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Interest m dihydrodiaminotriazines of {ype I* de-
veloped over a deeade ago when the antimalarial
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metabolite, 4,6-diamino-1l-p-chlorophenyl-1,2-dihydro-
2,2-dimethyl-s-triazine (I, R, = p-chlorophenyl; R, =
Ry = CH,) was isolated from the urine of rabbits and
humans recetving doses of the antimalarial chlov-
guanide.®  Besides antimalarial activity, antitumor*
anticoccidial > antibacterial,”® and anthelmintie? ac-
tivity have been reported for a number of different 4,6-
diamino-l-aryl-dihydro-s-triazines, as well as syner-
gistic action with sulfonamide drugs.®3.1

Syuthetie routes to eompounds of type I in which
Ry = aryl and Ry and R; are either both alkyl, or aryl
and hydrogen were developed independently by workers
al ICI i England®!! and by Modest, et al., i the
United States. 1?14 These involved the reaction of either

(1) Lederle Laboratories Division, Ameriean Cyanawid Co., Pearl River,
N. Y.

(2) The tantomeric forin indicated is doune so arbitrarily. ‘There is uc
evidence to date which favors this one over the other alternatives,

(3) H. C. Carrington, A. ¥. Crowthier, 1). ;. Davey, A. \. Levy, and
1°. L. Rose, Nature, 168, 1080 (1851).

{4) Yor leading reference see A. I
(1851); UL 5. Patent 2,803,628 (1957).

(o ROYL Lux, sntioiot. Chemotherapy, 4,971 {10541,

(&) Ro L Lux, U, 8, Patent 2,823,161 (19581,

Ty QUL Yaoley, LT, Modest, J. R. Cataldo, and 11, 1. Riley, Biocken.
Miaemacol., 3, 18,31 (1959).

(8) M. W. Fisher and L. Doub, itid., 3. 10 (1959).
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iugs, J. Med. Chem., 6,370 (1963).
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1017 (1954).

(121 1. 1. Modest, (i, E. Foley. M. M. Dlechet, and S, Farler, J. o
Chem. Soe, T4,855 (19521,
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an arylbiguanide hydrochlortde and o ketone or aro-
matic aldehyde (method A}, or the reaction of an aryl-
amine hydrochloride, dicyandiamide, and the carbonyl
component {(method B).  In both of these methods an
excess of mineral acid was used,  These two methods
woere nsed 1o prepare a large number of analogs of the
antimalarial  metabolite I (Ry = p-chlorophenyt:
Ry = Ry = CHy). The exclusive product from cither
of the two methods were compounds of type I. com-
pounds ot type I1, which a priori might have been ex-
peeted, were uot observed.  Thix is « particularly
mteresting result i view of the ease with which com-
pounds of type 1 are i=omierized to those of type 11,71
indicating the latier to be thermodynamically more
stable.

With regard 1o the prepavation of alkyl diamio-
dihydrotriazines, urukawa' reported the fatlure of
alkvlbignanides 1o react according io method Al
More recently,  l-alkyl-22-dimethyldimmmodihydro-
triazines (I, R, = alkyl; Ry = Ry = CHy) were re-
portedly isolated fhrom the reaction of alkylbiguamde
hydrochlorides wnd acctone!™® essentially according 1o
this method.  No mention was made of the formation
of the tsomerie compounds of type TI. In contrast,
we have found (before the appearance of the work
cited mref. 15h) that under the conditions of method A,
benzylbiguanide hydrochloride (IIT) reacts wilh ace-
tone to give IV and V. om roughly equal amounts
That Vowas tormed direetly rather than by resrrange-
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ment of the initially formed 1V was demounstrated by
the recovery of T unchanged after exposure to the reac-
t1on conditions of method A.

Inereasing the temperature of the reaction to 1107
(sealed tube) resulted i exclusive formation of V after
20 hr., while after 5 hr. the ratio of IV to V was roughly
1:2. Tt appeaved probable that at this elevated
temperature IV does rearrange to V, and this was,
indeed, found 1o be the case.  Thus, exposure of TV
to these reaction conditions for 17.5 hr. resulted m it
complete transformation to V. This isomerization was
also effecied in base.™

The structure of V was unequivoceally extablished by
independent syuthesiz from 2,2-dimethyl-4-amino-1.2-
dihydro-6-methylthio-s-triazine (VI) and bengylamine
hydrochloride nccording to the procedure of Birtwell,
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et al.®® The infrared spectra of isomers IV and V
were clearly different and served as a basis for differ-
entiating between the two (see Experimental). The
ultraviolet spectra of the two isomers were, on the other
hand, quite similar [\L0" 245 mu (e 10,300) and 241

max

myu (e 14,150), respectively, for IV and V.17

That extensive work by various groups®!1:13-15b on
the dihydro-s-triazine-forming reactions of arylbi-
guanides has failed to disclose the formation of type I
compounds (in the presence of excess mineral acid)
may be related to a preference of the arylbiguanides
for the tautomeric form A over B owing to conjugation
with the aromatic ring. Reaction at the doubly
bonded nitrogen would seem reasonable by analogy
with the established fact!® that protonation of an ami-
dine takes place on the imino nitrogen.

NH, NH NH NH

- I 1
ArN=CNHC—NH, ArNHC—NHéNHg
A B

Biological Data.—Compounds IV and V exhibited no
interesting biological activity. In coccidiosis in the
chick, they were inactive at 0.59 in the diet against a
severe challenge of Kimeria tenella.'® They were in-
active at 0.19, by drug diet against Salmonella cholera-
suts in the mouse. In the anthelmintic screening
program they were inactive in mice when fed at 0.19;
in the diet for 7 days.

Experimental2

Reaction of Benzylbiguanide Hydrochloride with Acetone.
Formation of 4,6-Diamino-1-benzyl-1,2-dihydro-2,2-dimethyl-s-
triazine Hydrochloride (IV) and 4-Amino-6-benzylamineo-1,2-di-
hydro-2,2-dimethyl-s-triazine Hydrochloride (V).—A suspension
of 2 g. (0.009 mole) of benzylbiguanide hydrochloride in a mixture
of 25 ml. of commercial absolute ethanol and 10 ml. of reagent
grade acetone containing 1 ml. (0.01 mole) of concentrated HCI
was heated under reflux for 24 hr. The reaction mixture became
homogeneous after 4 hr. of heating. After the solvents were
removed under reduced pressure, the yellow syrupy residue was
taken up in 10 ml. of water, and the pH of the solution was
adjusted to 6-7 (alkacid test paper) with 2 N NaOH;
4,6-diamino-1-benzyl-1,2-dihydro-2,2-dimethyl-s-triazine hydro-
chloride separated as a colorless solid. After refrigerating the
suspension for 1 hr., the compound was collected by filtration,
washed with a small amount of cold water, and air dried; yield
0.7 g. (299%), m.p. 191-194°, A" 245 mpu (e 10,300). The
analytical sample was obtained by recrystallization from water;
m.p. 194-197°.

Anal. Caled. for C;HisCINs-H,O: C, 50.43; H, 7.05; CI,
12.41; N, 24.50; H.0, 6.30. Found: C, 50.39; H, 7.15;
Cl, 12.33; N, 24.58; H,0, 5.21.

Treatment of the aqueous filtrate (~10 ml.) with 3-4 ml. of
109, aqueous NayCO; resulted in the separation of 0.9 g. (359,) of
the bicarbonate of 4-amino-6-benzylamino-1,2-dihydro-2,2-di-
methyl-s-triazine, m.p. 180-184° eff., which was in turn converted
to the hydrochloride salt, m.p. 190-194°, as described under
the following section. Its infrared spectrum was identical with

(16) 8. Birtwell, I'. Curd, J. Hendry, and . Rose, J. Chem. Soc., 1645
(1948).

(17) Had we only one of the two isomers in hand,1P it would have proved
quite impossible to assign a structure to it on the basis of spectral data
alone.1sb

(18) R. C. Neuman, Jr., G. 8. Hammond, and T. J. Dougherty, J. Am.
Chem. Soc., 84, 1506 (1962).

(19) E. Waletsky and C. O. Hughes, Am. J. Vet. Res., T, 365 (1946).

(20) Melting points are corrected. Microanalyses are by Galbraith
Laboratories, Inc., Knoxville, Tenn. Infrared spectra were taken as
Nujol mulls with a Perkin-Elmer Infracord spectrophotometer. Ultraviolet
spectra were measured with a Cary recording spectrophotometer.
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Figure 1.—Infrared spectra in Nujol of (A) 4,6-diamino-1-
benzyl-1,2-dihydro-2,2-dimethyl-s-triazine hydrochloride (IV),
and (B) 4-amino-6-benzylamino-1,2-dihydro-2,2-dimethyl-s-tri-
azine hydrochloride (V).

that of authentic V prepared according to the method of Birtwell'®
(see below).

The remaining aqueous filtrate was evaporated to dryness, the
colorless solid residue was acidified with saturated ethanolic HC],
and the mixture was again evaporated to dryness, the last traces
of solvent being removed by pumping (vacuum pump) for 2 hr.
The solid residue was extracted with hot ethanol. Evaporation
of the ethanol extract left a gummy residue which was heated in
boiling acetone and kept at room temperature overnight. Re-
moval of the acetone left a pasty solid (0.6 g., 269;) which gave a
positive biguanide test (formation of a lavender solid) with am-
moniacal CuSO,. Its infrared spectrum was essentially identical
with that of an authentic sample of benzylbiguanide dihydrochlo-
ride, m.p. 231-232°, prepared from the monohydrochloride by
recrystallization from saturated ethanolic HCI.

Anal. Caled. for CsHi;:CLN;: C, 40.91; H, 5.72; Cl, 26.84;
N, 26.51. Found: C, 41.15; H, 5.81; Cl, 26.74; N, 26.46.

With 2 molar equiv. of concentrated HCI only a 109, yield of
IV was obtained.

Reaction of Benzylbiguanide Hydrochloride with Acetone
at110°. 4-Amino-6-benzylamino-1,2-dihydro-2,2-dimethyl-s-tri-
azine Hydrochloride (V).—A mixture of 2.27 g. (0.01 mole) of
benzylbiguanide hydrochloride, 25 ml. of commercial absolute
ethanol, 10 ml. of reagent grade acetone, and 1 ml. (0.01 mole)
of concentrated HCl were placed in a Fisher-Porter glass pipe
sealed at one end and closed at the open end by means of a Teflon
gasket and aluminum fittings. The reaction mixture was heated
in an oil bath at 110° for 20 hr. (reaction mixture became homo-
geneous within 15 min.), cooled, transferred to a round-bottom
flask, and evaporated under reduced pressure. The syrupy resi-
due was taken up in 10 ml. of water, the pH of the solution was
adjusted to 6-7 (alkacid test paper) with 2 N NaOH, and the
solution was refrigerated. No solid separated even after 2.5 hr.
(compare with the preparation of IV above). After 18 hr. 0.41 g.
(159,) of crystalline V separated, m.p. 192-194°, m.m.p. 174~
185° with unrearranged IV. Its infrared spectrum was identical
with that of authentic V prepared as described below. The
aqueous mother liquor was treated with 109, Na,COj solution.
The cream-colored bicarbonate which separated (1.6 g., 559%),
m.p. 178-182° eff., was converted to the hydrochloride salt in
709, yield by treatment with a minimal amount of 109, HCI.
Partial solution accompanied by effervescence took place with
concurrent formation of a new solid. A small amount of water
was added to the resulting pasty solid, the suspension was refriger-
ated for 30 min., and the solid was collected by direct transfer
onto a filter pad without the use of any additional water; m.p.
190-194°. Recrystallization from acetonitrile gave V melting at
196-197°, Ame™ 241 mpu (e 14,150).  Its infrared spectrum was
identical with that of authentic V prepared as described below.

Anal. Caled. for CHisCINs:  C, 53.82; H, 6.77; Cl, 13.24;
N, 26.16. Found: C, 53.40; H, 7.02; Cl], 13.22; N, 26.09.
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When the reaction time was decreazed 1o 5 lir., I'V was also ob-
tained. The ratio of IV to V wus roughly 1:2 in contrast 1o the
1:1 ratio of the two obtained in refluxing acetone-ethanol (sec
above).

The infrared spectra of IV and V' were distinetly differenc
througliont the entire spectral range (Figure 1), That TV was
abtained pure, apeontaminated with its rearranged isamer V', ix
tidicated by the sharp medium-intensity band at 10.2 x present in
the mull spectrnm of V. and completely absent from that of
Iv.

Treatment of 4,6-Diamine-1-benzyl-1,2-dihydre-2,2-dimethyl-
s-triazine with HCl, A. In Refluxing Acetone-Ethanol.---
A solrtion of 100 mg. (0.37 mmole) of IV in a mixtuve of 1.5 wnl.
of commercial absolute ethanol and 0.5 ml of reagent grade
acetone contaiming 0.05 ml. (0.5 mmole) of concentrated HCI1
was heated under gentle reflux for 27 hr. The residue obtained
after evaporating the solvents was dissolved in 1 ml. of water
wd the solution was neutralized with 2 ¥ NaOH. IV (50 mg.)
was recovered (the compound began separating as the pH of the
solution approached neutrality), m.p. 197-198.5°. Its infrared
spectrum was identical with that of anthentic IV, Tlvaporation
of the aqueous filtrate left a 19-mg. residne. Its very simple
infrared spectrum was eonsiderably different from either IV or
Y. Thus 72.5% of the material isolated was nnrearranged IV.

B. In Acetone-Ethanol at 110°.—The reaction mixture de-
seribed in A was heated at 110° (sealed tube) for 17.5 hr. The
resulting yvellow solution was evaporated, the residual oil was
taken up m 0.7 nl. of water, and the pH of the solution was
adjusted to 6--7 (alkacid test paper) with 2 N NaOH. ‘The solu-
tion remained homogeneons (compare with A).  After 15 min.
al roont temiperature, the solution was refrigerated (010 —10°)
for 2 days. The highly crystalline solid which separated melted
190-103°, yield 47 mg. (47¢,). Iixinfrared =pectrum was identi-
cal with that of authentic V.

Base-Catalyzed Rearrangement of IV to V.—A suspension of
155 mg. of IV i 1 ml of 2.8 NaOH was heated on a steam bath
for 15 min.  An additional 1 ml. of water was added, and heating
continued for 1 hr. The reaction mixture was cooled and the
pH of the solution was adjusted to 6-7 (alkacid test paper) with
diluite HCL  Crystalline material began separating from the
vesulting turbid solution within 1 hr. After refrigerating at
to —10° overnight, 115 mg. (74¢) of V was collected, m.p.
194--196°, m.m.p. 181-193° with IV. Itz infrared spectrum was
identical with that of an authentic saunple of V prepared from VI
and benzylamine hydrochloride.

When IV was treated with 2 & NaOH at room temperature
(aqueous phase strongly alkaline), it dissolved, and almost im-
mediately thereafter a new =olid separated which was collected
after 10 min.  Acidification of this material with a small amount
of concentrated HCI cansed it to dissolve. Dilntion with a small
amount of water resulted i1 the separation of a erystalline solid
which was collected after adjusting the pH of the aqueons phase
{n 34 with 2 N NaO1ll. This compunnd was identified as un-
changed IV by its melting point (198-201°), mixture melting
poiut (197-200°), and infrarved spectrim (identical with that of an
anthentic sample).

4-Amino-6-benzylamino-1,2-dihydro-2,2-dimethyl-s-triazine
Hydrochloride V from Benzylamine Hydrochloride and 4-Amino-
1,2-dihydro-2,2-dimethy!-6-methylthio-s-triazine (VI),—The pro-
cedure described by Birtwell, et al.,' for the preparation of the
6-anilinodiliydrotriszine from aniline hydrochloride and VI was
extended to the preparation of the 6-benzylamino analog. Thus,
a solution of 2 g. (0.012 mole) of VI and 1.6 g. (0.011 mole) of
benzylamine hydrochloride in 5 ml. of water wus heated nnder
reflix for 26 hr., and the gummy residue obtained by evaporating
the aqieons solntion to dryness in zacuo was treated with dilute
Na.CO; solution.  After rubbing with a metal spatula, the re-
actian mixture solidified on standing for a short while.  The solid
was tnllected and heated in boiling acetove: 18 g. of the bicar-
bonate was thus obtained, which was converted to the hydro-
chiloride salt V' as described above; m.p. 194-195.5°, m.m.p.
194--195.5° with 'V prepared via the sealed tube reaction. The
infrared spectra of the componnds prepared by the two routes
were identical.
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The bisalkyl- and bisdialkylaminoalkylamides of
3,9-dicarboxy-2,4,8,10-tetraoxaspiro [5.5 Jundeeane have
been prepared, and the latter possess interesting phar-
macological activity. We have previously reported
mproved methods for the synthesis of 3,9-dicarbo-
methoxy-2,4,8,10-tetraoxaspiro [5.5 Jundecane (Ib) and
several of its homologs.? The present report deals with
the preparation of some dertvatives of the parent acid
Ia and their pharmacological properties.

R-CO ,0—(H.. ,CH:~O. ,COR
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4o R = dialkylaminoalkyl or heteroevelicalkyl

The ester Ib is saponified with remarkable ease.  In-
deed, simiply dissolving the ester in water effects saponi-
fication. Series of bisalkyl and bisdialkylaminoalkyl-
amides (I¢ and Id), were prepared from the ester Ib
by reaction with the appropriate primary amiies in
methanol. The reaction proceeded readily in all cases
and gave high yields of pure product.

The bisalkylanmides are listed in Table I and the bix-
dialkylaminoalkyl- and heterocyelicalkylamides  in
Table II.  Of the bisalkylamides the lower members
were soluble m water as well as common organic sol-
veuts.  All of the bisdialkylaminoalkyl- and hetero-
eyclicalkylamides prepared in this study were quite
soluble in water.

Gross pharmacological sereening of these amides,
according to previously described techniques,’* showed
that the bisalkylamides possessed no remarkable
pharmacological activity. However, the bisdialkyl-
aminoalkylamides produced sedation, muscle relaxation
and tranquilization in varying degree in the rat and the
rabbit.

When compared with meprobamate, the bisdialkyl-
aminoalkylamides possessed from 0.6 to 1.0 times the
activity of meprobamate. Maximum activity of the
compounds studied resided in the bisdimethylanino-
cthyl- and dimethylaminopropylamides.

Experimental

All melting points were obtained with a Thonas- Hoover
capillary type apparatus and are corrected.
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T8 (19645,


Ciiahi.es

