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Notes

Structure-Activity Relationship in Synthetic Fibrinolytics.

2-Phenethynylcyclopropanecarboxylates!
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The fibrinolytic activity of nine 2-phenethynylcyclopropanecarboxylates was measured in the hanging clot test. The
structure-activity relationship is given by log 1/C = 0.54 log P + 2.01 where 7 is the octanol-water partition coeffi-
cient of the carboxylate ion pair and C is the molar concentration of the drug. The equation obtained for the cyclo-
propanecarboxylates is compared with similar equations for benzoates, salicylates, and N-phenylanthranilates.

We have been interested in the structure-activity rela-
tionship of organic anions which have the capacity to dis-
solve blood clots® by activating their fibrinolytic enzyme
system. The ability of such anions to dissolve clots is highly
dependent on their lipophilic character (defined by log P
where P is the octanol-water partition coefficient). Quanti-
tative structure—activity relationships (QSAR) have recent-
ly been formulated* for three types of anions acting.in the
hanging clot test.” C in eq 1-3 is the molar concentration of
anion which dissolves a standard clot of human plasma in
24 hr, n is the number of congeners upon which the equa-
tion is based, r is the correlation coefficient, s is the stan-
dard deviation, and the figures in parentheses are the 95%
confidence limits. The coefficient with the log P term is es-
sentially 0.5, indicating the same dependence of fibrinolytic
activity on lipophilicity for each set of congeners.
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In our first studies of lipophilic anions causing fibrinol-
ysis, log P for the un-ionized form of acid was used.3b¢ This
tvpe of correlation is satisfactory for the analysis of a single
set of congeners since, to a first approximation, log Pisn =
log P ~ constant. However, when one wishes to make com-
parisons between different sets of congeners, log P for the
biologically active form should be used. We have redone
our early work using log P for the sodium salts of the
acidg;' that is, partitioning was done between 0.1 N NaOH
and octanol. It is assumed that it is the ion pair which is
partitioning.” Since the value of log P of ions is dependent

on the counterion (Na™ in this case), we have standardized
on 0.1 N NaOH for weak acids and 0.1 N HCI for weak
bases. Log P for the ion at infinite dilution has been used.®

We have restudied? our first analysis3 of the fibrinolytic
activity of the benzoic acids and obtained eq 2. Equation 2
is based on two new data points. One old point (the most
lipophilic compound) was dropped. This yields an equation
linear in log P which can be better compared with eq 1, 3,
and 4. In reformulating eq 2, it was found that a term in E
was needed to account for ortho substitution. To compare
eq 2 with eq 1 and 3, the E value of 1.24 for hydrogen is
substituted. Then, solving for the intercept yields a value
of 1.91 which holds for the case when no ortho substituents
are present. This indicates that activities of benzoates and
salicylates in the hanging clot test are identical for isolipo-
philic compounds when no steric effects are present.

Equation 3 has an intercept which is about 0.48 log unit
higher than the mean value of eq 1 and 2. Since the antilog
of 0.48 is 3, we can say that the intrinsic activity of the an-
thranilates is about three times that of the benzoates and
salicylates.

In seeking aniong of greater intrinsic activity, we have
tested a set of trans-2-phenethynyleyclopropanecarboxyl-
ates” (I) in the hanging clot test.
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Equation 4 has been formulated from the data in Table
I. Although eq 4 is not a sharp correlation as judged by r, it
is highly significant in terms of the F statistic: F 7 = 20.0;
Fy 7 0005 = 16.2. Adding terms in E, o, or (log P)? to eq 4
did not improve the correlation.

log 1/C = 0.538 (+0.28) log P + 2.006 (£0.18) (4)
n I3 s

9 0.861 0.112

The slope and intercept of eq 4 are within experimental
error, identical with eq 1 and that calculated for eq 2. No
special effect is observed for the phenylethynylcyclopropyl
group which suggests that the geometry of the aromatic
ring with respect to the carboxyl group is not very critical
since this geometry would be quite different from that of
the benzoates, salicylates, or N-phenylanthranilates.

Equations 1-4 can be of help in the search for more po-
tent fibrinolytic agents. Three or four well-chosen deriva-
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Table I. Constants Used for Deriving Eq 4

Log 1/C
la
No. X Obsd  Calcd® log 1/C| Log P*
1 4-OMe 1.70 1.67 0.03 -0.63
2 H 1.70 1.68 0.02 -0.61
3 4-F 1.74 1.75 0.01 -0.47
4 4-Me 1.82 1.98 0.16 -0.05
5 2-Me 1.92 1.98 0.06 -0.05
6 4-Cl 1.92 2.06 0.14 0.10
7 3-Me 2.05 1.98 0.07 —0.05
8 3-Cl 2.22 2.06 0.16 0.10
9 4-Br 2.22 2.14 0.08 0.25

aCalculated using eq 4. ®*The value of compound 2 was deter-
mined and the others were calculated from 2 using the = constant;
see C. Hansch, A. Leo, S. Unger, K. H. Kim, and E. J. Lien, J.
Med. Chem.. 16, 1207 (1973). In the determination, 0.1 N NaOH
was used as the aqueous phase and the experimental values ob.
tained were extrapolated to infinite dilution.

tives of a parent anion can be made and tested to find log
1/C in the hanging clot test; by well chosen, it is meant that
a range of 2-3 units in log P should be present. Also, since
it is understood that log 1/C will be parabolically depen-
dent on log P in the most general sense,? log P should be in
the range —2.0 to +2.0 for the initial study. Equations 1-4
indicate that one can expect linearity between log P and
log 1/C in this range in the standard hanging clot test.
Since log P values can generally be estimated within an ab-
solute value of 0.5, it would not be necessary to measure
log P values in the preliminary phases of the work; one
might measure that of each parent molecule. One could ob-
tain the slope and intercept for each set of congeners from
the plot of log 1/C vs. log P. Only those cases with inter-
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cepts significantly higher than that of eq 3 would merit in-
depth study.

Equation 2 indicates that steric effects can be significant
in fibrinolytic activity and no doubt further study will show
how electronic effects are important. Indeed, it is the
stereoelectronic character of the N-phenylanthranilate
moiety which gives it a higher activity than the salicylates.
Without much more experimental effort it would be point-
less at this time to speculate on what the ideal stereoelec-
tronic characteristics of the fibrinolytic anions are. This is
also true of their mechanism of action; at present it can
only be said that the activity is highly dependent on lipo-
philic character as operationally defined by log P and that
it is rather insensitive to steric and electronic changes in
the parent structure.
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The structure of a compound previously reported as 2,3,4,5,6,7-hexahydro-2,2-dimethyl-8-hydroxy-6-methyl-10-
pentyl-3,7-methano-1-benzoxonin (1) is shown to be actually 3,4,5,6-tetrahydro-7-hydroxy-2-methyl-5-isopropyl-9-

pentyl-2,6-methano-2H-1-benzoxocin (2a).

In a recent publication! we reported the synthesis of a
series of terpenophenols with central nervous system activ-
ity. One of the compounds obtained on condensation of oli-
vetol with pinene (or limonene) was assigned the tentative
structure 2,3,4,5,6,7-hexahydro-2,2-dimethyl-8-hydroxy-6-
methyl-10-pentyl-3,7-methano-1-benzoxonin (1) (com-
pound 15a in the previous paper). On reexamination of the
spectral data we concluded that they were more consistent
with the structure 3,4,5,6-tetrahydro-7-hydroxy-2-methyl-
5-isopropyl-9-pentyl-2,6-methano-2H-1-benzoxocin (2a), a

cannabinoid whose synthesis by another route has been re-
ported? (see Scheme I).

In the earlier publication® the structure was unequivo-
cally shown to be 2a by several chemical correlations. Thus
dihydrocannabidiol (3), obtained on hydrogenation of can-
nabidiol (4), was cyclized with ease to 2a; it was also ob-
tained as one of the isomers in the hydrogenation of the
isocannabinoid 5, which was the product of three different
cyclization sequences. The isocannabinoid 5 has also been
obtained by Crombie® and by Razdan.* Samples of com-



