3890

was obtained by one recrystallization from 959 ethanol;
m.p. 263-264° dec. The infrared spectrum of VI showed
absorption at 2220 (C=N) and 1685 cm.™? (C==0).

Anal. Caled. for CHN,0S8: C, 62.25; H, 1.89; N,
13.20; S, 15.10. Found: C, 62.15; H, 1.81; N, 13.04;
S, 15.49.

Diels-Alder Adduct of VI (VIII).—A solution of 0.5 g. of
VI, 0.02 g. of hydroquinone, and 4.5 ml. of 2,3-dimethyl-
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butadiene in 50 ml. of ethyl aleohol was refluxed for 48 hr.
The solvent was removed under vacuum on a hot water
bath. The residue was recrystallized from ethanol-water.
The yield of VIII was 0.65 g. (93.8%,). The white needles
were recrystallized twice from ethanol-water to give an
analytical sample; m.p. 157-158°.

Anal. Caled. for CiHuN.0S: C, 69.35; H, 4.79; N,
9.52. Found: C, 69.57; H,4.97; N, 9.52.

The Preparation of s-Triazine Derivatives Containing the N—O Bond.

I. Mono-N-oxides of Amino-substituted s-Triazine Derivatives!

JouN T. SHaw

Research Department, Organic Chemicals Division, American Cyanamid Company, Bound Brook, New Jersey

Recetved April 9, 1962

The preparation of mono-N-oxides of amino-substituted s-triazine derivatives by two methods is reported: peracetic

acid oxidation of aminotriazines and eyclization of dicyanoamidine salts with hydroxylamine hydrochioride.
The dicyanoamidine salts were obtained by reaction of alkyl imidate hydrochlorides with sodium

give the same N-oxide.

acid ecyanamide (limited to lower alkyl) or by reaction of alkyl- or arylamidines with cyanogen chloride.

appears to be general.

The objective of this investigation was the prep-
aration of mono-N-oxides of amino-substituted
s-triazine derivatives. A review of the literature
uncovered only one reference to the preparation
of an s-triazine mono-N-oxide. In this work, by
Kaiser and Roemer,? a good yield of melamine N-
oxide was obtained by slurrying an equimolar
mixture of potassium dicyanoguanidine and hydrox-
ylamine hydrochloride in Cellosolve. This cycliza-
tion method was not chosen initially primarily be-
cause the dicyanoamidines required in the reaction
were themselves unknown. An alternative route
to the N-oxides was an oxidative procedure.
Grundmann and Schroeder? had shown that Caro’s
acid oxidation of 2-amino-4,6-bis-p-chlorophenyl-
s-triazine gave a tris-N-oxide. It was hoped that
the use of a milder peracid like peracetic acid under
the proper reaction conditions would lead to mono-
N-oxide formation.

The Peracetic Acid Ozxidation of Amino-sub-
stituted s-Triazines.—The reaction of acetoguan-
amine (1 mole) with peracetic acid (1.5 moles)
was carried out in acetic acid at 40—45° for about
twenty-four hours. The compound isolated was
a white erystalline solid, whose elemental analysis
gave the empirical formula C,H;N;O; no water
present. The material was soluble in dilute acid
and base and gave a deep red color with ferric
chloride. To confirm the assumption that the
triazine ring was still intact, the oxidized product
was treated with phosphorus trichloride in chloro-
form to deoxygenate it. Acetoguanamine was
identified as the resulting product by melting point,

(1) Presented in part before the Division of Organic Chemistry at
the 140th National Meeting of the American Chemical Society, Chicago,
Ill1., September, 1961.

(2) D. W. Kaiser and J. J. Roemer, U, S. Patent 2,729,640 (January
3,19586).

+(3) C. Grundmann and H. Schroeder, Chem. Ber., 87, 747 (1954).

Both methods

The latter method

elemental analysis, and infrared comparisons with
an authentic sample.

With the previous data in mind, the structural
possibilities C,H;N3O appeared to be I, I, or II1

CHs

A

NN
CHs HgN—l\\\, N NpoOH

CHs

N7 N
HgN—k\\Y L oNm,

4 N N-O 111
fI) HZN—L}\, L NH,
11

and tautomers thereof. The normal triazine N-
oxide structures are shown for sake of simplicity.
The other triazine isomer of C,H;N;0, 2,4-diamino-
6-hydroxymethyl-s-triazine (which was not really
expected), was eliminated on the basis of recovering
acetoguanamine from the phosphorus trichloride
reaction.

CH, CH, iHa
N)\N KNH, N;\N NHOH NN
SN TR SN HOHN—k /—NH,
11

In the synthesis of ITI, freshly prepared potas-
sium amide was added in the cold to 2,4-dichloro-
6-methyl-s-triazine? in ether, followed by the addi-
tion of an intimate mixture of hydroxylamine
hydrochloride and sodium carbonate. The usual
physical properties of melting point, infrared, and
solubility of IIT did not agree with those of the
peracetic acid-acetoguanamine oxidation product.
Furthermore, IIT gave a blue color with ferric
chloride in contrast to the red color of the ace-
toguanamine product.

(4) R. Hirt, H. Nidecker, and R. Berchtold, Helv. Chim. Acta, 83,
1365 (1950).
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With compound III eliminated, only the synthe-
sis of either I or II was necessary to complete the
proof of structure. After several unsuccessful
attempts to prepare II, we turned our attention to
the preparation of I.

Il\lfH /N—CN
/
CHy;—C—OEt.HCl + 2NaNHCN — CHs—C\\
N—CN
S\Hs llIa
NN (@)
H.N

!

Here ethyl acetimidate hydrochloride was treated
with two moles of monosodium cyanamide to give
sodium dicyanoacetamidine; the dicyano deriva-
tive was then treated with hydroxylamine hydro-
chloride to give I. I was found to agree precisely
with the peracetic acid-acetoguanamine reaction
product in the usual physical properties such as
melting point, infrared, solubility, and ferric chlo-
ride reaction.

Table I shows the results obtained when the
peracetic acid oxidation was carried out with other
guanamines and a few miscellaneous aminotria-
zines. The reaction conditions unless otherwise
noted were, in general, the same as given before:
namely 1.5 moles peracetic acid/1 mole of triazine
for twenty-four hours at about 40°.

Although the oxidation reaction appears to be
quite general, yields were very low (2-169,) in
nine of the fifteen cases where any N-oxide was
isolated. The reaction is of greatest synthetic
value when one electron-withdrawing group is on
the ring (compounds 5, 6, 7, and 18 of Table I).

A steric factor appeared to operate whenever two
of the three carbon positions in the s-triazine system
were occupied by bulky groups (compounds 4 and
19 of Table I). Attempts to force these reactions
at elevated temperatures were of no avail; the
bistrichloromethyl compound gave only unchanged
starting material while with the bisdimethylamino
compound, cleavage of one of the dimethylamino
groups took place.

Hydrolysis of amino groups was observed in two
cases (although it possibly took place in others but
was undetected due to the nature of the work-up).
Thus, in the case of acetoguanamine, in addition to
the desired N-oxide, a product was isolated in which
the elementary analysis and infrared suggested
that not only had oxidation of one of the ring nitro-
gens taken place but also one of the amino groups
had been hydrolyzed to hydroxy. A similar
product was isolated in a stearoguanamine oxida-
tion when the temperature inadvertently rose to
80° for a few minutes.

Ao MNH, NH,OHHCI
I
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Since we had only proved the structure of one
N-oxide (in melamine N-oxide the symmetry of the
molecule eliminates the problem of the location of
the oxygen) the question arose whether the location
of the oxygen in the other guanamine N-oxides was
the same. The cyclization reactions with hydrox-
ylamine hydrochloride shown in equation 2 re-
quired alkyl- or aryldicyanoamidines. A search
of the literature showed these compounds to be
undescribed.

The Preparation of Alkyl- and Aryldicyano-
amidine Salts.—In the preparation of the dicyano-
amidine salts, two methods were investigated.
The first method involved the reaction of imidates
with sodium acid cyanamide as shown in equation
2 and was successful only with the lower alkyl
imidates. Longer chain alkyl imidates like ethyl
lauryl imidate gave no characterizable products,
while the only aryl imidate tried, methyl benzi-
midate hydrochloride, gave a small amount of
benzoguanamine as the only characterizable new
product.

The difficulties involved in extending the
imidate—acid cyanamide method to longer alkyl
chains and to the aryl types led to an investigation
of the second method: the reaction of cyanogen
chloride with amidines. This synthesis worked

NH, N—CN
a 2CNCl Va
R—C -HCl ————> R—C 3)
4KOH N
NH, I’\I—CN
K

nicely for alkyl-, alkylenebis-, and arylamidines.
The compounds prepared by these two methods
are shown in Table II. The stability of the free
acids was found to vary since potassium dicyano-
benzamidine was converted easily to the free acid
using concentrated hydrochloric acid while at-
tempts to convert potassium dicyanoacetamidine
to the free acid either directly using hydrochloric
acid or by conversion to the copper salt followed by
reaction with hydrogen sulfide were not successful.

All of the alkali metal dicyanoamidines were
high-melting solids which gave green precipitates
with copper sulfate. Only in the case of potas-
sium dicyanoacetamidine was an attempt made
to isolate the copper complex; microanalysis indi-
cated two moles of dicyanoacetamidine associated
with each copper atom. The infrared spectra
showed several characteristic bands: in the alkyl
dicyanoamidines, a strong nitrile band about
4.6-4.68 u and another strong band around 6.65 g,
which may be due to —C=N— conjugated with
—C=N; in the aryldicyanoamidines, a nitrile
doublet around 4.63 and 4.72 u; both of these
bands are associated with carbodiimides. Again,
a very strong band around 6.65 u associated with
conjugated nitrile. Resonance forms of the di-
cyanoamidines can be written which make the
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TasLe IT
DiICcYANOAMIDINE SALTS
/NCN
R—C/
N
N—CN
I‘{—(Na)a
Yield,? Caled, Found
Compound R M.p. °C. % Method® S (o] H N C H N
1 CH;, 262-263 dec. 87 C A-E 36.9 2.31 43.3 36.8 2.45 43.3
CH; 225-227 59 D A 32.8 2.07 38.4 32.5 2.20 38.7
2 C.H; 201-202 75 C I 41.8 3.48 39.1 41.8 3.67 38.7
3 GC;H: 194195 77 D 1 41.3 4.08 32.2 41.7 4.12 32.2
4 CuHes 196 254 De w7/ 58.6 8.11 19.8 38.8 8.04 19.4
5 -—(CH,p)e— 260-262 dec. 49 D¢ A-E 37.7 2.54 35.2 38.0 2.54 35.2
6 CeH; 245-247 54 D¢ I 51.9 2.42 26.9 51.8 2.68 26.8
7 p-CICH;* 308-310 62 D 1 44 6 1.60 22.0 44 .8 1.58 22.7

¢ Method C employing imidate hydroehlorides and sodium acid eyanamide gave the sodium salt; method D, the cyanogen

chloride-amidine-potassium hydroxide route gave the potassium salt.
¢ Recryst. yield.
cake obtained from filtering the reaction mixture contained the dieyanoamidine.

¢ Bolvent used for recryst.; see Table I, footnote c.

the product.
Found: CIl, 14.6.

_N—CN AN—CN
Oz — O
“y-eN N=C=N
carbodiimide wave length reasonable. The ultra-

violet curves of dicyanoacetamidine and dicyano-
benzamidine gave A, close to each other: 263 and
275 mu, respectively.

Cyclization of the dicyanoamidine salts with
hydroxylamine hydrochloride to the corresponding
guanamine N-oxides was carried out simply by
stirring the components in B-ethoxyethanol at
room temperature for several days (equation 2).
While no attempt was made to study the effect of
temperature, solvent, and concentration of react-
ants on vyields, it appears at this juncture that
where the dicyanoamidine salts are available the
preparation of guanamine N-oxides via cyclization
of dicyanoamidines with hydroxylamine in general
affords better yields and a more easily isolable
product than the peracetic acid method. In all
cases tried, the melting points, the infrared curves,
ferric chloride tests, and other physical properties
of the compounds obtained by cyclization matched
those obtained by the peracetic acid route. Since
for the most part no attempt was made to achieve
a material balance, there is a possibility that oxida-
tion at the nitrogen ortho to the guanamine R
substituent took place and was missed in the isola-
tion procedure.

For ease of discussion throughout this paper,
we have been treating the aminotriazine peracetic
acid oxidation products as N-oxides. Of course,
other tautomeric forms are possible. Which form
actually exists has not been unequivocally estab-
lished; however, from the spectra obtained the
followmg can be said. The ultraviolet spectra of
the oxidized materials with the exception of a slight

¢ Method C gave a small amount of benzoguanamine as the only isolable product.

¢ Crude yield; produet suitable for further reaction.

¢ Method C not successful. 7 Potassium chloride
Two recrystallizations from water gave
b Caled.: Cl, 14.6;

bathochromie shift, in general, resemble the spectra
of the starting materials, that is ‘“three-conjugated”
systems. In the infrared the oxidized materials
show weak to medium bands around 5.9 p which
together with new strong bands around 12.9 to
13.2 i suggest an isotriazine system, that is a “three-
conjugated” system with one double bond “exo”
to the triazine ring. Tautomeric structures like
IV or V as well as the hydrogen bonded structure

R ji R
HzN—LIi,&NH 1&121\1-—kxl\1,1'==NH2 NANa NH
0 O-—H
oH e VI
\%
VI probably could account for these data. The

only other new absorption consistently present in
the oxidized structures was a medium to strong
band in the range 8.2-8.3 u presumably due to the
N-oxide function. Koelsch and Gumbrecht® as-
signed the band at 7.55 to 8.13 4 found in various
diazine N-oxides to the N-oxide function.

Experimental®

Materials. —With the exception of acetoguanamine,
benzoquanamine, stearoguanamine, melamine, monosodium
cyanamide, and cyanogen chloride which were supplied by
the American Cyanamid Co., the various aminotriazines’

(5) C. F. Koelsth and W, H. Gumpreeht, J. Org. Chem., 28, 1603
(1958).

(6) All melting points are uncorrected. Microanalyses by John
Kobliska and the late Oliver Sundberg and their staff. Infrared
interpretation by Dr. Jesse Gove and Mr. Norman Colthup.

(f) E. M. Smolin shd L. Rapopott, ‘'s-Triazines and Derivatives,”
Interscience Publishers, Inc,, New York, N, Y., 1959, pp. 242-243.
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and amidines,%? were prepared by methods given in the litera-
ture.

Aminotriazine N-Oxides from Peracetic Acid Oxidation
vic Method A.—All compound numbers given in this sec-
tion refer to those shown in Table I. A few general com-
ments concerning the oxidative procedure will be helpful
inasmuch as a detailed description will be given only in two
cases. The general procedure was to add dropwise a solu-
tion of 409, peracetic acid (1.5 moles of peracetic acid per
mole of triazine) to a stirring slurry or solution of the tri-
azine derivative in acetic acid (approx. 6 ml. of acetic acid
per gram of triazine unless otherwise noted) at about 30.-
40°. The mixture was then stirred for 20-24 hr. at 40-45°,
The work-up procedure depended upon the solubility of the
starting material and N-oxide in acetic acid. When the
gtarting material was soluble or at some time during the
reaction went completely into solution and the N-oxide was
insoluble, the isolation involved simply filtering off the
product at 40-45° and in many cases no recrystallization
was necessary; compounds 1, 5, 6, and 12 were processed
in this faghion, When the N-oxide was soluble, two proce-
dures were found suitable: water was added to precipitate
the product (compounds 7 and 11); or the solution was
allowed to evaporate at room temperature in the hood under
a good draft until a thick slurry formed, then filtered and the
cake tested with aqueous ferric chloride. A deep red colora-
tion (sometimes heating or ferric chloride in dimethylform-
amide was required for the more insoluble N-oxides) de~
veloped if the N-oxide were present. If no color except a
light orange formed, the filtrate was further evaporated,
filtered, etc., until the N-oxide was isolated. This proce~
dure was used for compounds 2, 3, 8, 9, 13, 14, and 18 of
Table I and in all these cases the material was recrystal-
lized before analysis. It turned out that in the one case,
compound 15, where the mixture remained a slurry through-
out the entire reaction, that the insoluble material was
largely starting material, which was filtered and the filtrate
worked up as in the previous case.

2,6-Diamino-4-methyl-s-triazine 1-Oxide (Acetoguan-
amine N-Oxide) via Method A.—Acetoguanamine, 125.1 g.
(1 mole), was added in portions to 750 ml, of glacial acetic
acid with stirring; an exotherm ensued with the formation of
a thick slurry. Then, 271 g. of 429, peracetic acid (1.5
moles) was added dropwise over a period of 5 hr. at 38—43°.
After two thirds of the peracetic acid had been added an
almost clear solution formed, but on completion of the
addition, a moderate amount of precipitate appeared.
During the latter two thirds of the addition, a mild exotherm
took place which kept the temperature at 42-43° without
the aid of a heating mantle. The mixture was stirred at
40-45° for an additional 19 hr. and then filtered at this
temperature. The filtrate, I, was separated and the cake
washed with 509, aqueous acetic acid followed by acetone
and then allowed to air-dry, 29 g. (20.5%), m.p. > 330°.
This product, II, a white crystalline solid was later proved
to be the N-oxide. It gave a deep red color with ferric
chloride, and was soluble in 1 N hydrochloric acid and 1 ¥
sodium hydroxide, the latter with warming. Neutralization
of the caustic solution with acetic acid gave II unchanged.
Recrystallization of 5 g. of II from 500 ml. of 50% aqueous
acetic acid gave 2.8 g., m.p. > 330.

Anal. Caled. for CH;N;O: C, 34.1; H, 4.98; N, 49.7.
Found: C, 34.1; H, 5.02; N, 49.4.

Filtrate I, after standing 4 days, deposited 16.9 g. of large
colorless erystals, III, m.p. 215-216°, which when crushed
gave the odor of acetic acid. A portion of IIT was made
alkaline to pH 10 by slurrying with 1 N caustic and then
filtered; the cake was recrystallized in hot water and gave a
white solid, m.p. 221-222. This solid gave only a light
orange color with ferric chloride; microanalysis and a new

(8) F. C.Schaefer and G, A. Peters, J. Org. Chem., 26, 412 (1961).
(9) A. Pinner, ‘‘Die Imidoather und Ihre Derivative,” Robert
Oppenheim (Gustav Schmidt), Berlin, Germany, 1892,
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medium band at 5.75  in the infrared suggested that not
only had oxidation taken place but also one of the amino
groups had been hydrolyzed which then presumsably tau-
tomerized to the keto form (the tautomer usually observed
in amino hydroxy triazines).

Anal. Caled. for C;HeN,O;: 2-amino-1-hydroxy-4-methyl-
s-triazine-6-(1H)-one. C, 33.8; H, 4.24; N, 39.4; O,
22.4. Found: C, 33.9; H, 4.35; N, 39.3; O, 22.7.

Melamine N-Ozxide ria Method A.—Reaction at 40-45°
following the general procedure as outlined above gave only
unreacted starting material. The reaction was then investi-
gated at higher temperatures. To a very thick stirred
slurry of 25.2 g. (0.2 mole) of melamine and 300 ml. of glacial
acetic acid was added at 28-30°, 56.6 g. of 419, peracetic
acid (0.3 mole). The mixture was heated to 80° at which
temperature a mild exotherm occurred. After 5 min. the
exotherm was spent and the thin slurry was heated for an
additional 6 hr. at 78-80° and then filtered at 80°. The
cake gave a negative ferric chloride test. The filtrate
on cooling deposited a white solid which after filtering,
washing with ether, and air-drying weighed 23.1 g., m.p.
> 310°. This material gave a deep red color with ferric
chloride and appeared to be the acetic acid salt of the desired
produet and a portion of it was neutralized by slurrying with
1 N sodium hydroxide to pH 7.5-8, filtering, and recrystal-
lizing twice from hot water. From the second recrystalliza-
tion two crops were obtained: I, the first crop was deposited
while the solution was still hot, m.p. < 310°; 11, the crystals
were obtained on cooling and chilling m.p. 305° dec.
Both I and II possessed identical infrareds and are identical
to the product? obtained from potassium dicyanoguanidine
and hydroxylamine hydrochloride, m.p. > 310; I and II
are apparently polymorphs.

Anal. Caled. for CsHN:O: C, 25.4; H, 4.23; N, 59.2.
Found: (I) C, 25.5; H, 4.28; N, 59.4. (II) C, 25.5;
H, 4.45; N, 59.1.

Aminotriazine N-Ozxides ng Hydroxylamine Cyclization
of Dicyanoamidine Salts. Method B.—The general pro-
cedure consisted in slurrying the dicyanosmidine salts
and hydroxylamine hydrochloride (moles hydroxylamine
hydrochloride/moles dicyanoamidine salt = 1-1.5) in
B-ethoxyethanol (10-15 ml. of 8-ethoxyethanol 0.01 mole of
dicyanoamidine salt) at 25-35° for 3-5 days in a closed sys-
tem, followed by isolation of products. The product which
was usually insoluble was filtered, slurried in water to remove
salts, and then recrystallized. Compounds 1, 8, 10, 11, 16,
and 17 of Table I were handled in this fashion. The only
exception to this general procedure occurred with benzo-
guanamine N-oxide, which after reaction, evaporation and
slurrying with water gave a product whose infrared indicated
the presence of the starting dicyanoamidine, probably as a
salt of the desired N-oxide (since the free acid is & fairly
strong acid). The compound (0.5 g. in 50 ml. of water)
was made alkaline to pH 10 with 5 N caustic, heated to boil-
ing, filtered, and the desired product isolated on cooling and
chilling; 0.2 g., m.p. 278-279° dec.; deep red color with
ferric chloride. All the compounds prepared by procedure
B were identical to the corresponding compound prepared by
Procedure A.

2,6-Diamino-4-methyl-s-triazine 1-Oxide (Acetoguana-
mine N-Oxide) vic Method B.—A stirred solution of 4.38 g.
(0.03 mole) of potassum dicyanoacetamidine in 30 ml. of
Cellosolve was treated with 2.09 g. (0.03 mole) of hydroxyl-
amine hydrochloride in one portion. The mixture was
stirred at room temperature for 3 days, chilled, and filtered
and the damp cake glurried in 25 ml. of water for 2.5 hr.
Filtration, followed by air and then oven drying at 60°
gave 2.2 g. of a white solid which gave a deep red color with
ferric chloride and melted higher than 330°. The infrared
gpectrum of this compound was identical to that of the com-
pound prepared by the peracetic acid oxidation of aceto-
guanamine.

Anal. Caled. for C;H:H;O: C, 34.1; H, 4.98; N, 49.7.
Found: C, 34.4; H, 5.18; N, 49.5.
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Sodium Dicyanoacetamidine »ia Method C.—The prep-
aration of sodium dicyanoacetamidine from sodium acid
cyanamide and ethyl acetimidate hydrochloride will serve
to illustrate method C. A stirred solution of 123.4 g. (1
mole) of ethyl acetimidate hydrochloride in 500 ml. of
absolute methanol was treated with 168.5 g. (2.2 moles) of
powdered 83.59%, sodium acid cyanamide and the mixture
heated to reflux. A gentle stream of nitrogen was passed
through the system to aid in the removal of ammonia which
was liberated in the reaction. After refluxing for 27 hr.,
the mixture was cooled to room temperature and filtered.
The filtrate was allowed to evaporate at room temperature
for 5 days and then in a 60° oven to constant weight.
There was obtained 114.5 g. of a light yellow solid which
melted at 233-235° with decomposition and which gave a
green precipitate with aqueous copper sulfate. This ma-
terial was of suitable purity for further reactions. An
analytical sample was obtained as follows: An amount of
8.6 g. was warmed with 10 ml. of water, and after refrig-
erating overnight was filtered; the filtrate was evaporated
to dryness, 7.5 g., m.p. 240-242°.  After this material was
recrystallized twice from ethanol-ether, there was obtained
1.5 g. of a white solid, m.p. 262-263° dec.; green precipi-
tate with aqueous copper sulfate.

Anal. Caled. for C,H;N,Na: C, 36.9; H, 2.31; N, 43.3.
Found: C, 36.8; H, 2.45; N, 43.3.

A similar preparation using dimethyl sulfoxide as solvent
gave a 559, crude yield.

Dicyanoamidines »a Cyanogen Chloride and Amidines.
Method D.—The cyanogen chloride used in these reactions
was obtained from the liquid outlet of a cyanogen chioride
cylinder and collected in a chilled (0 to 5°) graduate cylinder.
It was allowed to vaporize from this cylinder (a porous
plate chip added greatly in vaporization) and was conducted
via Tygon and glass tubing to the reaction flask and added
as a gas just above the surface of the stirred mixture. Ces-
sation of the gas flow was easily achieved by cooling the
graduate cylinder to 0-5°. Compound numbers in this
gection refer to those in Table II.

The general procedure consisted in treating a slurry of
amidine hydrochloride in acetone with 2 equivalents of
powdered potassium hydroxide, stirring for 15-20 min. at
—15 to —20° and then adding 1 equivalent of cyanogen
chloride gas at 7 to 11°. Completion of the reaction in
most cases was evident by cessation of the exotherm and
the fall in pH from about 11 to 89, The mixture was then
chilled to —15 to —20° and the addition of 2 equivalents of
potassium hydroxide and 1 equivalent of cyanogen chloride
was repeated as before. After completion of reaction,
the mixture was stirred for 30-45 min. at 5 to 15°, filtered
and the filtrate adjusted to pH 5-6 with acetic acid. The
filtrate was distilled <n vacuo (pot temperature < to 25°)
first on the water aspirator and then under high vacuum
(1 mm.) until it was evident that all of the acetone and most
of the water formed in the reaction has been removed. The
residue which was usually a sirup or a thick slurry was
treated with isopropyl aleohol (compounds 1 and 5), or ether
(compounds 3, 6, and 7) to induce crystallization. The
crude material was then recrystallized where necessary
although in many cases it was of sufficient purity to use as
isolated.

Potassium Dicyanoacetamidine via Method D.—A
stirred slurry of 47.2 g. (0.5 mole) of acetamidine hydro-
chloride in 500 ml. of acetone was cooled to —20 to —30°
and 66 g. (1.0 mole) of 85% powdered potassium hydroxide
was added in one portion, the temperature being held at
—20° or lower. After stirring for 20 min. at —20 to —5°,
cyanogen chloride gas was added through a tube just above
the surface of the agitated slurry, the temperature being
held at 7 to 9°. Addition of 30.7 g. (0.5 mole) of cyanogen
chloride required about 50 min., the pH of the mixture by
this time had fallen from 10 to about 8 and the exotherm also
ceased. The flow of cyanogen chloride was interrupted and
the reaction flask cooled to —20° and 66 g. (1 mole) of 859,
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powdered potassium hydroxide was added. The solids
tended to agglomerate so 200 ml. of additional acetone was
added. After stirring for 15-20 min. at —20 to —5°,
cyanogen chloride gas was added as above. The tempera-
ture was held at 7-9° and the addition of 30.7 g. (0.5 mole)
required 1 br. and 10 min. The mixture was stirred at
5 to 15° for 35 min., cooled to 5°, filtered and the filtrate
acidified to pH 6 with acetic acid. The filtrate was allowed
to stand overnight and then distilled in vacuo (Dry Ice on
the receiver) first at the aspirator and then at 1-2 mm.;
a smooth paste remained. This was treated with 200 ml.
of isopropyl aleohol, stirred for 1 hr., chilled, and filtered,
the cake being washed with ether; 43.3 g. of a white solid,
m.p. 208-210° (turbid melt). An infrared spectrum of this
sample was essentially identical with that of sodium di-
cyanoacetamidine prepared via method C, and gave a good
precipitate with copper sulfate. Analysis of this unrecrystal-
lized material showed a high degree of purity.

Anal. Caled. for CH;:NK: C, 32.8; H, 2.07. Found:
C, 31.5; H, 1.94.

Copper(I) Dicyanoacetamidine.—A solution of 16.8 g.
(0.1 mole) of sodium dicyanoacetamidine (77.2% real) in
15 ml. of water was treated with a solution of 24.8 g. (0.1
mole) of copper sulfate pentahydrate in 50 ml. of water.
The green precipitate which formed immediately was stirred
for 1 hr. at room temperature and filtered, 12 g., m.p.
>300°. Elemental analysis indicated that two dicyanoacet~
amidine groups are associated with each copper atom.

Anal. Caled. for CgHgNsCu-2H,0: C, 30.7; H, 3.19;
N, 35.7. Found: C, 30.4; H, 2.83; N, 35.4.

An attempt to convert the copper salt to the free acid with
hydrogen sulfide was not successful. Also, an attempt to
convert sodium dicyanoacetamidine to the free acid with
concentrated hydrochloric acid did not lead to any product
suitable for analysis.

Dicyanobenzamidine from the Potassium Salt.—A solu-
tion of 5 g. of potassium dicyanobenzamidine in 50 ml. of
water was chilled to 10° and treated dropwise at 10 to 15°
with concentrated hydrochloric acid to maximum precipi-
tation. The mixture was stirred at 10 to 15° for 5 min.,
filtered and the cake washed with a small amount of water.
After drying in vacuo over phosphorus pentoxide and potas-
sium hydroxide pellets at room temperature, the material
weighed 4 g., m.p. 102° dec. Dicyanobenzamidine appears
to be a very strong acid and gave a pea-green precipitate
with copper sulfate solution.

Anal. Caled. for C;HeN,-H,0: C, 57.5; H, 4.26; N,
29.7; H,0, 9.56. Found: C, 57.4; H, 4.12; N, 29.7;
H,0, 10.1.

Deoxygenation of Acetoguanamine N-Oxide with Phos-
phorus Trichloride.—A mixture of 2 g. of acetoguanamine
N-oxide, 12.6 g. of phosphorus trichloride, and 40 ml. of
chloroform was refluxed for 5 hr. The suspension after
cooling was collected and the dry material added to 7 ml. of
water with stirring and chilling (mild exotherm). The
precipitate which formed was filtered and the damp cake
was slurried in 5 ml. of water. After making the mixture
alkaline to pH 8 with solid sodium carbonate, it was heated
to boiling and filtered; the precipitate which formed on
chilling was collected (0.7 g.) and recrystallized from 5 ml.
of water. A white solid melting 267-269° and possessing
an identical infrared spectrum with an authentic sample of
acetoguanamine was obtained.

Anal. Caled. for C;H/Ns: C, 38.4; H, 5.63; N, 56.0.
Found: C, 38.4; H, 5.39; N, 56.1.

2-Amino-4-hydroxyamino-6-methyl-s-triazine.—To a
stirred solution of 16.4 g. (0.1 mole) of 2,4-dichloro-6-
methyl-s-triazine in 250 ml. of ether at 0-2° was added in
portions 5.5 g. (0.1 mole) of potassium amide. After 0.5
hr., there still appeared to be no reaction so ten 3/g-in.
diameter steel balls were added to the reaction mixture.
The character of the solids gradually changed and a fine
white granular material formed. Stirring at 2 to 5° was
then carried out for 1 hr., followed by 20 hr. at room tem-



3896

perature. To this thin slurry was added in one portion an
intimate mixture of 9.04 g. (0.13 mole) of hydroxylamine
hydrochloride and 12.1 g. (0.115 mole) of anhydrous sodium
carbonate followed by dropwise addition of 8 ml. of water.
After stirring for 4 days at room temperature, the ether was
decanted and the gummy residue triturated with 200 mi. of
ice water, the pH (7.5) being adjusted to 6 with acetic acid.
Filtration followed by air drying for 10 hr. and then oven-
drying (60°) to constant weight gave 13.2 g. of a light gray
solid, m.p. 230, partial decomposition, with no further
melting after 300°. This material gave a violet color with
aqueous ferric chloride. Recrystallization of 2 g. from 100
ml. of distilled water (not all dissolved) gave 0.8 g. of an
off-white solid with an indeterminate melting point, violet
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color with ferric chloride, and an infrared spectrum dif-
ferent le'om the peracetic acid oxidation product of aceto-
guanamine.

Anal. Caled. for CH:N:O: C, 34.1; H, 4.98; N, 49.7.
Found: C, 34.3; H, 5.09; N, 49.6.
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The preparation of p-xylothiapyranose is described. The synthesis and certain properties of methyl-p-xylothiapyranos
side, methyl p-ribothiapyranoside, and methyl 2-deoxy-p-ribothiapyranoside are given.

The possibility of producing analogs of sugars in
which the ring oxygen is replaced by sulfur or
nitrogen is intriguing, not only from the point of
view of the chemistry involved but from the possi-
bility that analogs of important metabolic sugars
such as p-glucose, p-ribose and 2-deoxy-p-ribose
may be of biochemical and medical interest.
Consequently, work was initiated here to produce
sugars wherein the ring oxygen atoms are suitably
replaced, initially with sulfur. To obtain such
sugars in which sulfur is positively located in a
stable sugar ring, several methyl p-pentothiapyran-
osides were first prepared.

Previous work involved analogs of methyl p-
xylopyranoside in which sufur replaced the ring
oxygen.? Ring size was determined by periodate
oxidation and isolation of the expected amount of
formic acid. Shortly before the announcement of
the synthesis of methyl a-p-xylothiapyranoside,
two other reports®* appeared on the synthesis of
p-xylose and 1-idose with sulfur as the ring hetero
atom as indicated mainly by spectral data. How-
ever, production of crystalline methyl e-p-xylothia-
pyranoside made it easy to obtain definite chemical
evidence that sulfur was a part of a stable ring.
This initial work is now extended to p-ribose and 2-
deoxy-p-ribose.

Synthesis of the two latter pentothiapyranosides
is somewhat more difficult than the synthesis of
methyl a-p-xylothiapyranoside. This sugar deriv-
ative is prepared by displacement of the tosyloxy

(1) Journal Paper No. 1913 of the Purdue University Agricultural
Experiment Station. Presented in part at the 141st National Meeting
of the American Chemieal Society, Washington, D. C., March, 1962.

(2) R. L, Whistler, M. S. Feather, and D. L. Ingles, J. Am. Chem.
Soe., 84,122 (1962),

(3) J. C. P. Schwartz and K. C. Yule, Proc. Chem. Soec., 417 (1961).

(4) T.J. Adley and L. N. Owen, tbid., 418 (1961).

group in 1,2-O-isopropylidene-5-O-tosyl-a-p-xylo-
furanose® (I) with the thiobenzyl nucleophile,
reduction to the mercapto derivative (III), and
methanolysis. The methyl a-p-xylothiapyranoside
(IV) has the expected molecular weight and liber-
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ates one mole of formic acid on treatment with
periodate. During oxidation, excess periodate is
consumed, probably in the formation of a sulfoxide
or sulfone.® The alpha configuration at the ano-
meric carbon is suggested by the high positive
specific rotation of the glycoside which mutarotates
downward on acid hydrolysis.

Somewhat similar reactions are possible for the
introduction of sulfur into p-ribose. Methyl 2,3-0-
isopropylidene-p-ribofuranoside is converted to the
crystalline 5-O-tosyl derivative’ (V) and thence by
tosyloxy displacement, to the 5-deoxy-5-thiobenzyl
derivative (VI) which on reduction results in the

(5) P. A. Levene and A. L. Raymond, J. Biol. Chem., 108, 317
(1933).

(6) N.J. Leonard and C. R. Johnson, J. Org. Chem., 37, 282 (1961).
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