Table I—pH Levels of Isopropyl Myristate Prepared by Three
Methods and Corresponding D Values of Pseudonmonas
aeruginosa

D Value, min

Room
Method pH Temperature 47°

USP XX Column-filtered

A 6.7 >60.0 8.0

B 6.6 >60.0 9.3
Batch-Swirl

A 6.7 >60.0 12.1

B 6.3 >60.0 11.6
Untreated

A 4.0 114 <10.0

B 3.7 10.0 <10.0

RESULTS

The pH levels of the untreated isopropyl myristate, the USP XX col-
umn isopropyl myristate, and the batch-swirled isopropyl myristate are
shown in Table I. The D values of P. aeruginosa obtained at room tem-
perature and at 47°, which correspond to the three methods of prepara-
tion of isopropyl myristate, are also shown.

The approximate time required to filter isopropyl myristate and the
rinsing fluids, A and D, through various membranes are given in Table
I1. The acetate cellulose membrane* and the polyester membrane® showed
the fastest flow rates for the 0.2-um membrane: 2 min for isopropyl my-
ristate with both filters and 3 and 5 min, respectively, for rinsing fluids
A and D. An oily film was noted on the polyester membrane after filtra-
tion of the isopropyl myristate and rinsing fluids A and D, regardless of
pore size.

The flow rates of both the 0.2-um mixed cellulose acetate-pyroxylin
and the pyroxylin membranes exceeded 2 hr for the rinsing fluids. All of
the 0.45-um membranes had acceptable flow rates for isopropyl myristate.
Flow rates for the rinsing fluids (pyroxylin, 20 min and cellulose ace-
tate-pyroxylin, 19 min) were not acceptable.

DISCUSSION

The batch-swirl method for detoxification of isopropyl myristate used

4 Sartorius Filters, Inc., Hayward, Calif.
& Nucleopore, Pleasanton, Calif.

Synthesis and Antitumor Testing of

Table [I—Comparison of Flow Rates for Membrane Filters Used
in the Filtration of Oils and Ointments

Flow Rate, min®

Isopropyl

Mpyristate Fluids A and D

0.2 0.45 0.2 0.45

Membranes umP  pum? um?  umb
Acetate Cellulose 2 1 3 I
Cellulose Nitrate 3 1 >120 20
Polyester 2 1 5 2
Mixed Esters of Cellulose 3 1 83 2
Polycarbonate 4 1 14 3
Mixed Cellulose Acetate~Pyroxylin : 1 >120 19

a Approximate time. ¥ Pore size of membrane.

in the analysis of oils and ointments was simpler and faster than the USP
XX method, i.e., 1 hr versus 8 hr for the detoxification process. In the
batch-swirl method, filter sterilization immediately followed the stirring,
with no need for centrifugation. The pH of the isopropyl myristate pre-
pared by the batch-swirl method met the requirements of the USP XX,
and D values of the test organisms were comparable to those obtained
by the USP XX method.

Use of cellulose acetate filters rather than 0.22- and 0.45-um mixed
cellulose acetate-pyroxylin membranes reduced the analysis time. Rapid
filtration reduced the exposure time of microbial contaminants to the
toxicity of isopropyl myristate and, thus, provided greater probability
of their detection.
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Abstract O Treatment of thiochroman-4-one-1,1-dioxide (II) with
paraformaldehyde and dimethylamine hydrochloride in isopropyl alcohol
at reflux afforded directly in 89% yield the dimeric dihydropyran (1V),
corresponding to the dimerization of the target compound 3-methenyl-
thiochroman-4-one-1,1-dioxide (IIT). Neither the monomer I1I nor the
expected Mannich base, 3-dimethylaminomethylthiochroman-4-one-
1,1-dioxide, were isolated under conditions of the reaction. The monomer
111 could be prepared in 55% yield by sublimation of the dimer IV at
230-250°; however, redimerization slowly occurred at room temperature.

The dimer 1V was also prepared by the use of paraformaldehyde and
N-methylanilinium trifluoroacetate. The monomer III was found to be
marginally active at 10 mg/kg/day versus Ehrlich ascites tumor growth
in mice.

Keyphrases O Antitumor agents—3-methenyvithiochroman-4-one-
1,1-dioxide, synthesis, testing, dimerization, mice O «-Methenyl carbonyl
function—alkylating molety in some antitumor agents, synthesis of 3-
methenylthiochroman-4-one-1,1-dioxide

The presence of a ring system containing an «-methenyl
carbonyl function is important as an alkylating moiety in
some antitumor agents (1-5). So called quinone methides
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(1-3), -methenyl derivatives of quinones, are thought to
be active metabolic intermediates in alkylation mecha-
nisms. In general, the stability of the c-methenyl carbonyl
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function is variable, depending on substitution (3). In
working with novel compounds containing the thiochro-
mone-1,1-dioxide (I) and thiochroman-4-one-1,1-dioxide
(IT) ring systems (8), it became desirable to synthesize the
3-methenyl derivative (III) (Scheme I), the sulfone analog
of a naphthoquinone methide, as a potential antitumor
agent of the alkylating type and a possible active metab-
olite of previously reported compounds (6). The synthesis,
testing, and dimerization of III is the subject of this
study.

0 o

SO, 80,

EXPERIMENTAL!

Sulfone Dimer (IV) (Method A)—Compound IV was formed by a
modification of the method of Welch, et al. (7). A suspension of 7.76 g
(39.6 mmoles) of 11, 2.86 g (35.6 mmoles) of dimethylamine hydrochloride,
2.5 g (30 mmoles) of paraformaldehyde, and 0.72 ml of saturated hydrogen
chloride-isopropyl alcohol solution in 25 ml of isopropyl alcohol was re-
fluxed for 24 hr at 75°. At the end of this period a fine, white precipitate
had formed. The suspension was cooled, filtered, and the solid washed
with isopropyl alcohol and ether, then recrystallized from dimethyl-
formamide. A white powder resulted with a melting point of 249-250°
(yield 7.5 g, 89%).

Anal.—Calec. for CooH,506Ss: C, 57.39; H, 4.34. Found: C, 57.45; H, 4.22.
IR: 1700 (C==0), 1300 (S=0, antisymmetrical), 1145 (=0, symmetrical)
cm~!; NMR (acetone-dg): & 2.52 (s, 2, —C—CHy—C—), 2.83 (s,
2, —OCHy—), 4.10 (s, 2, 2'H), 4.39 |s, 2, 2 (1)}, 7.57-8.30 (m, 8, 5-8H,
5-8'H) ppm.

Sulfone Dimer IV (Method B)—Compound IV was also synthesized
by a modification of the method of Gras (8). Paraformaldehyde (1.08 g,
12 mmoles), N -methylanilinium trifluoracetate (2.25 g, 10 mmoles), and
(I1) (1.96 g, 10 mmoles) were added to 12 ml of dioxane (dried over po-
tassium hydroxide, then distilled from sodium metal). The mixture was
refluxed for 2 hr under nitrogen, cooled, and 1.125 g (5 mmoles) of N-
methylanilinium trifluoracetate, 0.54 g (6 mmoles) of paraformaldehyde,
and 16 ml of dioxane were then added. The mixture was refluxed an ad-
ditional 2 hr, allowed to cool, then extracted with chloroform, washed with
a 2.5% sodium bicarbonate solution, dried over magnesium sulfate, and
evaporated. The resulting white powder was dissolved in dimethyl sulf-
oxide and crystals formed as water was added. The product was collected
and dried in vacuo at 100°, yielding 500 mg, 30%.

3-Methenylthiochroman-4-one-1,1-dioxide (III)—Compound 1V,
the dimer, (200 mg, 0.48 mmole) was placed in a sublimation apparatus
and sublimed at 230-250° (1 mm Hg). On the condenser appeared a
mixture of Compounds III and IV. Compound III could be purified by
either repeated sublimation or column chromatography on silica gel
eluted with chloroform, the monomer I1I eluting before the dimer IV. On
immediate solvent evaporation and freezing in a desiccator, compound

11 remains relatively stable; yield: 110 mg (55%) observed mp 248-250°.
TLC: silica gel, CHCl3, Ry = 0.26. IR: 1699 (C=0), 1665 (C=C, conju-
gated), 1300 (§=0, antisymmetrical), 1145 (S=0, symmetrical) cm™;
NMR (CDCl3): 6 4.42 (s, 2,2H), 5.89 (d, 1,J = 1 Hz,=CH>), 6.65 (d, 1,
J = 1Hz, =CHjy), 7.5-8.32 (m, 4, 5-8H) ppm.

In Vivo Ehrlich Ascites Screen-—All test compounds were homog-
enized in 0.05% polysorbate 80 and administered in doses ranging from
5 to 20 mg/kg/day ip. Tumor cells (2 X 10%) were injected into CF; male
mice (~25 g) on day 0 (n = 8). Test compounds were administered in-
traperitoneally on days 1-8. On day 9 the mice were sacrificed and peri-
toneal ascites cell volume and packed cell volume (ascites-crit) were de-
termined by the method of Piantadosi et al. (9). Results of this screen
are reported as percent inhibition calculated by the following:

_ [(vol of treated)(ascrit of treated)]
l(vol of control)(ascrit of control)]

% inhibition = 100 X 100

(Eq. 1)

6-Mercaptopurine was used as an internal standard. Six to eight mice
were used per test compound, and >80% inhibition was considered sig-
nificant.

RESULTS AND DISCUSSION

The classical synthetic approach to compound IIl involves Mannich
base formation alpha to the carbonyl of II followed by base-catalyzed
amine elimination. However, attempts to form the Mannich base (7) of
II using dimethylamine hydrochloride and paraformaldehyde under
acidic conditions (i.e., the acid-catalyzed enol of 11 serving as a nucleo-
phile) afforded an insoluble high-melting neutral product which was
identified by NMR as the dihydropyran type dimer, IV (Scheme I).
Compound 1V resulted from the initially formed 111, the desired product,
which was formed either by spontaneous amine elimination (7) from the
Mannich base or direct reaction with the hydroxycarbenium ion of pro-
tonated formaldehyde with no involvement of the amino species (10).
Subsequently, a Diels-Alder type 1,4-addition of one molecule of 111 to
the exomethylene group of another molecule of III occurred, forming the
dihydropyran ring system of 1V. High temperature was required to re-
verse the dimerization. Formation and subsequent isolation of Il was
accomplished by sublimation of IV at 230-250° (1 mm Hg), followed by
rapid column chromatography of the material appearing on the con-
denser. Good yields of IV were obtained from II (89%), however, a poorer
yield of III (55%) resulted in the reversal step. Furthermore, at room
temperature and/or in the presence of solvent, III redimerized completely
within 48 hr. The identical observed melting points for Il and IV
(248-250°) resulted from redimerization of I1I on slow heating, as indi-
cated by TLC.

Specific reagents for preparing «-methenyl ketones provided an al-
ternate method for the synthesis of III (8, 11, 12). Use of one of these
agents, N-methylanilinium trifluoracetate (8) afforded IV as well. In
anticipation of the same result, no other reagent was tried. [t was of in-
terest that this 3-exomethylene derivative of 111 is isolable in the thio-
chroman-4-one-1,1-dioxide series. This appeared not to be the case with
the naphthoquinone methides previously generated, which required
trapping (3). Isolability of such a reactive intermediate as III opens a route
to the synthesis of a wide variety of novel 3-substituted thiochroman-
4-one-1,1-dioxides via Michael, Diels-Alder, or 1,3-dipolar type reac-
tions.

Freshly prepared and analyzed compound I1I, immediately tested at

0
A. CH,0, (CH,),NH-HCl, HCl CH, room temp.
I - - D e ——
* 30 230-250°
B. CH,0, C,H,NH,CH, "OOCCF, )
I11
Scheme [

L All melting points were taken on a Thomas-Hoover capillary melting point
apparatus and are uncorrected, TLC was performed on precoated plates (silica gel
60-F-254, EM reagents) with fluorescent backing. The plates were visualized by
UV light. Elemental analyses were done by Atlantic Microlab, Atlanta, Ga., and
agreed with theoretical values within +£0.4%.
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Infrared spectra were obtained in NUJOL using a Perkin-Elmer Model 297 IR
spectrophotometer. Photon NMR spectra were taken on a JEOLCO JNM-FX60
using tetramethylsilane as an internal standard. All IR and NMR spectra were
completely consistent with assigned structures. Starting materials were used as
received from suppliers unless otherwise indicated.



Table I—Effects of Test Compounds on Ehrlich Ascites Carcinoma® Growth

Dose, Survival at Ascites Volume,
Compound mg/kg/day ip Day 9 Ascrit® Mouse Inhibition¢, %

0.05% Polysorbate 80 34/40 33.6 £ 8.7 1.8 £1.02 0.0
vd 5 8/8 22.0 2.45 57.1
10 8/8 0.0 0.0 100.0

20 8/8 35.7 0.88 81.8

111 10 8/8 43.8 0.15 80.0
v 10 6/6 21.2 2.2 0.0
6-Mercaptopurine® 200 6/6 0.3 0.7 99.6

@ 2 X 108 cells were injected intraperitoneally into 6 or 8 male CF; mice on day 0. The drug was administered from day 1 to 8. On day 9 the mice
were sacrificed and the experiment was evaluated. * Packed cell volume as a percent. ¢ Greater than 80% inhibition is required for significant activity.
4 Compound V is 3-chloromethyithiochromone-1,1-dioxide (6). ¢ Sigma Chemical Co.

10 mg/kg/day in mice, versus Ehrlich ascites carcinoma tumor growth,
was found to be only marginally active (80% inhibition of tumor growth)
relative to many other compounds reported previously (6) (Table I).
Several of these compounds, such as 3-chloromethylthiochromone-
1,1-dioxide (V) (highly active in the test, giving 100% inhibition), could
conceivably give rise to compound Il in vive by bioreduction and hy-
drogen chloride elimination (1, 3). The low activity observed with com-
pound III may result from in vivo dimerization or other instability such
as participation in Michael type reactions. The dimer (IV) was completely
inactive in the antitumor test (Table I).
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Abstract O The synthesis of 4-amino-4-deoxy-N'"-methylpteroyl-(6-
diazo-5-0x0)-L-norleucine and 4-amino-4-deoxy-N10-methylpteroyl-
(6-chloro-5-oxo0)-L-norleucine, analogs of methotrexate in which the
y-carboxyl group is replaced by a diazoketone and a chloromethylketone,
respectively, was carried out. The analogs inhibited the growth of leu-
kemia L.-1210 cells in culture by 50% at 4 X 10~7 M and 2 X 10~ M, re-
spectively, and were effective inhibitors of the synthesis of thymidylate
in L-1210 cells in vitro (Isp = 3 X 1076 M), exhibiting significant antifolate
activity. The results demonstrated the feasibility of introducing chemi-
cally reactive groups at the vy-position of pteroyl glutamates with reten-

tion of biological activity. However, in the systems investigated thus far,
there was no evidence of covalent bond formation due to these reactive
groups at the active sites of the enzymes.

Keyphrases O Methotrexate—diazoketone and chloromethylketone
as potential antitumor agents O Antitumor agents—potential, diazo-
ketone and chloromethylketone analogs of methotrexate @ Analogs—
diazoketone and chloromethylketone, of methotrexate, potential anti-
tumor agents

Many structural analogs of the clinically useful antitu-
mor agent methotrexate (4-amino-4-deoxy-N10-meth-
yipteroyl-L-glutamic acid, amethopterin) (1), modified at
the carboxyl groups of its glutamic acid moiety, have been
prepared in the past in attempts to alter the membrane
transport properties and to improve the tissue distribution
and selectivity of the drug, as well as to circumvent drug
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resistance. This class of methotrexate derivatives includes
a variety of «- and y-monoesters (2), diesters (3), amides
(4), and peptides (4, 5) and also analogs in which the car-
boxyl groups are replaced by hydrogen (6-8), hydroxy-
methyl, or methyl (9) groups. As was observed for metho-
trexate analogs modified at other parts of the molecule (8,
10), with the possible exception of 10-deazaaminopterin

Journal of Pharmaceutical Sciences / 717
Vol. 71, No. 6, June 1982





