethyl
Eithyl
Iithyl
Ethyl
Propyl
Ethyl
Ethyl

Ethyl
Ethyl
Methyl
Propyl
Propyl
Allyl
Allyl
Butyl
Butyl

Ethyl

Propyl
Isopropyl
Butyl

Isobutyl
sec-Butyl
Amyl
sec-Amyl
2-Methylbutyl
3-Methylbutyl
1-Ethylpropyl
Hexyl
2-Ethylbutyl
Cyclopentyl
Allyl
2-Methylallyl
Phenyl

Allyl
Ethyl
Propyl
Isopropyl
Butyl
Isobutyl
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1-Methyl-1-propenyl
1-Methyl-1-propenyl
1~Methyl-1-propenyl
1-Methyl-1-propenyl
1-Methyl-1-propenyl

1-Methylvinyl
1-Methylvinyl
1-Methylvinyl
1-Methylvinyl
1-Methylvinyl
1-Methylvinyl
1-Methylvinyl
1-Methylvinyl

Ethyl
Propyl
Isopropyl
Butyl
Isopropyl
Isobutyl
Butyl
Isoamyl
Isoamyl
Phenyl
sec-Butyl

1-Methylbutyl
1-Ethylbutyl

1-Methylbutyl
1-Methylbutyl
1-Ethylpropyl
1-Methylbutyl
1-Ethylpropyl
1-Methylbutyl
1-Ethylpropyl

2-Methylallyl
2-Methylallyl
2-Methylallyl
2-Methylallyl
2-Methylallyl
2-Methylallyl
2-Methylallyl
2-Methylallyl
2-Methylallyl
2-Methylallyl
2-Methylallyl
2-Methylallyl
2-Methylallyl
2-Methylallyl
2-Methylallyl
2-Methylallyl
2-Methylallyl

Allyl
Altyl
Allyl -
Allyl
Allyl
Allyl

————Log (1/C)————

Log P Obsd® Caled?
0.65 2.64 2.767
1.15 3.15 3.163
1.65 3.29 3.340
1.35 3.39 3.260
2.15 3.3 3.298
0.15 2.12 2.153
0.65 2.91 2.767
1.15 3.04 3.163
0.85 3.06 2.952
1.65 3.33 3.340
1.45 3.27 3.296
2.15 3.32 3.298
1.95 3.26 3.341
. Obsd® Caled?
0.65" 3.09 3.012
1.65 3.55 3.656
1.45 3.63 3.628
2.65 2.84 3.040
0.95 3.30 3.338
1.45 3.63 3.628
1.65 3.72 3.656
1.95 3.75 3.604
2.45 3.48 3.264
1.42r 3.46 3.620
1.45 3.63 3.628
Obsd® Caled”

1.95 4.05 3.976
1.95 3.95 3.976
1.45 3.63 3.686
2.45 3.90 4.001
2.45 3.78 4.001
2.15 4.20 4.018
2.15 4.08 4.018
2.95 3.86 3.763
2.95 3.75 3.763
Obsd? Caled®

1.15 3.23 3.252
1.65 3.27 3.369
1.45 3.35 3.333
2.15 3.38 3.401
1.95 3.36 3.399
1.95 3.42 3.399
2.65 3.26 3.346
2.45 3.62 3.379
2.45 3.34 3.379
2.45 3.36 3.379
2.45 3.50 3.379
3.15 3.18 3.205
2.95 3.25 3.272
2.29 3.40 3.394
1.35 3.44 3.309
1.65 3.37 3.369
1.92 3.24 3.397
Obsd? Caled?

1.05 3.54 3.392
0.85 3.28 3.238
1.35 3.47 3.540
1.15 3.60 3.452
1.85 3.47 3.570
1.65 2 A2 2 K01

Vol.

11

|a Log (1/0)]

)
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TasLe I (Continued)

Log (1/0)
No. R R’ Log P Obsd1 Caled? |A Log (I/C)]
58 Isoamyl Allyl 2.15 3.45 3.457 0.01
59 Ethyl LEthyl 0.65” 2.91 3.041 0.13
60 Butyl Ethyl 1.65 3.53 3.591 0.06
61 Isopropyl Ethyl 0.95 3.34 3.320 0.02
62 Isoamyl ' Ethyl 1.95 3.589 3.543 0.05
63 Butyl Isopropyl 1.95 3.49 3.543 0.05
64 Butyl Bubyl 2.65 3.08 3.051 0.03 -
65 Phenyl Tithyl 1.42° 3.32 3.561 0.24
Obsd? Caled? :‘
66 Propyl 1-Propenyl 1.35 3.12 3.191 0.07
67 Isopropyl 1-Propenyl 1.15 3.28 2.976 0.30
68 Butyl 1-Propenyl 1.85 3.31 3.485 0.18
69 Ethyl 1-Butenyl 1.35 3.37 3.191 0.18
70 Propyl 1-Butenyl 1.85 3.31 3.485 0.18 .
71 Isopropyl 1-Butenyl 1.65 3.57 3.409 0.16 %
72 Butyl 1-Butenyl 2.35 3.56 3.435 0.12 ]
3 Ethyl 2-Methyl-1- Inopeml 1.15 2.56 2.976 0.42 {
74 Ithyl 1-Pentenyl 1.85 3.4 3.485 0.04 i
75 Isopropyl 1-Pentenyl 2.15 3. 3.497 0.00
76 [ithyl ] 3~-Methyl-1-butenyl 1.65 3 3.400 0.10
77 Propyl 3-Methyl-1-butenyl 2.15 3.3 3.497 0.18
78 Isopropyl 3-Methyl-1-hutenyl 1.95 3.68 3.503 0.18
R O
NH
»=0
NH
O
————Log (1/C)———~
No. R Ring Log P Obsd™ Caled™ IA Log (1/C)|
79 Methyl Unsatd® 0.75 2.69 2.690 0.00
80 Lithyl Unsatde 1.25 2.96 3.090 0.13
81 Propyl Unsatde 1.75 3.27 3.372 0.10
82 Isopropyl Unsatd® 1.55 3.28 3.273 0.01
83 3,4,5-Trimethyl Unsatde 1.55 3.13 3.273 0.14
84 Methyl Satd 1.05 3.06 2.944 0.12 i
85 Ethyl Satd 1.55 3.33 3.273 0.06 i
86 Propyl Satd 2.05 3.65 3.485 0.16 |
87 Isopropyl Satd 1.85 3.55 3.414 0.14
88 Tsobutyl Satd 2.3H 3.45 3.55) .11
4
K 0]
R'CH=( NH
0
R NH
0
————TLog (1/C)y=———
No. R R’ R Log I’ Obsd? Caled? |A Log (I/C\I
80 Methyl Tthyl Methyl 1.15 3.21 3.125 (.09
90 Tithyl Iithyl Methyl 1.65 3.65 3.439 0.21
91 Propyl Ethyl Methyl 2.15 3.56 3.632 0.07
92 Isopropyl Ethyl Methyl 1.95 3.98 3.569 0.41
93 Methyl Methyl Ethyl 1.15 3.06 3.125 0.07
94 Ithyl Methyl [Ethyl 1.65 3.40 3.43) 0.04
95 Propyl Methyl Ethyl 2.15 3.42 3.632 0.21
96 Isopropyl Methyl Ethyl 1.95 3.72 3.569 0.15
97 Methyl Propyl Methyl 1.65 3.27 3.439 0.17
98 Ethyl Propyl Methyl 2.15 3.64 3.632 0.01
99 Methyl Isopropyl Methyl 1.45 3.20 3.328 0.13
100 Methyl - Butyl Methyl 2.15 3.38 3.632 0.25
101 Ethyl Butyl Methyl 2.65 3.75 3.706 0.04
102 Ethyl Ethyl Propyl 2.65 3.75 3.706 0.04

* From ref 14.  * Calculated using eq 2. ¢ Fromref 15. ¢ Calculated usingeq 3. ¢ From ref 16. 7 Calculated using eq 4. ¢ From
ref 17. * Calculated using eq 5. “From vef 18. 7 Calculated using eq 6. * From ref 19. ¢ Caleulated using eq 7. ™ From ref 20.
» Caleulated usmg eq 8. ¢ Unsatd indicates that the spirane ring contains a double bond in the position indicated by the dotted line.
Satd means the ring was saturated. » From vef 21. ¢ Calculated using eq 9. 7 These values for log P were experimentally determined:
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