Figure 1—Separation of the di-
tazole derivative (2) from thein-
ternal standard, diazepam (1).

/)

Ditazole also was found in high concentration in the liver 5 min after
treatment; ditazole levels in the liver decreased with a slope similar to
that seen in the brain. The heart levels, with a maximum at 5 min, de-
creased rapidly so that only small amounts were detected 1 hr after
treatment.

Small amounts of ditazole were found in the adipose tissue, with a
maximum of 5 ug at 30 min after administration. No measurable amounts
were present after 1 hr.

The pharmacokinetic parameters of ditazole in rat blood following a
20-mg/kg iv administration were calculated using the NONLIN program
(8) on a digital computer’. The apparent ditazole half-life in the rat blood
was 41 min, its distribution volume was about 2 liters/kg, and its clearance
was about 0.03 liter/kg/min. Areas under the blood ditazole concentra-
tion—time curves at time 0 and = were 490 and 578 ug/ml X min, respec-
tively.

5 UNIVAC 1106.

Table I—Ditazole Levels® in the Blood, Brain, Liver, and
Adipose Tissue of Rats after Admlmstratlon of 20 mg/kg iv

Minutes
after Adipose
Ditazole Blood, Brain, Heart, Liver, Tissue,
Adminis- yg/ml +  ug/g+ ug/g £ ug/g = nglg +
tration SE SE SE SE SE
5 8710 79740 184+02 296+10 34%0.1
30 49+07 154410 102405 247407 5.0+05
60 3.6+0.7 7.6+0.3 1.7+£02 70+£07 11+£01
120 1.5+04 26 0.1 <0.4 25+0.3 <0.4
240 <0.4 <0.4 <0.4 <04 <0.4

2 Bach figure is the average of at least four determinations.

Studies on ditazole metabolism in rats after intravenous administration
are lacking. Marchetti et al. (5) reported that ditazole elimination oc-
curred slowly through urine and feces after oral administration; most of
the drug was excreted unchanged. Among its metabolites, 4,5-diphe-
nyl-4-oxazolin-2-one, 4,5-diphenyl-2-(2-oxyethyl)aminoxazole, and benzil
were identified. Preliminary in vitro studies on ditazole metabolism by
rat liver microsomal enzymes indicate that this drug is metabolized into
two or three compounds not yet identified.

It is well known that drugs and other foreign compounds combine with
hepatic cytochrome P-450 to produce difference spectra of two general
types, [ and II (9). With hepatic cytochrome P-450, ditazole gave a type
II spectrum with Apay and Amiy, falling within the usual range.
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Abstract 00 The antibacterial activity of a series of amino- and fluo-
rinated acridines was studied in the framework of their electronic
structures. To calculate the electronic structure, a simple Hiickel mo-
lecular orbital theory was used. A statistical regression analysis revealed
linear correlations between the activity and the electronic indexes, par-
ticularly the electron density at the ring nitrogen.

Keyphrases O Acridines, various—antibacterial activity related to
electronic structure O Antibacterial activity—various acridines, related
to electronic structure 0 Electronic structure—various acridines, related
to antibacterial activity O Structure-activity relationships—various
acridines, antibacterial activity related to electronic structure

The antibacterial activity of acridines has been found
to be proportional to the fraction ionized as the cation
(1-3). The simplest interpretation of the mode of action
of acridine cations is that they compete with hydrogen ions
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for a vitally important anionic group on the bacterium (4).
The vital activity of the vulnerable anionic group (A~) of
the bacterium is supposed to be reduced by the formation
of a feebly dissociated complex (ABH) with the cation



Table I—Electronic Parameters for Regression Analysis and Observed and Calculated Antibacterial

Activity of Aminoacridines

log 1/C log 1/C
Substituent gN G4a (5a Obs. (3) Calc. (Eq. 7) Calc. (Eq. 4) AE Cale. (Eq. 10)

4-Amino 1.234 0.966 0.961 3.699 3.884 4.012 2.537 3.968
2-Amino 1.239 0.964 0.961 4.000 4,047 4,119 2.543 4.089
3-Amino 1.256 0.957 0.958 4.903 4.490 4.485 2.562 4.475
9-Amino 1.294 0.959 0.959 5.204 5.216 5.301 2.604 5.328
4,5-Diamino 1.224 0.970 0.970 <3.699 3.913 3.797 2.531 3.846
2,7-Diamino 1.236 0.968 0.968 4.301 4.135 4.055 2.542 4.069
3,7-Diamino 1.253 0.961 0.965 5.204 4.578 4.420 2.560 4.435
3,6-Diamino 1.270 0.958 0.958 5.204 4.734 4.785 2.576 4.759
3,9-Diamino 1.305 0.960 0.960 5.204 5.441 5.537 2.615 5.561
4-Amino-5-methyl 1.232 0.967 0.963 <3.699 3.891 3.969 2.536 3.947
2-Amino-9-methyl 1.248 0.965 0.962 4.301 4,232 4.313 2.585 4.333
9-Amino-2-methyl 1.293 0.960 0.960 5.204 5.204 5.279 2.603 5.308
9-Amino-3-methyl 1.296 0.959 0.959 5.204 5.256 5.344 2.606 5.368
9-Amino-4-methyl 1.291 0.948 0.958 5.505 5.471 5.236 2.600 5.247
9-Amino-3-chloro 1.289 0.960 0.959 5.204 5.085 5.193 2.599 5.226
9-Amino-2-chloro 1.295 0.954 0.958 5.204 5.357 5.322 2.602 5.287
9-Amino-4-chloro 1.297 0.948 0.958 5.204 5.589 5.365 2.602 5.287
2-Amino-6-chloro 1.234 0.957 0.958 <3.699 4.055 4.012 2.538 3.988
3-Amino-9-chloro 1.234 0.964 0.963 <3.699 4.027 4.012 2.541 4.049
3-Amino-6-chloro 1.251 0.959 0.958 4.602 4.327 4.377 2.557 4.374

(BH™) of the drug. The more feebly the complex is disso-
ciated into A~ and BH™ ions, the greater is the reduction
in the vital activity of the anion. The dissociation of the
complex is suppressed only when the cation (BH?) is
present in excess. Therefore, the activity of the drug (B)
depends on its degree of cationization as BH.

BACKGROUND

Since the cationization of the acridines largely depends on the electron
density of their ring nitrogen, ¢ (the greater the gy, the more the at-
traction for protons), it is expected that a correlation must exist between
their antibacterial activity and ¢n. The electron density is calculated by
using a simple Hiickel molecular orbital (HMO) method.

In the HMO method, the coulomb integral for a heteroatom x, «y, is
defined as:

@ = g t+ h.xﬁ() (Eq 1)
and the resonance integral for a bonded pair of carbon and heteroatom,
Bex, is defined as:

Bex = kcxﬁo (Eq 2)
where «p and 8¢ are the standard coulomb and resonance integrals for
the carbon atom and the carbon-carbon bond, respectively; and h, and
kex are the semiempirical parameters under discussion. The values of
these parameters for the present purpose have been taken from the lit-
erature (5).

If some heteroatoms were adjacent to a carbon atom, the coulomb in-
tegral for that carbon atom was taken as:

adj
a. = ag+ 0.1 Z| hyBo (Eq. 3)

Equation 3 takes into account the inductive effect produced on the carbon
atom by heteroatoms (6). The methyl group was treated as a hypercon-
jugation model.

The molecular orbital techniques have been successfully utilized in
drug research (7). Like several physicochemical parameters, such as
hydrophobicity, partition coefficients, and polarizability (8-13), many
molecular orbital indexes (e.g., charge density, free valence, delocalization
energy, and energies of the highest occupied and lowest unoccupied
molecular orbitals) have been found (7, 14-17) to be well correlated with
biological responses of organic compounds. Recently, a new molecular
parameter, known as molecular connectivity, was shown (18-23) to
possess significant correlations with many physical properties and bio-
logical activities of compounds. The molecular connectivity index, x (24),
signifies the degree of branching or connectivity in a molecule.

RESULTS AND DISCUSSION

Table I gives the calculated electron densities at the ring nitrogen and
the two neighboring carbon atoms (4a and 5a) of the bridges as well as
the antibacterial activity for a series of aminovacridines. Similarly, Table
II gives the same values for a series of fluorinated acridines. In Table I,
log 1/C [C is the minimal bacteriostatic concentration (3) for Strepto-
coccus pyogenes after 48 hr of incubation in 10% serum broth at 37° and
pH 7.3], as expected, appears to be linearly correlated with gn. Likewise,
the mean K.D. time!, ¢, in Table II appears to be proportional to gn. A
regression analysis (25) reveals the following three equations relating
biological responses with gn:

log 1/C = 21.48¢n — 22.478

n=20 r=0896 s=0309 Flg=7330 (Eq. 4)
ty = 142.8qn — 168.23

n=33 r=0605 s=1419 Fi =1791 (Eq. 5)
t> = 158.0gN — 185.64

n=233 r=0551 s=1806 F} =1355 (Eq. 6)

The statistical parameters, r, s, and F (F ratio between the variances of
the calculated and observed activities) show that correlation between
gn and log 1/C is highly significant. In Eq. 4, F is highly significant at the
99% level {Flg (0.01) = 8.28]. In Eqs. 5 and 8, F also is significant at the
99% level [F; (0.01) = 7.53] but not as highly as in Eq. 4. In the latter two
equations, the correlation coefficient is also comparatively low (the cor-
relation between log ¢t and gn was still less significant). The calculated
values of activity from these equations are listed in the respective tables.
There is good agreement between the calculated and observed values.

With acridines, gn appears to be most important. The inclusion of g4,
and ¢s,, the electron densities at the nearest neighbors of nitrogen that
might affect the degree of cationization, in the regression analysis makes
no significant improvement in the correlation in any case (compare the
statistical parameters of Eqs. 7-9 with those of Eqs. 4-6, respectively,
and the results obtained with them):

log 1/C = 19.77qN ~ 82.10q4a + 39.42g5s — 27.34

n=20 r=0910 s=0305 Flg=24.34 (Eq.T)
t1 = 147.5gN — 29.96q4, + 14.25q5, — 158.72

n=33 r=0638 s=142 Fi=6.11 (Eq. 8)
to = 159.99n — 32.20q 44 + 9.66g5, — 166.10

n=33 r=0.58 s=182 Fi3=469 (Eq. 9)

With aminoacridines, one more independent electronic index, delo-
calization energy, can be correlated with the activity. Since the amino-

1 K.D. time stands for knockdown time of cockroaches after injecting the com-
pound.
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Table II—Electronic Parameters for Regression Analysis and Observed and Calculated Antibacterial Activity of Fluorinated

Acridines
Mean K.D. Time, ¢; (hr), Mean K.D. Time, ts (hr),
0.5% Concentration 0.1% Concentration
Substituent gN G4a Qsa Obs. (26)¢ Calc. (Eq.5) Calc. (Eq.8) Obs. (26) Calc. (Bq.6) Calc. (Eq. 9)
5-Chloro-3-fluoro 1.240 0.957 0.946 11.00 8.75 8.84 13.00 10.13 10.28
5-Chloro-8-fluoro 1.242  0.956 0.946 10.50 9.03 9.17 12.00 10.45 10.63
5-Chloro-6-fluoro 1.241 09556 0.947 10.00 8.89 9.06 12.00 10.29 10.51
5-Chloro-3,6-difluoro 1.234 0956 0.947 9.00 7.89 8.00 10.00 9.18 9.36
5-Chloro-3,8-difluoro 1.236 0.957 0.946 10.00 8.17 8.25 12.50 9.50 9.64
5-Amino-3-fluoro 1.227 0963 0.966 9.50 6.89 7.03 10.75 8.08 8.20
5-Amino-8-fluoro 1.228 0.962 0.966 9.00 7.03 7.20 10.50 8.24 8.39
5-Amino-6-fluoro 1.227 0961 0.966 8.50 6.89 7.09 9.50 8.08 8.26
5-Amino-3,6-difluoro 1.220 0.963 0.966 7.00 5.89 6.00 9.00 6.97 7.08
5-Amino-3,8-difluoro 1.222  0.963 0.965 7.50 6.18 6.28 9.50 7.29 7.39
3-Fluoro-5-phenoxy 1.232  0.960 0.958 8.00 7.60 7.74 9.00 8.87 9.02
8-Fluoro-5-phenoxy 1.234 0960 0.958 8.00 7.89 8.04 9.50 9.18 9.34
6-Fluoro-5-phenoxy 1.232  0.959 0.959 7.00 7.60 7.79 8.00 8.87 9.06
3,6-Difluoro-5-phenoxy 1.226  0.959 0.958 7.00 6.75 6.89 8.50 7.92 8.09
3,8-Difluoro-5-phenoxy 1.227 0.961 0.958 6.50 6.89 6.97 8.00 8.08 8.19
3-Fluoro-5-p-fluorophenoxy 1.232  0.960 0.958 7.00 7.60 7.74 8.50 8.87 9.02
8-Fluoro-5-p-fluorophenoxy 1.230 1.060 1.031 6.50 7.32 5.79 7.50 8.55 6.51
6-Fluoro-5-p-fluorophenoxy 1.232 0959 0.959 6.00 7.60 7.79 6.50 8.87 9.06
3,6-Difluoro-5-p-tluorophe- 1.226  0.960 0.959 6.50 8.75 6.87 8.50 7.92 8.07
noxy
3-Fluoro-5-phenylamino 1.228 0.963 0.963 5.75 7.03 7.13 6.50 8.24 8.33
8-Fluoro-5-phenylamino 1.229 0962 0.964 5.50 717 7.32 6.50 8.39 8.53
8-Fluoro-5-phenylamino 1.227  0.975  0.953 5.50 6.89 6.48 7.00 8.08 7.69
3,6-Difluoro-5-phenylamino 1.222 0977 0.952 5.50 6.18 5.67 5.75 7.29 6.81
3,8-Difluoro-5-phenylamino 1.223 0963 0.963 6.00 6.32 6.40 6.25 7.45 7.53
3-Fluoro-5-p-fluorophenyl- 1.228 0963 0.963 5.00 7.03 7.13 5.00 8.24 8.33
amino
8-Fluoro-5-p-fluorophenyl- 1.229 0962 0.963 4.50 717 7.31 5.50 8.39 8.52
amino
6-Fluoro-5-p-fluorophenyl- 1.228 0.961 0.964 5.00 7.03 7.21 6.00 8.24 8.41
amino
3,6-Difluoro-5-p-fluorophe- 1.221 0.963 0.964 5.50 6.03 6.11 575 713 7.22
nylamino
3,8-Difluoro-5-p -fluorophe- 1.204 0963 0.961 5.00 3.60 3.56 6.00 4.41 4.47
nylamino
3-Fluoro-5-a-naphthylamino 1.228 0.963 0.963 8.00 7.03 7.13 9.00 8.24 8.33
8-Fluoro-5-a-naphthylamino 1.229 0962 0.963 7.00 7.17 7.31 8.50 8.39 8.52
6-Fluoro-5-a-naphthylamino 1.245 0976 0.943 8.00 9.46 8.97 8.50 10.92 10.44
3,6-Difluoro-5-a-naphthyl- 1.228 0975 0.943 6.00 7.03 6.49 8.00 8.24 7.75

amino

@ The activity is against male and female cockroaches.

acridine cations exhibit the resonance phenomenon as shown in Scheme
1, the degree of cationizations of aminoacridines depends (27) on the extra
stabilization the cations gain by this resonance (delocalization). Hence,
the difference in the delocalization energies of the ionized and unionized
forms of aminoacridines, ADE, should be proportional to their activity.
For the aminoacridines listed in Table I, ADE can be replaced by AE 3,
the difference in the 7-bond energies of their ionized and unionized forms,
because all of these compounds have the same number of delocalized
bonds of one kind in either form. A regression analysis reveals the fol-
lowing equation correlating log 1/C with AE 5:

log 1/C = 20.52 AE,;, — 48.08

n=20 r=0897 s=0307 Flg=7442 (Eq. 10)

The statistical parameters of Eq. 10 are almost equal to those of Eq. 4,
and the results obtained by the two equations nearly tally with each other.
The reason is that a nearly perfect correlation exists between gn and
AE.p (inEq.11,r = L and s = 0.0):
AE ., = 1.057gn + 1.235
n=20 r=0998 s=0001 Flg=6299 (Eq. 11)

This result also shows that, from the antibacterial activity point of view,
gn is more important for acridines than the charge at any other atoms.

+
NH, NH,
OO0~ 1 IO
N3 N
H H
Scheme [
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This electronic index can be successfully utilized to predict the anti-
bacterial activity of any acridine before its synthesis.
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Abstract 0 4-Ethoxycarbonyl analogs of cyclophosphamide and its
five-membered ring homolog were synthesized utilizing the cyclization
method previously described. N,N-Bis(2-chloroethyl)-4-ethoxycar-
bonyl-1,3,2-0xazaphospholidin-2-amine 2-oxide demonstrated activity
against L-1210 lymphoid leukemia whereas N,N-bis(2-chloroethyl)-4-
(ethoxycarbonyl)tetrahydro-2H-1,3,2-oxazaphosphorin-2-amine 2-oxide
did not. The oxazaphosphorin-2-amine was evaluated against human
epidermoid carcinoma of the nasopharynx (cell culture). The results again
were negative: EDso = 2.8 X 10.

Keyphrases O Cyclophosphamide analogs—synthesized, antitumor
activity evaluated O Antitumor activity—evaluated in cyclophosphamide
analogs O Structure-activity relationships—4-ethoxycarbonyl cyclo-
phosphamide analogs evaluated for antitumor activity

Previous studies demonstrated that cyclophosphamide
is an active antitumor agent (1). The active principle re-
sponsible for significant inhibitory activity against Yashida
sarcoma in rats and L-1210 leukemia in mice is 4-hydrox-
yeyclophosphamide (1, 2). Compounds such as N,N-
bis(2-chloroethyl) -4- ethoxycarbonyl -1,3,2- oxazaphos-
pholidin-2-amine2-oxide (I) and N,N-bis(2-chloroethyl)-
4-(ethoxycarbonyl)tetrahydro -2H - 1,3,2-oxazaphospho-
rin-2-amine 2-oxide (II) were readily synthesized, as de-
scribed previously (3), by reaction of N,N-bis(2-chlo-
roethyl)phosphinamide dichloride (III) with DL-serine
ethyl ester hydrochloride and DL-homoserine ethyl ester
hydrochloride, respectively, in the presence of triethyl-
amine (Scheme I). All products were isolated as oils. Ele-
mental analysis data of I and II are shown in Table 1. The

antitumor activity of I and II was evaluated on the basis
of survival! (Table II).

EXPERIMENTAL?

Compound I—DL-Serine ethyl ester hydrochloride, 1.25 g (0.002
mole), was dissolved in warm dioxane and 4 m! (0.029 mole) of triethyl-
amine and then added slowly to a solution of 2.43 g (0.009 mole) of I1I in

! National Cancer Institute Drug Research and Development, National Institutes
of Health, Bethesda, MD 20014.

2[R spectra were run on a Perkin-Elmer 247 spectrophotometer. Elemental
analyses were performed by Galbraith Laboratories, Knoxville, Tenn.
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Table I—Physical Data for the 4-Ethoxycarbonyl
Cyclophesphamide Analogs
Analysis, %
Compound  Yield, % Formula Cale.  Found
1 35.4 CgH17CI:N.O4P C 33.87 33.42
H 5.37 5.43
Cl 22.71 22.38
N 8.717 8.41
P 9.70 9.60
IT 23.1 CioH1gCLNO4P C 36.05  36.04
H 5.75 5.21
Cl 21.28 21.13
N 8.40 8.68
P 9.29 9.45

dioxane while being stirred under a nitrogen atmosphere. The mixture
was stirred overnight at room temperature.

The reaction mixture was then filtered, and the solvent was evaporated
under reduced pressure. Separation on magnesium silicate® gave 1.5 g

3 Florisil.
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