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dec; UV Xmax (MeOH) 233 nm (t 4900); Xmax (pH 8 buffer) 232 
nm U"° 5600). Anal. (C8H14N405, 246.2) C, H, N. 

The free base can also be liberated by dissolving the hydro
chloride 2 in ethanolic ammonia. Evaporation, after standing 
several hours at room temperature, and recrystallization of the 
residue from ethanol gave 3, mp 179-180 °C dec. 

4-Amino-l-(/8-D-arabinofuranosyl)-l,3,5-triazin-2(lif)-one 
(5). A mixture of BSTFA (40 mL) and dry acetonitrile (40 mL) 
was gently refluxed with 2 (2.0 g, 7.1 mmol) under anhydrous 
conditions. As the reaction proceeded, the single peak in the gas 
chromatogram due to 3-TMS5 (IRI 2538) was accompanied by-
increasing concentrations of a second compound having a longer 
retention time. By mass spectral analysis it was shown to be 
5-TMS4 (IRI 2650). After refluxing for 53 h, the latter compound 
produced the only peak in the chromatogram, indicating a 
complete thermal conversion: MS (5-TMS4) m/e (rel intensity) 
532 (1.7), 517 (6.0), 442 (1.7), 387 (2.4), 349 (0.7), 315 (19.8), 258 
(44.8), 243 (24.3), 217 (61.6), 169 (17.4), 147 (21.4), 73 (100). The 
solvent was removed under vacuum and the residue taken up in 
100 mL of methanol. Methanolysis of the trimethylsilyl groups 
was accomplished by slow distillation of the methanol solution 
during 1.5 h. The concentrate was diluted to 100 mL with a fresh 
portion of methanol, and the distillation was continued for another 
1.5 h. After renewing the solution volume a second time with 
methanol, heat was removed and the solution was allowed to come 
to room temperature, causing 1.4 g (82%) of white crystals of 5 
to separate: mp 223-225 °C dec; [a]24

D 122° (c 1.0, H20, t = 0); 
[a]24

D 63° (c 1.0, H20, t = 5 h); UV Xmai (H20, t = 0) 243 nm (e 
6800); Xmal (H20, t = 1 h) 242 nm (« 7200); Xmal (H20, t = 3 h) 
241 nm (e 7800); Xmal (pH 2 buffer, t = 0) 252 nm (e 3100); Xmax 
(pH 8 buffer, t = 0) 242 nm (e 7400); IR (Nujol) 1702,1665, 1616, 
1165, 1082, 822, 799 cm"1; NMR (Me2SO-d6) 5 8.22 (s, 1, C6 H), 
6.03 (d, J = 4 Hz, 1, Ci H). Anal. (C8H12N405, 244.2) C, H, N. 
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Development of high-activity clinical candidates, from 
the initial lead of a L1210 leukemia active bisquaternary 
ammonium heterocycle (BQAH),1 first relied on the de
velopment of qualitative structure-activity relationships.2 

These qualitative relationships demonstrated a need for 
(1) two strongly basic centers separated by an aromatic 
framework providing a charge separation of greater than 
18A, (2) a capacity to fit to a slotlike annular site, and (3) 
agent lipophilic-hydrophilic balance within a critical 
range.2 When it was later appreciated that these agents 
act by interference with DNA-template activity of tumor 
cells,3,4 it proved possible to develop QSAR by utilizing 
measures of agent-DNA interactions as an indicator of site 
fit.3 The measure of DNA interaction employed was 
derived from competition studies between agents and the 
fluorochrome ethidium for DNA sites.3,5 A C50 value for 
the drug-DNA interaction was defined as the micromolar 
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drug concentration necessary to displace 50% of DNA-
bound ethidium, as monitored by fluorimetry. I t can be 
demonstrated that such C50 values are inversely related 
to drug-DNA association constants.6 This micromethod, 
which employs milligrams of drug and only micrograms 
of DNA, permitted an examination of the importance of 
drug binding to different DNA primary sequences for 
antitumor activity.3 The BQAH agents bind more strongly 
to adenine-thymine (A-T) rich DNAs than to their gua-
nine-cytosine (G-C) containing counterparts, and there was 
limited covariance between the C50 values observed for 
agent binding to poly[d(A-T)] and poly[d(G-C)]. Equa
tions from multiple regression analysis demonstrated that 
the Cm values for drug interaction with poly[d(A-T)] could 
incorporate significantly more of the variance in the bi
ologic data than those obtained from poly(dA)-poly(dT) 
or polyfd(G-C)]. Interaction of these agents with DNA can 
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then be specified in two ways: (1) by their level of in
teraction with a particular DNA and (2) by their dis
criminatory ability for different DNAs. The latter may 
be conveniently quantified as the ratio of the C50 values 
measured for two different sequenced DNAs, e.g., C50-
[poly[d(A-T)]]/C5o[poly[d(G-C)]]. There is minimal co-
variance between the latter discriminatory quotient and 
the individual C50 values for a particular DNA. Devel
opment of acceptable regression equations incorporating 
this discriminant, for the BQAH series, suggests that the 
antitumor selectivity shown by these agents is a function 
of their ability to distinguish alternating A-T rich areas, 
in the DNA of a target cell, in relation to G-C sequences.3 

In development of the initial qualitative SAR it was 
determined that at least one quaternary ammonium 
function could be acceptably replaced by an alternative 
strongly basic function, if this was selected from among 
the resonant amidinium-type bases (amidine, guanidine, 
imidazoline, 1,4,5,6-tetrahydropyrimidine, guanyl-
hydrazone).2 As an example from the data base developed, 
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1 serves as a conceptual bridge between the BQAH and 
certain L1210-active aromatic bis(guanylhydrazones) 
(BGH), such as 12. It can be noted that such agents, 
extensively investigated by Mihich et al.,6"11 meet the 
criteria required by our qualitative SAR and, additionally, 
considerable research has shown that DNA is probably the 
site of action for these drugs.8'9 The correspondence 
between the BQAH and the aromatic BGH agents, both 
possessing L1210 activity, charge separation of greater than 
18A, structural aromatic components permitting lodgement 
in a slotlike annular site, and DNA as a putative site of 
action, suggested that the two groups of agents might be 
considered congeneric and that earlier developed QSAR3 

might then be applicable to the aromatic BGH. Also, if 
these agent groups were congeneric, then the BGH should 
demonstrate sequence selectivity of binding to the syn
thetic, homopolymeric DNAs. This paper details a study 
of these various possibilities. 

Additionally, Mihich and co-workers9 have examined a 
series of aliphatic BGH and two further dibasic agents, 
certain of which have moderate antitumor activity but 
clearly do not meet the structural requirements of our 
qualitative SAR.2 These agents, grouped separately in 
Table I (2-9 and 18), have clearly different biologic 
properties from their aromatic counterparts (10-17), as 
evidenced by investigations with the two examples afforded 
clinical trial [DDUG (12) and methylglyoxal bis(guanyl-
hydrazone), MGGH (2)]. The aliphatic example requires 
carrier-mediated transport into target cells,12 whereas 
DDUG penetrates cells by passive diffusion.1113 The latter 
binds strongly to double-stranded DNAs with much of the 
binding being attributable to nonionic forces,9,11 as is the 
case with the BQAH.3 In contrast, MGGH binds weakly 
to DNA at low ionic strengths, indicating mainly weak 
ionic interactions.9,14 The aromatic example (12) strongly 
inhibits DNA-dependent DNA polymerase (DDP) in vitro,9 

while MGGH is a poor inhibitor of this enzyme.9,10 The 
mode of antitumor action of 2 is unclear but is thought to 
involve interference with the functioning of cellular 
polyamines.8 It was clearly of interest to also examine the 
DNA binding of the subgroup of aliphatic BGH and the 
possible applicability of earlier developed QSAR to these. 

Agents Examined. These are those tabulated in the 
paper of Mihich et al.9 One L1210 inactive guanyl-
hydrazone (compound XVIII of Mihich et al.) was un
available but, since it clearly should not be considered 
along with bis(guanylhydrazones), it was not resynthesized. 
Compounds 6,10, and 16 were prepared in this laboratory 
as bis (hydrochloride salts) by published procedures,15,16 

while 17 was contributed by May and Baker Ltd., Da-
genham, U.K. All remaining compounds were generously 
provided by Dr. E. Mihich of Roswell Park Memorial 
Institute. 

Data Base. Table I lists the values of all biologic and 
physicochemical parameters employed. Biologic data are 
those of Mihich et al.9 The animal strains employed for 
the L1210 screening tests (DBA2), the screening protocols 
employed (106 L1210 cells implanted ip, dosing qd 1-4 ip), 
and the data interpretation methods employed9 differ from 
those employed in our earlier QSAR study (DBA2 X C3H 
Fi hybrid mice, 106 L1210 cells implanted ip, dosing qd 
1-5 ip).3 The maximum percentage increases in life span 
(ILS) observed in the former studies might then differ 
appreciably from those that would have been obtained if 
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Table I. 

no. 

2 
3 
4 
5 
6 
7 
8 
9 

18" 

10 
11 
12 
13 
14 
15 
16 
17 

Biologic0 

Rj 

-0.27 
0.04 

-0.08 
-0.20 
-0.08 
-0.52 
-0.04 
-0.25 

0.89 

-0.43 
-1.11 
-0.75 
-0.10 
-0.08 
-0.06 
-0.43 
-0.46 
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and Physicochemical Data for the Bis(guanylhyd 

C$o ' 

d(A-T)* 

34 
103 

27 
14 

112 
m 

70 
22 

127 

2.9 
0.30 
0.43 
1.2 
0.08 
0.42 
0.14 
1.2 

data" 

d(G-C)'1 

128 
379 
111 

51 
248 
m 

81 
200 
191 

7.6 
0.69 
1.3 
3.4 
0.20 
1.6 
1.0 
6.7 

obsd 

log (ICW)C 

calcd' diff 

razones 

obsd 

') 
log (OD)d 

calcd-' 

aliphatic bis(guanylhydrazones) 
2.85 

>3.00 
2.81 
2.70 
2.87 

>3.00 
>3.00 

2.85 
>3.00 

2.75 0.10 
2.99 >0.01 
2.70 0.11 
2.56 0.14 
3.00 -0.13 

2.91 >0.09 
2.66 0.19 
3.03 >-0.03 

1.70 
2.18 
2.30 
2.18 
2.00 
2.30 
1.87 
1.88 
0.60 

2.09 
2.03 
1.94 
1.90 
2.07 

1.85 
2.16 
0.67 

aromatic bis(guanylhydrazones) 
1.90 
1.95 
1.95 
2.11 
1.60 
1.60 
1.60 
1.60 

2.23 -0.33 
1.74 0.21 
1.82 0.13 
2.04 0.07 
1.46 0.14 
1.81 0.19 
1.58 0.02 
2.04 -0.44 

1.60 
1.48 
1.40 
1.40 
0.70 
1.48 
1.30 
1.87 

1.72 
1.35 
1.51 
1.39 
0.91 
1.23 
1.39 
1.71 

diff 

-0.39 
0.15 
0.36 
0.27 

-0.07 

0.02 
-0.28 
-0.07 

-0.12 
0.13 

-0.11 
0.01 

-0.21 
0.25 

-0.09 
0.16 

obsd 

2.00 
<1.40 i 

<1.40 
<1.40 
<1.40 
<1.40 
<1.40 
<1.40 

2.11 

1.84 
2.08 
2.47 
1.97 
1.82 
2.10 
1.63 
1.85 

log(ILS)' 

calcd'' 

1.98 
1.74 
1.87 
1.89 
1.70 

1.65 
1.84 

<1.40 

1.97 
1.97 
2.05 
2.01 
2.16 
2.11 
2.28 
2.13 
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diff 

0.02 
>-0.34 
>-0.47 
>-0.49 
>-0.30 

>-0.25 
>-0.44 

<0.71 

-0.13 
0.11 
0.42 

-0.04 
-0.34 
-0.01 
-0.65 
-0.28 

" Ail biologic data are taken from ref 9. " The Cso value is the micromolar drug concentration necessary to displace 50% 
of DNA-bound ethidium; see ref 3 and 5. c IC50 is the micromolar concentration needed to effect a 50% decrease in the 
velocity of the DNA-dependent DNA-polymerase reaction; see ref 9. d OD is the optimum dose in (mg/kg)/day, qd 1-4, for 
anti-L1210 leukemic activity; see ref 9. e ILS is the maximum percentage increase in lifespan observed in L1210 leukemia 
assays. f Rm is a relative measure of lipophilic-hydrophilic balance for partition chromatography; see ref 3. g d( A-T) = 
poly[d(A-T)] - poly[d(A-T)]. h d(G-C) = poly[d(G-C)] - poly[d(G-C)]. •' Calculated using eq 1. ' Calculated using eq 4. 
k Calculated using eq 12 in ref 5. ' Inactive compound. m Compound too insoluble for Cf0 values to be obtained. 
" Synthalin. 

the compounds were screened under the conditions em
ployed in our earlier QSAR study.3 If possible, the biologic 
data of Table I should be handled in an internally self-
consistent manner. 

As a relative measure of agent lipophilic-hydrophilic 
balance, Rm values from partition chromatography were 
employed. The chromatographic system employed was 
that used earlier with the BQAH.3 

Relative binding levels of the compounds to the syn
thetic polymers poly[d(A-T)] and poly[d(G-C)] were 
determined by the ethidium-displacement assay.3,5 A 
further advantage of the latter method is that it is also 
applicable to UV-transparent compounds; thus, this paper 
provides the first data on the DNA-binding characteristics 
of the hypoglycemic agent synthalin (18), as well as those 
aliphatic BGH which failed to provide UV-spectral changes 
in the presence of DNA.9 

Results and Discussion 
DNA Binding. Both the qualitative SAR2 and sum

marized subsidiary evidence3 are compatible with 
lodgement of the BQAH agents in the minor groove of twin 
helical DNAs. The same binding site has been later 
proposed for the antibiotics distamycin A and netropsin.17 

From the correspondence seen between the BQAH and the 
aromatic BGH, it appears reasonable to postulate the same 
type of binding for the latter. This view is further sup
ported by the finding that DDUG (12) shows no unwinding 
of closed circular, superhelical PM2 bacteriophage DNA 
and, to this criteria, does not bind to DNA by interca
lation.19 Nevertheless, this compound binds very strongly 
to double-stranded DNAs by a combination of ionic and 
nonionic forces,9,11 as do the BQAH.3 The data of Table 
I show further that all the BGH studied bind more strongly 
(lower C50 value) to poly[d(A-T)] than to poly[d(G-C)]. 
This phenomenon has been consistently observed with 
other minor-groove binders, and it is suggested that this 
results from steric inhibition of binding by the guanine 
2-NH2 of the G-C base pairs.3 While there is considerable 
covariance between the measured C50 values for binding 

Table II. Correlation Matrices (r2 Matrices) for 
DNA-Binding Parameters 

log 
log [CJG-C)I 

[1/CW(G-Q] C,0(A-T)] 

(i) for the bisquaternary ammonium heterocycles,0 

174 compounds 
log [1/CS0(A-T)] 0.40 0.24 
log [1/C50(G-Q] 0.14 

(ii) for the bis(guanylhydrazones) 2-6 and 8-18, 
16 compounds 

log [1/C50(A-T)] 0.96 0.07 
log [1/CM(G-Q] 0.003 

a See ref 3. b In Table I. ~ 

of the BGH to both the A-T and G-C polymers (r2 = 0.96), 
it is noteworthy that the ability of these compounds to 
discriminate between different DNA polymers, as provided 
by the ratio of these values, is independent of the absolute 
magnitude of these values (r2 = 0.07 and 0.003; see Table 
II). Although binding levels of the BGH to poly[d(A-T)] 
and poly[d(G-C)] are more closely related than were those 
of the BQAH (see Table II), the two major types of 
DNA-association properties, their binding and discrimi
natory properties, are again quite independent. 

DNA-Dependent DNA Polymerase (DDP) Inhib
ition. As a measure of the interaction of the BGH with 
calf thymus DNA, the changes in the UV spectrum of the 
compound, when DNA was added, were formerly em
ployed.9 It was then observed that there was a qualitative 
relationship between the magnitude of this interaction and 
the drug concentration providing 50% inhibition of DDP 
activity (IC50 values). Extending this study, the quanti
tative relationship between IC^ values and the C^ values 
for drug binding to poly[d(A-T)] and poly[d(G-C)] have 
been examined. Four compounds were not included in the 
analysis because the IC50 values for compounds 3, 8, and 
18 were not quantitated but recorded as greater than 1000 
nM, and, for unclear reasons, because 7 was too insoluble 
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Table III. Stepwise Development of the Equations Discussed" 

to allow Cm values to be obtained. For the remaining 13 
compounds there was a clear relationship between DDP 
inhibition and DNA binding (eq 1). As expected, because 

log (ICBO) = -0.49(±0.12) log [1/C50(A-T)] + 2.00 (1) 

n = 13, r = 0.92, s = 0.22, Fhn = 64.6 

of covariance between poly[d(A-T)] and poly[d(G-C)] 
binding for these compounds (Table II), a similar result 
is obtained using the values for binding to poly[d(G-C)] 
(eq 2). In contradistinction, no significant relationship 

log (ICBO) = -0.47(±0.11) log [l/C50(G-O] + 1.74 (2) 

n = 13, r = 0.91, s = 0.24, F U 1 = 51.5 

was observed between IC50 values and DNA discriminatory 
properties, defined as the ratio of the two C50 values, of 
the BGH. Therefore, the inhibitory capabilities of these 
compounds toward DDP appears almost entirely due to 
their ability to bind to DNA in a general way and not to 
their discriminatory ability. This is in agreement with 
earlier observations11,20 that, in the case of DDUG (12), the 
inhibition reaction is dependent only on DDUG/DNA 
template concentrations and is not altered by change of 
the DNA template. Note that these equations do predict 
the poor inhibitory activities of the three compounds not 
included in this analysis. Predicted log (IC50) values for 
these compounds from eq 1 are: 3, 2.99; 8, 2.91; 18, 3.03; 
quoted, >3.0.9 

Although there is considerable variation in lipophilic— 
hydrophilic balance through the series, no term in Rm could 
be usefully included in eq 1 and 2. The earlier studies with 
the BQAH also showed that DNA binding appeared in
sensitive to changing agent lipophilic character. 

Animal Toxicity. From previous experience, it was 
expected that agent lipophilic-hydrophilic balance would 
play a role in determining mammalian toxicity. In 
agreement, eq 3 (where OD = optimal dose) could be 

log (OD) = -0.73(±0.66)flm
2 - 0.45(±0.51)flm + 1.68 (3) 

n = 16, r = 0.56, s = 0.43, F2>13 = 3.0, p < 0.1, 
flm(optimum) -0.31 (-1.13 to 0.51) 

derived for the compounds of Table I, omitting 7 because 
DNA binding data for this was unavailable. Further 
addition of a term in binding of the compounds to 
poly[d(G-Q] provided a considerable improvement (eq 4). 

log (OD) = -0.58(±0.36)#m
2 - 0.92(±0.34)flm -

0.37(±0.13) log [1/C50(G-C)] + 1.10 (4) 

n = 16, r = 0.90, s = 0.23, F3il2 = 17.5, 
fljoptimum) -0.79 (-1.29 to -0.29) 
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In the latter, the C50 binding term is the most important 
(see Table III for details of stepwise development), but 
inclusion of all terms is significant at below the 0.01 level. 

As expected, from the covariance seen in DNA binding 
terms a similar equation (eq 5) employing C50 values for 

log (OD) = -0.68(±0.39)f?m
2 - 1.00(±0.39)flm -

0.37(±0.13) log [1/C50(A-T)] + 1.30 (5) 

n = 16, r = 0.89, s = 0.25, F312 = 15.5, 
flm(optimum) -0.74 (-1.28 to -0.20) 

binding to poly[d(A-T)] was equally useful. 
Once again, attempted use of the ratio of the two C50 

values, as a DNA binding discriminant, was not successful. 
In view of the clear relationships demonstrated earlier 

between DNA binding and IC60 values for inhibition of 
DDP (eq 1 and 2), it is not surprising the in vivo toxicity 
can also be modeled in terms of this parameter (eq 6). To 

log (OD) = -0.74(±0.45)flm
2 - 0.87(±0.44)flm + 

0.59(±0.30) log (ICBO) + 0.21 (6) 

n = 16, r = 0.83, s = 0.30, F3 1 2 = 9.2, 
flm(optimum) -0.59 (-1.21 to 0.03) 

allow comparisons between eq 6 and eq 4 and 5, log (IC50) 
values of 3.00 have been used for compounds 3, 8, and 18 
in order to retain the same data base. 

The term in log IC50 for inhibition of DDP, in eq 6, 
accepts a greater proportion of the variance in the biologic 
data than any other term. For this series of basic com
pounds, in which OD (optimal dose) varies by 50-fold, 
mammalian toxicity appears highly responsive to the 
DDP-inhibitory action of the agents. 

Tumor Selectivity. While the screening protocols 
employed for assaying antitumor effectiveness of the BGH 
were different from those employed in the BQAH study, 
it was clearly of interest to find if the QSAR derived for 
the latter could be used in a predictive fashion to at least 
correctly order the activities of the BGH. Using measured 
Rm and DNA-binding parameters and the best equation 
derived for the BQAH (eq 12 in ref 5), the maximum ILS 
values predicted for the BGH are those provided in Table 
I. Predictions for the L1210 activity of the aliphatic 
bis(guanylhydrazones) were, with the exception of MGGH 
(2), clearly seriously in error. Many inactive examples 
would have been predictd to be active (3-9), while the 
L1210-active diguanide synthalin (18) would, because of 
both its excessive lipophilic nature and its poor DNA 
discriminatory ability, have been expected to be inactive. 
As earlier discussed, the aliphatic BGH and particularly 
synthalin may have quite different modes of action, and 
such poor ranking of activities would not then be unex-

eq no. intercept G-C Rm Rt >X 
1.33 
0.96 
1.10 

1.48 
1.18 
1.30 

0.81 
0.09 
0.21 

-0.24 
-0.41 
-0.37 

A-T 

-0.20 
-0.38 
-0.37 

log (IC50) 

0.35 
0.59 
0.59 

-0.82 
-0 .92 

Rm 

-0.85 
-1.00 

-0 .68 
-0.87 

-0.58 

Rm2 

-0 .68 

-0.74 

0.53 
0.81 
0.90 

r 

0.46 
0.76 
0.89 

r 

0.42 
0.66 
0.83 

0.42 
0.31 
0.23 

s 

0.45 
0.34 
0.25 

s 

0.46 
0.39 
0.30 

5.7 (14)6 

12.2(13) 
10.2(12) 

Fix 
3.7 (14) 

11.1 (13) 
13.0 (12) 

Fix 
2.9(14) 
6.0 (13) 

10.4(12) 
0 Terms employing CK values for a particular DNA species have been abbreviated; e.g., log tl/C50(A-T)] is provided as A-T. 

b Degrees of freedom X for the F test. 
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pected. However, it was correctly predicted that all of the 
aromatic BGH's examined would be L1210 active, although 
the rank ordering of these was clearly different from that 
observed. With the view that such ranking might reflect 
the different screening protocols employed, it was then 
desirable to apply regression analysis directly to the bi
ologic data. However, with only eight tumor-active aro
matic BGH's available, there are barely enough data points 
to adequately examine the importance of one variable, and 
it has been clearly demonstrated that in vivo antitumor 
activity is modeled successfully only by multivariable 
analysis. Although no single term could be found sig
nificant at the 5% level, in modeling ILS values for the 
aromatic BGH, the parameter which enters first in a 
forward, stepwise, multiple linear regression is log [C50-
(G-C)]/[C60(A-T)], the measure of DNA discriminating 
ability being employed. This latter parameter is also the 
single most important variable in modeling of the anti
tumor activities of the BQAH.3 

While it has been suggested that the antitumor activity 
of the aromatic BGH's is related to their ability to inhibit 
DDP in vivo,89 the present study shows that this property 
is related to the in vivo toxicity of the general class of BGH 
and may indeed be a useful predictor of this toxicity. 
However, if the aromatic BGH's are congeneric with the 
BQAH, then it would be expected that the antitumor 
selectivity is dependent on in vivo binding to an as yet 
undefined, alternating A-T rich site(s) in the tumor cell 
DNA. 

Experimental Sect ion 
Rm values were determined by the chromatographic method 

detailed earlier for the BQAH,3 employing Merck cellulose F254 
DC sheets as support. UV-absorbing compounds were detected 
by their fluorescence quenching of the cellulose support. UV-
transparent compounds, for example, synthalin (18), were located 
by spraying with pentacyanoaquoferriate reagent, prepared as 
follows: Equal volumes of cold 10% aqueous solutions of sodium 
nitroprusside, potassium ferricyanide, and sodium hydroxide were 
mixed together, in that order, and the red-orange solution stood 
at room temperature until the color faded to a clear yellow-green 
(20-25 min). H20 (4 volumes) and Me2CO (3 volumes) were then 
added, and the solution was used immediately. 

Where adequate quantities of the BQH salts were available, 
weighed amounts were employed to prepare standard aqueous 
solutions of 2 mM strength. For those agents in short supply, 

aqueous solutions were prepared and the concentration of these 
was determined from the UV data quoted by Mihich et al.,9 final 
dilutions being made to provide 2 mM solutions. 
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Multiple regression analysis is a basic statistical tool used for QSAR studies in drug design. However, there is a 
risk of arriving at fortuitous correlations when too many variables are screened relative to the number of available 
observations. In this regard, a critical distinction must be made between the number of variables screened for possible 
correlation and the number which actually appear in the regression equation. Using a modified Fortran stepwise 
multiple-regression analysis program, simulated QSAR studies employing random numbers were run for many different 
combinations of screened variables and observations. Under certain conditions, a substantial incidence of correlations 
with high r2 values were found, although the overall degree of chance correlation noted was less than that reported 
in a previous study. Analysis of the results has provided a basis for making judgements concerning the level of risk 
of encountering chance correlations for a wide range of combinations of observations and screened variables in QSAR 
studies using multiple-regression analysis. For illustrative purposes, some examples involving published QSAR studies 
have been considered and the reported correlations shown to be less significant than originally presented through 
the influence of unrecognized chance factors. 

During the past decade, quantitative structure-activity 
relationships (QSAR) have been increasingly used in 
drug-design studies.1 Typically, a number of possible 
independent variables, usually physicochemical parameters 

relating to a series of compounds, are evaluated for cor
relation with activity values using multiple-regression 
analysis.2 The correlation equation which emerges from 
this analysis may contain only a small number of inde-
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