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NOTES

TasLe 1
N,N’-D1aLkYLAMIDES (lc)

N-Sub- ~—— Carbon, % —— ~—— Hydrogen, % — ~—— Nitrogen, % ——
stituent M.p., °C. Forinula Caled. Found Caled. Found Caled. Found
Methyl 221-222.5 CnH;sN2Op 48.17 48.29 6.62 6.82 10.21 9.91
Ethyl~ 166-167 C13H2N0s 51.64 51.70 7.34 7.05 9.27 9.39
Propyl~® 161-162 C1:H26N 206 54.53 54.30 7.93 8.08 8.48 8.60
Butyl 146-147 Ci7H3N:205 56.96 57.07 8.43 8. 36 7.82 7.57
Amyl 151-152 Ci9HuN 05 59.04 59.30 8.87 9.13 7.25 7.26
Hexyl 154-155 CouHyNOs 60.82 60.66 9.24 9.16 6.76 7.01
Heptyl 160-160.5 CasH N 205 62.41 62.39 9.57 9.66 6.33 6 .36
Octyl 154-155 CasHsN12Os 63.81 63.79 9.85 9 .87 5.95 5.87
Nonyl 157-138 CzH5N20s 65.02 65.02 10.11 10.16 5.62 5.68
Decyl 152-153 CooH5:N206 66.12 66.26 10.33 10.41 5.381 5.05

¢ Recrystallized from ethyl acetate; all others from ethyl acetate—ether.

TasLe 11
N,N’~-DIALKYLAMINOALKYLAMIDES (Id)

~ Carbon, % —

N-Substituent M.p., °C. Formula
Dimethylaminoethyl 106-107 CiiH»N,Os
Dimethylaminopropyl 117-118 C1aH3eNOs
Pyrrolidinopropyl 105-106 CasHyoN4Os
Piperidinoethyl 135-136.5 CasHoN4Os
Diethylaminopropyl il CaoHy N,Os
Dibutylaminopropyl Qil CaiHeNyOs

N,N’-Bismethyl-3,9-dicarboxamido-2,4,8,10-tetraoxaspiro[5.5] -
undecane.—To 5.52 g. (0.02 mole) of 3,9-dicarbomethoxy-2,4,8,-
10-tetraoxaspiro{3.5]undecane in 75 ml. of methanol was added
0.06 mole of a 259, aqueous methylamine solution. The mixture
was refluxed for 1 hr. and stripped of all solvents. The bisamide
was obtained quantitatively as a white powder that melted at
220-222° and at 221-222.5° on recrystallization from methanol-
ether. The product was soluble in water.

N,N'-Bis(3-dimethylaminopropyl)-3,9-dicarboxamido-2,4,8,-
10-tetraoxaspiro[5.5]undecane.—To a solution of 5.52 g. (0.02
mole) of the diester Ib dissolved in 100 ml. of absolute methanol,
was added 4.08 g. (0.04 mole) of 3-dimethylaminopropylamine in
50 ml. of methanol. The solution was refluxed 1 hr. and all
solvents were stripped at the aspirator. A clear oil resulted
which solidified on slurrying with anhydrous ether. There was
obtained 7.6 g. (919;) of material melting at 117-118°, un-
changed on recrystallization from ethyl acetate—ether. This
product was water soluble.

The Structure-Activity Relationship
in Penicillins
CorwiN HanscH axD EpNa W. DEvTSCH
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Recetved April 6, 1965
In a recent study of the activity of 22 derivatives of
penicillin (Ia) reported by Gourevitch, ef al.,! we have

RNHQH——HC’S\CI(CHB)2
U
0=C——N—CHCOOH

(CHCH, 0X,
Ia, R=/€>-—OCHCO- Ib, R= Co-
X X,
0X,

shown, using substituent constants and regression
analysis,? that variation in activity against resistant
(1) A. Gourevitech, G. A. Hunt, and J. Lein, Antibiot. Chemotherapy, 10,

121 (1960).
(2) C. Hansch and A, R. Steward, J. Med. Chem.. T, 691 (1964).

— Hydrogen, 9% —

—Nitrogen, % —

Caled. Found Caled. Found Caled. Found
52.55 52.56 8.30 8.37 14.42 14.22
54.79 54.77 8.71 8.77 13.45 13.14
58.95 58 .65 8.60 8.56 11.96 11.62
58 95 59.28 8.60 8.97 11.96 11.67
58.44 57.66 9.38 9.68 11.85 11.51
63.66 63.18 10.34 10.43 9 .58 9.39
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Staphylococcus aureus in the presence of serum is well
correlated by eq. 1 and 2. In these equations, C is

n r 8
logzl; = —0.445r + 5.673 20 0.909 0.191 imwivo (1)
log %, = —0.4687 + 6.437 20 0.857 0.267 dnuvitro (2)

the molar concentration for CDj, with Smith strain
S. aureus in the i vivo mice experiments and the mini-
mum inhibitory molar concentration for the n vitro
tests on bacteria. Human serum was used in the
vitro experiments. The number of points used in ob-
taining the constants via the least-squares method is
represented by n; r is the correlation coefficient, and
s is the standard deviation. It was shown by regression
analysis that electron density on the ring as measured
by Zo for the substituents had no detectable effect on
the biological activity.

Comparison of eq. 1 and 2 reveals that the slopes of
the curves have the same dependence on the lipophilic
character of the substituent (7). By definition,?
a negative value of 7 for a substituent X indicates a
preference with respect to H for the aqueous phase,
and a positive value indicates a preference for the lipo-
philic phase. The negative sign associated with the =
terms in eq. 1 and 2 means that increasing the hydro-
philic character of the substituent increases its activity.
Thus, as we pointed out,? using substituents such as
—S0,CH;, —CN, or —CH,OH which are quite hydrophilie
and possess negative values*s for = would result in
higher activity for compounds in the series Ia.

Recently, Sheehan® has published a summary of the
activity of penicillins related to methicillin (Ib).
These derivatives were also tested on resistant and
nonresistant S, aureus in the presence and absence of

(3) C. Hansch and T, Fujita, J. Am. Chem. Soc., 86, 1616 (1964).
(4) T. Fujita, J. Iwasa, and C. Hansch, tbid., 88, 5175 (1964).
(3) T.Iwasa, T. Fujita, and C. Hansch, J. Med. Chem., 8, 150 (1965).

(6) J. C. Sheehan, “Molecular Modification in Drug Design,'" American
Chemical Society, Washington, D. C., 1964, p. 15.
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serun. Unfortunately, quantitative results were given
tor the resistant scries only in the presence of scerun,
From lis data (Table I) we have derived the following

TaBLE ]
OBSERVED AND CALCULATED ACTIVITY OF 2,6-1)1sLKONY-
PHENYLPENICILLINS 1IN THE PRESENCE OF SERUM
S. aurcws

fresistant)
log (1. O)

No. X N SEY T Obsd”  Caled. !
t CH; H P00 0 1.945  1.531
2 C.H, H 2.00 0 o395 1287
3 CsH, H 4.26 0 0.609  (.734
4 CeH;CH, H 3.80 V] 0.638  0.357
5 CsHs(CH,), H G.32 0 0.063 0.230
0 CH; 3-Cl1 .56 0.34 1.709 1.030
{ CH; 3-OCH; to12 0.12 1.702 1.708
8 CH, 4-0CH;  0.96 —0.27T 0.795  1.077

o Nee stmielure 1. # See test for caleulation of 2z, < Taken
from data of Sheehan. Hix values reported ax v/mlb. were con-
verted to moles/1. 4 Caleulated from eq. 4.

equations for the tests on resistant bacteria in the
presence of serum.  Since substituent constants are

n r &
1
log 7, = —0.2407 + 1528 S 0823 0.412 (D
1 oAz - - , . \
log P —0.2457r — 1.7200 + 1.076 SO0.09200 0.205 (4)
|
log o= +0.0107% — 0.3167 + 1.760 + 1.853

NO0.930 0.32% ()

not available for all of the functions in Table I, we
have had to make certain assumptions. It is assumed
that all of the OX; groups (Ib) have the same clec-
tronic cffect on the ving and carbonyl group. Since
all molecules have two such groups, & was given a refer-
ence value of zero for these groups and only ¢ for X,
was used in the caleulations.  The only group likely to
be slightly out of line with this assumption is OCsHs.
IFor w-values we have used those taken from phenoxy-
acetic acidst except for benzyl and phenylethyl which
were developed from data in a later report.>  To calcu-
late the value of 7 for the benzyl and phenethyl groups
we have subtracted the value of —1.80 for = for ali-
phatic OH from log P for benzyl alcohol (1.10) and
log P for phenethyl aleohol® (1.36). Thus, Zx for

-

derivative 5 in Table I was calculated as follows.
Sr = 2(1.36 + 1.80) = 6.52 {(G)

I'rom the data in Table I we have derived eq. 3-9
by the method of least squarves. Of these equations,
4 provides the simplest rationalization of the variance
in biological activity. Most interesting is the fact
that biological activity shows a similar dependence on
T in eq. 14,

The fact that the =term has a negative coefficient
in each series of penicilling shows that the parent side
chalus [CeHsOCH(CHg)CO n Ia and 2,6-(CH30)2-
CiH;3CO i Ib] are already too lipophilic for maximum
activity. Unfortunately, both Gourevitch, et al.,
and Sheehan were concerned only with functions hav-
ing positive values for . The above equations clearly
indicate the disadvauntage of such groups in the prescuce
of serum.
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In eq. I and 2, the addition of the o-term did not
result in hmproved correlation; however, ¢ does seem
to play a role in the benzoice acid derivatives where the
substituents are not insulated from the carbonyl group.
A posttive value for the o-term indicates that groups
which decrease the eleetron density on ov in the region
of the carbonyl group promote activity.  The -
portance of ¢ must be accepted with some reservation
since only three derivatives were used to evaluate this
offect.

Our previous analysis® leads to the conclusion that
bulky substituents in the side chaiun serve to prevent
opening of the lactam ring. Keeping in mind that
large groups will help shield both the amide hnkage
and the lactam ring, and that these groups should he
much more hydrophilic than phenyl, a number of new
approaches for improving the activity of these two
classes of penicilling arce evident.  Of course, funetions
such as =SO.CHy (7 = —0.50, ¢ = 40.60) could be
used to advantage.  However, the phenyl group has
such a large m-value (~2) that stable heterocyelic
functions would make much better starting points.
Pyridine (og /2 = 0.65), imidazole, or other nitrogen
or oxyvgen heterocycles would be much more hydro-
philie, and should give derivatives of much greater
activity 111 the presence of serum.

Incereasing the hydrophilic character of the penicillins
will be even more important when they are being de-
signed for use against gram-negative bacteria.  Analy-
six of the mechanism of action of phenols® against
gram-positive and gram-negative bacteria showed that
optimal Hpophilic character for the phenol coeflicient
for the latter group is very much lower than for the
formet.
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Morce than half @ century ago, Curtius® described the
synthesis of hydrazides of dicarboxylic neids.  Such
derivatives were studied later for their sweet taste,
in the scarch for a succharin substitute.?  More
recently, it appeared that hydrazides of malonic and
other dicarboxylic acids might have tuberculostatic

(1) (a) This work was supported by & grant given by the Institnt National
de la Santé et de 1a Recherchie Médicale. (b) To whom inquiries should be
addressed.

(2) (a) T. Curtius, J. prakt. Chem., [2] 91, 1 (1915); (b) ‘T Curtius and
11. Clemm, id., 82, 189 (1900): () 'I'. Curtins, G. Rchifer, and N. Kchwaunn,
whid., 61, 180 (1845).

¥3) (a) J. 1. Blanksma and 11, N, DPakels, Ree trar chim., 68, 107 (193902
by J. 7. Blanksma and H. doe Graaf, id,, 87, 3 (1938).


-O.24.y7r

