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removed by filtration, and the filtrate was dried over po-
tassium carbonate. Dry hydrogen chloride was bubbled
through the dry solution, and the oil which separated was
dissolved in 3N sodium hydroxide. The basic solution was
extracted with ether-pentane. After drying over sodium
sulfate, hydrogen bromide was passed into the solution, and
the precipitated camphidine hydrobromide weighed 2.231
g. (28%). Crystallization from ethanol-ether gave granules,
m.p. 304-307°, [«]T +11.1° (50% ethanol, ¢, 3.2). No efforts
were made to study the reduction with a view to determin-
ing optimal conditions.

Cyclocamphidine hydrobromide. Camphidine hydrobromide
(968.3 mg., 4.14 mmol.) was chlorinated in pentane solu-
tion by the procedure of Coleman.” Removal of the solvent
left an oil to which was added 30 ml. of 90% sulfuric acid
cooled to 0°. The solution was placed in a quartz flask and
irradiated with a mercury are lamp at 0°. After 16 hr. the
solution was poured onto ice and made alkaline with sodium
hydroxide. The resulting suspension was heated to boiling,
allowed to cool, and extracted twice with ether. Dry hydro-
gen bromide was passed into the ether solution, and the oily
precipitate was stirred with 3N sodium hydroxide solution
and 3 ml. of benzenesulfonyl chloride overnight. The solu-
tion was acidified with hydrochloric acid, and the benzene-
sulfonamide of secondary amine was removed by washing
with ether. The aqueous solution was made alkaline with
sodium hydroxide and extracted with ether. The ether was
dried over magnesium sulfate, and dry hydrogen bromide
was passed in. The amine hydrobromide was filtered and
dried over phosphorus pentoxide at 0.1 mm, The product
weighed 0.6444 g. (67%) and erystallized from ethanol-ether
as microerystals, m.p. 353-357° (dec.), [a]5 +2.4° (50%
ethanol, ¢, 2.5).

Anal. Caled. for C,H;sNBr: C, 51.73; H, 7.81; N, 6.03,
Found: C, 52.02; H, 7.78; N, 6.00.

Picrate, crystals from ethanol, m.p. 259.5-262° (dec.).

Anal. Caled. for CiHNOp: C, 50.52; H, 5.30; N, 14.73.
Found: C, 50.80; H, 5.34; N, 14.63.

The nuclear magnetic resonance spectrum of cyclocamphi-
dine hydrobromide (in D,O solution with methylene chlo-
ride as the external standard) had a split band at 62 cps. (at
40 megacycles), (-+N—CH,—), a split band at 116 cps.
(CH,), and a sharp doublet at 172 cps. (CH;). The nuclear
magnetic resonance spectrum of camphidine hydrobromide
had split bands at 55-71 cps. {(++N—CH,—), a band at 111
cps. (CH;) and a sharp triplet at 143, 149, and 151 eps.
(CH;). The ratio of the area under the peaks corresponding
to +N—CH,;— to the area under the peaks corresponding
to CHj in the product divided by the same ratio found in the
starting material is equal to 2.66. The theoretical value
based on the change camphidine — cyclocamphidine IT is
2.25.
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New Dihydrotriazines of
Chemotherapeutic Interest
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From the urine of animals and human volunteers
who had received chlorguanide, {1-(p-chloro-
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phenyl) - 5 - isopropylbiguanide], Rose! and co-
workers isolated a metabolite which they character-
ized as 4,6-diamino-1-(p-chlorophenyl)-1,2-dihydro-
2,2-dimethyl-s-triazine (I, free base, R, = CI,
Ry, Rs = CHy). In addition their studies indicated
that this metabolite was ten times as active as the
parent drug against infections of P. gallinacewum
in chicks. Subsequent work by Carrington,? Loo,?
Basu,* Modest,’ and Lux® elaborated on the struc-
ture, synthesis, and chemotherapeutic activity of
the above compotind and of a number of its analogs.

Since work done in our laboratories had demon-
strated the superior antibacterial properties of
racemic threo-2-dichloroacetamido-1-(p-methylthio-
phenyl)-1,3-propanediols’ as compared to the
corresponding p-chloro analog,® it was considered
of interest to examine the effect on chemotherapeu-
tic activity of replacing the p-chloro atom in the
chlorguanide metabolite by groups such as alkyl-
thio as well as other suitable substituents. Accord-
ingly we synthesized a number of compounds which
may be represented by the general formula I and
which are listed in Table I.

Preliminary testing® of the dihydrotriazine hy-
drochlorides against P. lophurae; infections in
ducks indicated a similar level of activity for the
p-methylthio-2,2-dimethyl (Ia) and the p-chloro
analogs.! However the latter proved to be consider-
ably more toxic with evidence of toxicity even at
the lower effective dose levels. The p-sulfamyl ana~-
log (Ie) showed slight'® and the p-acetyl analog
(Id) moderate antimalarial activity.!!

It was also found that the p-methylthio-2,2-
dimethyl compound (Ia) when combined with
bithionol [2,2’-thiobis(2,4-dichlorophenol)] gave a
synergistic or potentiated mixture having a greater
anticoccidial effect in fowl than the sum of the anti-
coceidial effects of the individual ingredients.

Two of the hydrochlorides, the p-methylthio-
2,2-dimethyl compound (Ia) and the p-methyl-
thio-2-(n-propyl) compound (I¢), showed moderate
anthelmintic activity against the oxyurid worms
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Fig. 1. TUltraviolet absorption spectra in water,

~~~~~~ , - 4,6-diamino-1,2-dihydro- 1 - (p - methylthio-
phenyl) - 2 - (n-propyl)-s-triazine hydrochloride (Ic), [AE??
262 my, €19,200; AE2 235 my, 8200]; , 4-amino-
1,2-dihydro-1-(p-methylthioanilino )-2-(n-propyl)-s - triazine
hydrochloride (IIe), [N 269 mu, 18,600; M\afl 232 my,
¢8,000].

Syphacea obvelata and Aspicularis tetraptera in
mice. Further details of the biological activity of
the newly prepared dihydrotriazines will appear in
subsequent papers.

In the preparation of the p-methylthio-2-
(n-propyl) compound (Ic), the triazine was first
isolated as the free base after treatment of the re-
action liquid at 5° with excess strong alkali.
Since triazines of this type have been shown to
isomerize when heated with excess alkali to the
corresponding anilino compound I8 (for Ilc, Ry =
CH;S, R: = H, R; = n-CsHy), it was thought of
interest to prepare the isomerized anilino base and
hydrochloride for comparison of the properties of
Ic and Ilc. The isomerization of Ic was done by

N
RI—Q—NH—(/‘ -NH:
HN-_N
Pat

II R; R;
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heating the hydrochloride with a large excess of
alkali in water. Ultraviolet absorption data for the
hydrochlorides Ic and IIc (Fig. I) show the same
type of shift that has been shown in the literature®*
for similar compounds. Also, in line with previous
work,® the pK,* of the anilino dihydrotriazine base is
10.6 while that of the aryl dihydrotriazine base
(Ie)is11.0.

EXPERIMENTALY

4,8-Diamano-1,2-dihydro-2,2-dimethyl-1-( p-methylthio-
phenyl)-s-triazine hydrochloride (Ia). The preparation of Ia
illustrates the general method used for the synthesis of Ia,
b, d, and e (hydrochlorides). The method of preparation of
the free base was the same for all compounds.

To a warm solution of 29.4 g. (0.211 mole) p-methyl-
thioaniline in 300 ml. acetone was added first 17.4 g. (0.207
mole) dicyandiamide, then 18 ml. (0.216 mole) conc. hydro-
chloric acid. All of the solid dissolved on addition of the
acid but 510 min. after the beginning of reflux solid began
to separate. After about 1 hr. of reflux all solid had again
dissolved and after 1.5 hr. of reflux solid began to separate.
The reaction mixture was refluxed for a total of 4 hr. after
which it was chilled and the produet collected. Further de-
tails on the yield, purification, and properties of the solid are
found in Table I.

To prepare the free base, 1 g, (0.00334 mole) of the pure
triazine hydrochloride wasg dissolved in 10 ml, hoiling water.
To this sobition was added 0.27 m]. {0.00336 mole) of 35%
aqueous sodium hydroxide solution and the resulting reac-
tion mixture was immediately chilled. The white solid which
separated was collected. None of the free bases required fur-
ther purification. In each case, reconversion of the base to
the hydrochioride with one equivalent of hydrochloric acid
gave a solid which, by mixed melting point determination,
appeared to be identical with the original hydrochloride.
Ultraviolet spectral data (Table IT) on the hydrochlorides
obtained from the reaction and after reconversion from the
base also show the compounds to be the same, thus indicating
that rearrangement to the corresponding anilino compound
(IT) had not oceurred.

TABLE II

SpECTRAL ~ DAaTA ON  ORIGINAL
RecoNvERTED HYDROCHLORIDES

ULTRAVIOLET AND

Ox‘iginal Hydrochloride Reconverted Hydrochloride
;0 H.O

m;x(mn) € Améx( ™) €
Ia 260 20,000 260 19,300
Ib 260 18,500 261 17,833
Ie 260 19,200 261 18,900

4,6-Diamino~1,8-dihydro-1-( p-methylthiophenyl)-2-(n-pro-
pyl)-s-triazine hydrochloride (Ic). A mixture of 55 g. (0.212
mole) 1-(p-methylthiophenyl)biguanide hydrochloride, 300
g. (4.15 moles) n-butyraldehyde, 17.9 ml, (0.215 mole)
conc. hydrochloric acid, and 595 ml. water was heated at
50 == 2° for 4 hr. The two-phase reaction liquid was treated
with charcoal and filtered through Filter Cel. After evapo-
ration <n vacuo to about one half the original volume the
residual liquid was treated with charcoal and filtered

(12) The analyses and melting point determinations were
performed by the staffs of M. E. Auerbach and K. D.
Fleischer of these laboratories. All melting points, unless
otherwise specified, are corrected. The ultraviolet absorp-
tion spectra were obtained by the staff of F. C. Nachod of
these laboratories,
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through Filter Cel. To the yellow filtrate was added 550 ml.
ether and the mixture was cooled to 5°. On addition of 49.5
ml. (0.62 mole) of 859, aqueous sodium hydroxide solution,
yellow solid separated. This was collected, washed with
ether, and dried; yield, 41 g. (69.6%), m.p. 136-140° (un-
eorr,), Thirty-four g. of the crude base was taken up in
170 ml. dilute hydrochloric acid and the resulting liquid was
treated with charcoal and filtered through Filter Cel. After
cooling the filtrate to 0-5°, cone. ammonium hydroxide was
added until the mixture was neutral. The yellow solid was
collected and dried. Details on yield, purification, and prop-
erties of the solid are found in Table I.

4-Amino-1,2-dihydro-6-( p-methylthicanilino)-2-(n-propyl)-
s-triazine. To a warm solution of 8.6 g. (0.0274 mole) 4,6~
diamino- 1,2-dihydro- 1-(p-methylthiophenyl)-2-(n~propyl)-
s-triazine hydrochloride in 86 ml. water was added 11.2
ml. (0.14 mole) 35%, aqueous sodium hydroxide. White solid
separated immediately which then changed to an oil on
further heating. After 1.5 hr. of heating on a steam bath
the mixture was cooled to room temperature, whereupon the
oil changed to a gum. The supernatant liquid was decanted
and the gum was washed once with water. After decanta-
tion, as much water as possible was removed in vacuo. Ab-
. solute ether was added and the mixture was allowed to
stand. The powdery white solid which separated was col-
lected and washed with absolute ether; yield 3 g. (39.4%),
m.p. 125.8-129.2°,

Anal. Caled. for Cy3HyNS: N, 25.25; S, 11.56. Found:
N, 24.93; S, 11.50.

The hydrochloride was formed from the above base by
warming 3 g. (0.0108 mole) of the base with 6 ml. (0.121
mole) of 2.02N hydrochloric acid in 15 ml. water. After
chilling, the hydrochloride separated as a white powder;
yleld 2.3 g. (67.9%), m.p. 137-141° (uncorr.), Recrystalli-
zation from ethanol gave a white powder, m.p. 158.8-161.4°.

Anal. Caled. for CisH NS HCI: Cl, 11.30; S, 10.22.
Found: Cl, 11.50; 8, 10.40.

p-Alkylthioanilines. These compounds, used in the prep-
aration of Ia, b, and ¢, were prepared through a known
method!? using an iron-acetic acid reduction of the appro-
priate alkyl p-nitrophenylsulfide.!4

I1-(p-Methylthiophenyl) biguanide. The biguanide hydro-
chloride was obtained in 73% yield by the method of Curd*
who made 1-(p-chlorophenyl) biguanide. The erude hydro-
chloride, a pink solid with m.p. 215-217° (uncorr.), was used
to prepare Ic. Treating a hot aqueous solution of the bi-
guanide hydrochloride with an excess of 35% aqueous so-
dium hydroxide gave crude pink base; yield, 84%, m.p.
147-150° (uncorr.). After two recrystallizations with water-
ethanol (20:1) mixtures, the free base was obtained as
yellow platelets; m.p. 152.9-154°.

Anal, Caled. for CoH;sN8: N, 81.37. Found: N, 31.36.

STERLING-WINTHROP RESEARCH INSTITUTE
ReNsSELAER, N. Y.

(13) W. R. Waldron and E. E. Reid, J. Am. Chem. Soc.,
45, 2399 (1923).

(14) P. Oxley, M. W. Partridge, T. D. Robson, and W. F.
Short, J. Chem. Soc., 763 (1946).

(18) F, H. 8. Curd and F. L. Rose, J. Chem. Soc., 362
(1946).

Decyanoethylation of
N,N-Bis(2-cyanoethyl)amides
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The preparation of 3,3’-iminodipropionitrile from
ammonia and acrylonitrile,’ 2 and its reaction with
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acyl halides to Yorm N,N-bis(2-cyanoethyl)-
amides*—” are well known. Some work has been
reported on the pyrolytic decyanoethylation of
these amides to form B-alanine derivatives, and
this route has even been suggested as a possible
practical preparative method for @-alanine it-
self.39 This note deals with a more satisfactory
method of decyanoethylation.

Treatment of N,N-bis(2-cyanoethyl)amides with
bases such as sodium ethoxide and KOH in alcoholic
solution leads smoothly to the formation of the
corresponding N-(2-cyanoethyl)amides at temper-
atures below 100°, considerably below those neces-
sary for pyrolytic decyanoethylation. A similar
reaction was noted in passing by Petersen and Mul-
ler with substituted ureas, but the product was not
isolated and the yield is unknown.*

Both infrared analysis and vapor phase chroma-
tography indicated that 3-ethoxypropionitrile was
produced in the decyanoethylation of N,N-bis
(2-cyanoethyl)benzamide in NaQEt-EtOH, indi-
cating that the alcohol used as solvent forces the
reaction to completion by combining with the
acrylonitrile formed. The reaction apparently does
not proceed in pure benzene.

Further decyanoethylation would lead to a
primary amide, which might compete with the
ethanol for acrylonitrile, thus explaining why only
one mole of acrylonitrile is removed.

Under anhydrous conditions, the reaction pro-
ceeds smoothly with N,N-bis(2-cyanocethyl)benz-
amides, acetamides, and benzenesulfonamides.
If the reaction is carried out in the presence of
water, it leads to an N-acyl-G-alanine or to an
N-(2-carbamoylethyl)amide.

For example, it has recently been shown by
Misra and Asthana!l that alkaline hydrolysis of
p-chloro-N,N-bis(2-cyanoethyl)benzenesulfonamide
leads to decyanoethylation and formation of
N-(p-chlorobenzenesulfonyl)-B-alanine. We have
found that use of smaller amounts of water leads
to formation of N-(2-carbamoylethyl)benzamide

(*) Bay City Junior College, Bay City, Mich.
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