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The Fibonacci search technique, first applied to a structure-activity study by Bustard, has been expanded to allow 
the analysis of a broad class of structural types of compounds. The compounds are first arranged in order of increas
ing value of a molecular property of the analogs such as log P, Sir, 2<r, or Rm. A successful Fibonacci search of the 
compounds will find the most active analog in a small, predetermined number of steps. Examples are given where in
sight as to mechanism of action is indicated by the combination of various parameters such as log P and pKa. Addi
tional examples illustrate the use of Fibonacci search to establish the parabolic dependence of the biological activity 
of lipophilicity and <r, where such dependency had not been observed initially. This technique allows the treatment of 
a variety of structurally diverse types of compounds simultaneously. It is to be stressed that Fibonacci search can be 
applied to structure-activity studies without the use of a computer. 

Fibonacci search is a non-computer technique which can 
be used to locate the most biologically active compound in 
a series of analogs between set limits in a predetermined 
number of steps. The method was first applied by Bus
tard,1 who considered a series of alkylammonium com
pounds 1 previously reported by Hansch and Clayton.2 In 
this model the step size was a single methylene unit from 
C7 through C20. 

CH3 

< ( Q ) — C H 2 — N q ^ R 

CJL 

The method described in this paper arranges the com
pounds in order of increasing value of some molecular 
property such as log P , Sir, Ea, and Rm; the step size is sim
ply moving from one compound to the next in order of in
creasing magnitude of the molecular property being consid
ered. It is to be noted that these steps involve varying mag
nitudes of the molecular property in contrast to Bustard's 
constant increase of one methylene unit; moreover, our ap
proach can be applied to structurally diverse compounds as 
well as alkylated side chains. In order to illustrate the Fibo
nacci search method used in this paper, consider the data 
of Woodside et al.3 on 2 in Table I. 

The compounds are first rearranged in order of increas
ing values of the molecular property being considered; in 
this example the compounds have been rearranged in order 
of increasing values of log P . Use is made of Table II, col
umn 1, in order to choose an appropriate number of com
pounds. In this example the data supply eight derivatives; 
however, nine compounds are needed in order to have 
seven internal points (Table II, column 1). Consequently, a 

fictitious point is added at the end of the series. Wilde4 

states that the expedient of adding fictitious points in 
order to be able to perform a Fibonacci search is safe, sim
ple, and quite effective. Note that the first point number is 
always designated as 0. The remaining compounds are 
numbered consecutively through 8 as shown in Table I, col
umn 1. 

The first two analogs chosen for synthesis are selected by 
referring to Table II, columns 1 and 2. Since there are 
seven internal points in this example, one would choose for 
synthesis the analogs corresponding to point numbers 3 
and 5. The biological activity of these analogs is deter
mined. Assuming that one of these analogs is greater in ac
tivity than the other, a new set of limits is established. The 
number of internal points within the limits is predeter
mined by Table II, column 1. The activity (3.76) of the ana
log corresponding to point number 5 is greater than the ac
tivity (3.49) of the analog corresponding to point number 3. 
Consequently, the new set of limits for the maximum is be
tween points 8 and 3. The interned number of points be
tween these limits is 4, which corresponds to the interval 
predetermined by Table II, column 1. The limit is ex
pressed mathematically: 3 < max < 8. 

Use is made of Table II, columns 1 and 2, in order to se
lect a pair of points down the Fibonacci sequence (1, 2, 3, 5, 
8, 13, . . . ) from the number of internal points between the 
set of limits just determined. These numbers are added to 
the lower limit point number in order to generate two new 
point number analogs for synthesis. Note that this process 
always generates a point number previously considered. In 
this example, the number of internal points between the 
limits, 3 < max < 8, is 4. Table II, columns 1 and 2, pro
vides the next number pair down the Fibonacci sequence, 2 
and 3. These numbers are added to the lower limit point 
number 3 to provide the next two point number analogs: 3 
+ 2 = 5 and 3 + 3 = 6. Thus, the two new analogs to be 
considered are those corresponding to point numbers 5 and 
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Table I. Data from Woodside3 et al. on Either 
Bacteriostatic or Fungistatic Minimum Inhibitory 
Concentration of 2 Arranged in Order of 
Increasing Log P Values 

Table III . Fibonacci Search for the Data in Table I 

Point 
no. 

0 

•OCC=CH, 

CH, 

L o g P 

-
Point no. 

3 
5 
6 

PC 

3.49 
3.76 
3.97 

Point 

5 
6 
7 

no. pC 

3.76 
3.97 
3.64 

Lim its 

3 '- max s 8 
5 •£ max '5 8 
5 '"- max '-" 7 

pC 

Table IV. Data of Berger et al.5 on Minimum Fungistatic 
Concentration of 3, Reported by Hansch and Lien,6 

Arranged in Order of Increasing Value of Log P 

0 
1 
2 
3 
4 
5 
6 
7 
8 

H 1.99 
4-Cl 2.69 
2-C1 2.75 
2 ,4-Cl 3.45 
2 ,4 ,5-Cl 3 4.21 
2 ,4 ,6 -Cl j 4.21 
2 ,4 ,5 ,6-Cl 4 4.97 
Br 5 6.74 

Table II. Numer ica l Rela t ionships wi th in the 
Fibonacci Search 

No. of 
i n t e rna l points 

2 
4 
7 

12 
20 
33 
54 

6. Note that the 

Poin t s c o r r e s p o n d i n g 
to the ana logs 

to be m a d e f i r s t 

1 and 2 
2 and 3 
3 and 5 
5 and 8 
8 and 13 

13 and 21 
21 and 34 

analog corresponding to pc 

2.89 
3.25 
3.08 
3.49 
3.84 
3.76 
3.97 
3.64 

Tota l no. 
of ana logs 
r e q u i r e d to 
locate max 

2 
3 
4 
5 
6 
7 
8 

lint number 5 

Point 
no. 

0 
1 
2 
3 
4 
5 
6 
n 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

X 

OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
H 
H 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
H 
H 
OH 

R' 

Y 

OH 
OH 
OH 
OH 
H 
OH 
H 
H 
OH 
OH 
OH 
OH 
H 
H 
H 
OH 
H 
H 
H 
Oil 
OH 
H 

•))—OCH,CH—-

i 
X 

3 

R 

2-Me 
4-Cl 
2 ,6-Cl ? 

2.4-Cl 2 

2-CI 
4 -Cl , 2 -Me 
2-Me 
4-Cl 
2-Me 
4-Cl 
2 , 6 - C l 2 , 4 - M e 
4 -Cl . 3 ,5 -Me , 
2 ,6-Cl j 
4-CI , 3-Me 
2 ,4 -Cl , 
4 - C l , 2 , 6 - M e 2 

4-Cl , 2 -Me 
2 ,6 -C l 2 . 4~Me 
4 -Cl . 3 ,5 -Me, 
2,6 -CI, . 4 -Me 
4-Cl , 3",5-Ms, 
4-Cl . 2 ,6-Me 2 

CR 

Y 

Log P 

1.38 
1.40 
1.88 
1.99 
2.05 
2.08 
2.14 
2.16 
2.34 
2.36 
2.40 
2.42 
2.64 
2.67 
2.75 
2.76 
2.84 
3.16 
3.18 
3.36 
3.38 
3.52 

Log 1/C 

2.26 
2.31 
2.37 
2.61 
2.84 
2.33 
2.46 
2.81 
2.79 
3.07 
3.10 
3.24 
3.04 
3.30 
3.35 
2.76 
3.30 
3.47 
3.68 
3.67 
3.93 
3.51 

has been considered in the previous pair of analogs. 
The latter process is repeated until the Fibonacci search 

is completed in the predetermined number of steps, Table 
II, column 3, as reported in Table III. Thus, the Fibonacci 
search for the data in Table I has determined correctly that 
the most active analog corresponds to point number 6. 

We have found also that the addition of the electronic 
parameter, a, or the acidic dissociation constant, pKa, to 
the lipophilic parameter, log P or -K, can give results superi
or to those considering log P or ir alone. These results indi
cate that the Fibonacci search technique, as described in 
this paper, can be used to give insight as to the possible 
mechanism of biological activity. It is possible that such re
sults may be due to curve smoothing or some other factor 
unrelated to biologic activity; however, the retrospective 
examples we have reported on required the same combina
tions of parameters in Hansch analyses in order to give sta
tistically meaningful results. We are currently at work on 
this problem and hope to resolve the question in a future 
publication. 

In order to illustrate the use of this technique, consider 
the phenoxy ethers 3 studied by Berger5 and reported by 
Hansch and Lien.6 The data for the Fibonacci search are 
presented in Table IV. A Fibonacci search on these analogs 
as a function of log P alone identified the compound corre

sponding to point number 19 as being the most active. Al
though the latter analog is not the most potent analog, it is 
still very active. However, the most active compound is 
unambiguously determined when the analogs are arranged 
in order of increasing 2(log P + a). Table V displays the 
analogs in the latter order. A Fibonacci search of these ana
logs identifies correctly the analog corresponding to point 
number 19 as the most active derivative. Note that if point 
numbers 19 and 20 are interchanged, the resulting Fibo
nacci search still leads to the same compound. 

The Fibonacci search technique can be applied to a set of 
structurally diverse compounds if they show nonspecific 
mechanism of activity. This point is illustrated by consid
ering six different structural classes of compounds studied 
individually by Hansch et al.7 as hypnotics. Table VI dis
plays these compounds listed in order of increasing log P 
values, and Table VII gives the structural types and fre
quency of usage of the compounds studied. The most active 
compound, 24, was found; however, when a different set of 
data was studied, the most active compound was not found. 
But the compound was among the most active. This again 
illustrates that if more than one maximum exists, the Fibo
nacci search technique will find one of them. 
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Table V. Data of Berger et al.5 on Minimum Fungistatic 
Concentration of 3, Reported by Hansen and Lien,6 

Arranged in Order of Increasing Value of 2 (Log P + a) 

Table VI. Data of Hansen et al.7 Arranged in Order of 
Increasing Values of Log P 

Point 
no. X 

S(log 
P + a) 

Log 
1/C 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

OH 
OH 
OH 
OH 
H 
OH 
OH 
OH 
OH 
OH 
H 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
H 
OH 
H 

OH 
OH 
H 
OH 
OH 
H 
OH 
H 
OH 
OH 
OH 
OH 
OH 
H 
H 
H 
H 
H 
H 
OH 
H 
OH 

2-Me 
4-CI 
2-Me 
4-CI, 2-Me 
2-Me 
2-CI 
2,6-Cl2 

4-CI 
2,4-Cl2 

4-C1, 3,5-Me2 

4-CI 
2,6-Cl2,4-Me 
4-C1, 2,6-Me2 

4-CI, 3-Me 
4-CI, 2-Me 
2,6-Cl2 

2,4-Cl2 

4-CI, 3,5-Me2 

2,6-Cl2, 4-Me 
4-CI, 3,5-Me2 

4-CI, 2,6-Me2 

2,6-Cl2, 4-Me 

1.24 
1.63 
2.00 
2.17 
2.20 
2.26 
2.30 
2.39 
2.43 
2.51 
2.59 
2.65 
2.71 
2.83 
2.93 
3.06 
3.19 
3.27 
3.41 
3.47 
3.47 
3.61 

2.26 
2.31 
2.46 
2.33 
2.79 
2.84 
2.37 
2.81 
2.61 
3.24 
3.07 
3.10 
2.76 
3.30 
3.30 
3.04 
3.35 
3.68 
3.47 
3.93 
3.51 
3.67 

The nature of the Fibonacci search technique is depen
dent upon an extremum between limits. In practice, how
ever, it will find one among several maxima or minima.8 

This property of the Fibonacci search enables it to elicit 
whether a parabolic relationship on log P or ir is operative. 
For example, Goodford et al.9 carried out a Hansch analysis 
on 19 arylamidinoureas 4 as antimalarials. They arrived at 

®--
O NH 
II II 

•NHCNHCNE, 

Point no. Compd no." 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

163 
157 
164 
103 
126 
162 
112 
125 
166 
136 
127 
159 
116 
129 
158 
134 
113 
128 
169 
104 
161 
141 
139 
120 
130 
137 
171 
140 
122 
132 
142 
138 
131 
108 
115 

L o g P 

-0.10 
0.32 
0.40 
0.50 
0.59 
0.80 
0.88 
0.89 
0.90 

.05 

.09 

.12 

.18 

.21 
1.32 
1.35 
1.38 
1.39 
1.40 
1.50 
1.52 
1.56 
1.65 
1.68 
1.71 
1.85 
1.90 
1.95 
2.00 
2.01 
2.03 
2.15 
2.21 
2.27 
2.38 

Log 1/C6 

1.84 
2.28 
2.06 
2.40 
2.74 
2.58 
2.41 
2.86 
2.23 
2.44 
3.11 
2.68 
2.65 
3.28 
2.91 
2.50 
2.79 
3.31 
2.35 
2.97 
2.70 
2.39 
2.70 

.92 

.32 

.70 

.38 

.54 

.20 

.13 

.30 
2.67 
3.00 
2.67 
2.65 

"These are the identifying numbers of the compounds studied by 
Hansch et al.7 "C represents the moles of drug per kilogram of test 
animal producing "hypnosis". 

Table VII. Structural Types of Compounds 
Examined in Table VI 

the following equation: B.A. = 0.28ir + 0.86a - 0.07. They 
stated that the range covered by the compounds was not 
great enough to define a quadratic relationship; however, a 
Fibonacci search of these compounds located the most ac
tive analog (Table VIII). The latter result is irrefutable evi
dence that a parabolic relationship of activity with v does 
indeed exist! In the same regard, Hansch and Fujita10 ana
lyzed bnly 8 of 14 diethylphenyl phosphates in their toxici
ty to houseflies and found that the activity was primarily 
dependent upon a, whereas its dependence upon 7r was very 
slight. A Fibonacci search of these compounds (Table VIII) 
located the most active derivative. This is another example 
that the activity is actually parabolically dependent upon 
•K. Of course, if the effect of ir is slight, it could be left out of 
a Hansch equation. A more important advantage of the Fi
bonacci search technique as applied to this problem is that 
all 14 of the compounds were used, whereas Hansch used 
only 8, stating that one compound was left out because of 
possible difference in mode of action. We are in the process 
of examining other cases where linear relationships be
tween lipophilic character and biological activity have been 

Structural 
types used 

H 0 H 

RN—C—NR-

(CH ),C(SR)CON'H. 

R 

j/M~R' 

H 

Fre 
of 

iquency 
usage 

5 

5 

3 

Structural 
types used 

R-. ,OCONH, 
C 

R / X E S C H 

OH 
1 

RCC^CH 

1 
R1 

R- OH 

1 | HC^CCH—CR> 
1 
R 

Frequency 
of usage 

8 

6 

8 

reported in order to ascertain whether a parabolic depen
dence on ir or log P more accurately describes the activity. 

In summary, the Fibonacci search technique as described 
in this report has the ability to study a variety of com-
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S t r u c t u r e 

o 

n OH 

CH—CFL 

X Y 

0 H 

(0)—NHC—NC; 
NH 

0 H 

K — 

.M-

\ H 

„NH 

NH, 

.M-

x, 

OPCKOF.t) 

CH 

! 
OH.N'R 

" I 
CH 

H 

-OCHCON 

0 ' 
(C:H,).,CH. 

H 

V — ( O ) — C C H . N ^ HBr 
TH 

Br 

K 

-('(K1H 

K 

<CJV~NHN=C 
CN 

CR 

CUH 

Type of ac t . 

B a c t e r i c i d a l and antifungal 

Antifungal 

A n t i m a l a r i a l 

A n t i m a l a r i a l 

Toxic i ty to housef l ies 

B a c t e r i c i d a l 

B a c t e r i c i d a l 

A d r e n e r g i c blocking agents 

B a c t e r i c i d a l 

Hapten antibody i n t e r ac t i on 

Uncoupling of oxidat ive phos
phory la t ion 

No. of 
No. of compds to 

compds find max 

22 

22 

14 

14 

35 

22 

22 

14 

22 

35 

P a r a m e t e r s 

Log P 

Log P and a 

Log P 

hosP 

and pKj 

Ref 

10 

11 

12 

13 

14 

15 

16 

-CHCOO 

I 
'NH 

x - 0 - ^ * ' H 

Polyene alkyl e s t e r s 

Enzymic oxidat ion 14 

Hemolytic 

Neuramidase inhibition 

Antibiotic 

14 

14 

20 

5 

5 

7 Rt 

17 

18 

19 

20 

pounds in combina t ion or separa te ly . T h e inclusion of a 
and p X a p a r a m e t e r s t o t he l ipophil ic p a r a m e t e r m a y p ro 
vide insight as to mechan i sm of act ion, a n d a successful 
search clearly d e m o n s t r a t e s t he parabol ic re la t ionsh ip 
toward t h e molecular p rope r ty being considered. T h e 
m e t h o d is fast a n d easy t o use and , a l though re t rospec t ive 
cases were s tudied , t he t echn ique is qu i t e easily a m e n a b l e 
to use in t h e beginning s tages of an invest igat ion. I t is to be 
emphas ized t h a t th i s is a rap id , n o n - c o m p u t e r t e chn ique . 

Tab le VIII summar izes several of t h e cases in which we 
have appl ied t h e Fibonacci search. 

A c k n o w l e d g m e n t . T h e au tho r s wish t o t h a n k Dr . Ar
t h u r C a m m a r a t a for h i s encou ragemen t a n d m a n y helpful 
discussions. 
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the SO2 group therefore serve only to determine the actual 
values of bacteriostatic activity. In p-aminobenzenesulfo-
namides there is a substituted NH2 group attached to the 
SO2 group; according to the number and type of substitu
ents on this NH2 group one can distinguish the following 
structural situations I-V. 

H2NC6H4S02NHR, H2NC6H4S02N^ 

H2NC6H4S02N=R1H H2NC6H4S02N=R 

II IV 

HjNCg^SO^NR! 

V 

The isomeric forms I (amide) and II (imide), which can 
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the common anion V in alkaline solution. These structures 
(I, II, and V) have markedly different electronic properties, 
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as is demonstrated by their spectroscopic behavior1-4 

which can in turn be used as a tool for analytical purposes. 
It shows, for example, that in aqueous solutions 2-p-amino-
phenylsulfonamidopyridine (sulfapyridine) and -thiazole 
(sulfathiazole) assume forms II and V, their ratio depend
ing on the pH of the solution; N1-phenylsulfanilamide and 
2-p-aminophenylsulfonamidopyrimidine (1) (sulfapyrimi-
dine), on the other hand, assume forms I and V. p-Amino-
benzenesulfonylguanidine (sulfaguanidine) has been as
signed structure IV by comparison with some ring TV-meth
yl derivatives4 which must necessarily have that structure, 
whereas structure III is obviously assumed by all the N1-
methyl or Afl-acetyl derivatives of sulfa drugs pertaining to 
forms I or II. 

Although these structures have long been the subject of 
research,5-8 their role in structure-activity relationships 
does not appear to have been fully understood. In fact, 
even if the anion structure V is commonly claimed to be the 
most active, the neutral form I has usually been preferred 
for measuring9-15 or calculating16,17 the structural indices. 
If it is important that the index chosen as representative of 
electronic structure be related to realistic events (energeti
cally) in which the drug may participate and that, when lo
calized on a particular position or functional group on a 
molecule, it should reflect a chemical event actually taking 
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The problem of structure-activity relationships in sulfonamide type compounds is tackled on the ground that both 
bacteriostatic activities and structural indices must be referred to the specific individual forms assumed by sulfa 
drugs in the active solutions. The frequency value of the symmetric stretching mode of the sulfonyl group va (SO2) is 
chosen as a suitable electronic index and measured for the individual active forms in aqueous and Me2SO solutions. 
The linear correlation that exists between bacteriostatic parameter and vibration frequency (over the complete range 
of data at present available) proves a strict relationship between electronic structure and bacteriostatic activity in 
this class of drugs. Furthermore, it justifies the assumption used for the calculation of the bacteriostatic activity of 
the anionic form; i.e., in equilibrium with a very active species (the anion) a less active species (the neutral form) 
gives a negligible contribution or does not contribute at all to the total activity. The results can be summarized as fol
lows: the lower the frequency of the symmetric stretching mode of the SO2 group of any active species of sulfona
mide type compounds, the higher its bacteriostatic activity. The existence of a clear structure-activity correlation 
demonstrates that the whole class of compounds, whatever their form, has a single mechanism of action, while incon
trovertible deviations from the general trend indicate differences or complications in the mechanism itself, but does 
not demonstrate that the group on which the structural index is localized plays a dominant role in the biological pro
cess. The usefulness of pKa and NH2 proton chemical shift of precursor amine as indirect indices of the electronic 
structure of the anionic forms is explored on extensive sets of available data. 


