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IMIDAZOl1,S-d]-AS-TRIAZINE-4(3H)-ONES AND 
THIONES 

2 
DETAILED DESCRIPTION OF THE 

INVENTION 

The novel compounds of the present invention are 
Matter enclosed in heavy brackets [ ] appears in the 5 generally obtainable as white to yellow crystalline ma 

original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

This application is a reissue application of our original 10 
US. Pat. No. 4,107,307, dated Aug. 15, I978, Ser. No. 
843,174, ?led Oct. 18, I 977, which is a continuation-in 
part application of our copending application, Ser. No. 
765,318, ?led Feb. 3, 1977, now abandoned. 

N 

15 

A 
NH 

terials having characteristic melting points and absorp 
tion spectra and which may be purified by recrystalliza 
tion from common organic solvents such as methanol, 
ethanol, dimethylformamide chloroform, and the like. 
They are appreciably soluble in non-polar organic sol 
vents such as diphenyl ether and carbon tetrachloride 
but are relatively insoluble in water. 
The compounds (I) of the present invention wherein 

R 3 and R4 are both hydrogen may be readily prepared in 
accordance with the following reaction scheme: 

R2 

(m% N A NH (In) 

l 

BRIEF SUMMARY OF THE INVENTION 

This invention relates to new organic compounds and 
more particularly, is concerned with novel substituted 
imidazo[l,5-d]-as~triazin-4(3H)-ones and -thiones which 
may be represented by the following structural formula: 

A 
(I) 

wherein X is divalent oxygen or divalent sulfur; R1 is 
hydrogen, alkyl C1-C3, bromo, chloro, iodo or halo, 
alkyl C1-C3; R2 is hydrogen, alkyl C1-C6, cycloalkyl 
C3-C6, methoxymethyl, benzyl, naphthyl, or phenyl 
optionally substituted with halogen, alkyl C1-C4, alk 
oxy C1-C4, halokyl C|—C3, amino, dialkylamino and 
nitro, R3 is hydrogen, alkyl C1-C3, alkenyl C3-C4 or 
alkynyl C3—C4; and R4 is hydrogen or alkyl C1-C3. 
A preferred embodiment of the present invention 

may be represented by the above structural formula (I) 
wherein X is divalent oxygen; R| is methyl, bromo or 
chloro; R2 is cycloalkyl C3-C6, phenyl or m-tolyl; and 
R3 and R4 are both hydrogen. 
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(VI) (VII) 

wherein R is methyl or ethyl, R1 is hydrogen or alkyl 
having up to 3 carbon atoms, and R2 is as hereinabove 
de?ned. In accordance with the above reaction scheme, 
an appropriately substituted 4-imidazolemethanol (II) is 
oxidized with concentrated nitric acid to provide the 
corresponding 4-imidazolecarboxaldehyde (III). This 
oxidation is best carried out by suspending or dissolving 
each gram of starting material (II) in from about 1 ml. to 
about 7 ml. of concentrated nitric acid and heating the 
reaction mixture at steam bath temperature for 2-3 
hours. Alternatively, the reaction mixture may ?rst be 
allowed to stand at room temperature for 8-16 hours 
and then heated for a short time (15-30 minutes) on the 
steam bath. The resulting reaction solution is preferably 
?rst diluted with water and then neutralized with any 
convenient base such as caustic, soda ash, or concen 
trated aqueous ammonia. The precipitated product (III) 
is removed, washed with water, and puri?ed by recrys 
tallization from common organic solvents such as ethyl 
acetate, ethanol, and the like. Alternatively, the 4 
imidazolemethanol (II) may be oxidized with activated 
manganese dioxide in chloroform or tetrahydrofuran 
from room temperature to reflux temperatures for a 
period of 4-6 hours to provide the 4-imidazolecarbox 
aldehyde (III). 
The 4-imidazolecarboxaldehyde (III) may be readily 

converted to the 3-(4-imidazolylmethylene)dithio-car 
bazic acid ester (IV) or the 3'(4-imidazolylmethylene) 
carbazic acid ester (V) by treatment with methyl or 
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ethyl dithiocarbazinate or with methyl or ethyl carba 
zate, respectively. This condensation is conveniently 
carried out in a lower alkanol solvent containing a few 
drops of glacial acetic acid at a temperature of 25°—75° 
C. whereupon the product (IV) or (V) forms almost 
immediately and is removed by ?ltration. Cyclization of 
the 3-(4-imidazolylmethylene)dithiocarbazic acid ester 
(IV) and the 3-(4-imidazolylmethylene)carbazic acid 
ester (V) is readily accomplished by heating in a nonpo 
lar high boiling organic solvent such as diphenyl ether 
at l75°~275° C. for 15-30 minutes whereby the corre 
sponding imidazo[l,5-d]-as-triazine-4(3H)-thiones (VI) 
and imidazo[l,5-d]-as-triazin-4(3H)-ones (VII) are ob 
tained. 
The compounds (VII) wherein R1 is chloro or bromo 

may be prepared by the chlorination or bromination, 
respectively, of the corresponding compounds (VII) 
wherein R1 is hydrogen. This halogenation is accom 
plished by treating the starting materials with chlorine 
or bromine in an inert solvent such as chloroform or 
carbon tetrachloride at steam bath temperature. The 
oxo compounds (VII) can be converted to the thio 
compounds (VI) by treating with phosphorus pentasul 
?de in an inert solvent such as pyridine at the re?ux 
temperature. This is a particularly convenient method 
when R1 is halogen. 
The compounds (VII) wherein R1 is iodo may be 

prepared as follows: 
The aldehyde (III) wherein R1 is hydrogen is con 

verted to the dimethyl acetal in methanol/HCl. The 
dimethyl acetal is iodinated, and then hydrolyzed to 
yield the corresponding iodoaldehyde (Illa): 

R2 (Illa) 

/ 

N NH 

The thus-obtained iodoaldehyde (Illa) is then con 
verted by following the above-described route to the 
desired compound (VII) wherein R1 is iodo. 

Introduction of a R4 substituent into the imidazo 
astrazinone ring may be accomplished by treatment of 
aldehyde (III) with alkyl(C1—C3) magnesium bromide 
followed by a Jones oxidation. The latter method is 
described by Jones et al in JCS. 1946, 39 and in JCS. 
1953, 457, 2548 and 3019. During oxidation of the sec 
ondary alcohol, a ketone (VIII) is obtained. These reac 
tions are illustrated hereinbelow as follows: 

I 

NH 

(III) 
R2 

/ 
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4 
-continued 
R2 

/ 
NH 

(VIII) 

The remaining synthetic steps to the formula (I) prod 
uct, wherein X is oxygen and R3 is hydrogen, are ac 
complished by the above-described procedures via cy 
clization of the carbazic acid ester derivative of formula 
(VIII) ketone in either diphenyl ether or, preferably, 
o-dichlorobenzene. 

Alkylation of formula (I) imidazo-as-triazone com 
pounds (R3 is hydrogen) at the 3-N-position is accom 
plished using conventional alkylating agents. 
Another superior procedure for the 3-N-methylation 

of a specific imidazo-as triazinone, namely, 8-methyl-6 
phenylimidazo[l,5-d]-as-triazin-4(3H)-one is the reac 
tion of the latter triazinone with dimethyl formamide 
dimethyl acetal in an inert solvent, such as benzene or 
toluene, at a temperature of about 80°-90° C. 
The novel compounds of the present invention are 

active as broad spectrum herbicides and in inhibiting the 
enzyme cyclic-—AMP phosphodiesterase which is re 
sponsible for the metabolism of cyclic AMP. As such, 
they are useful in the treatment of psoriasis, a disease in 
which the epidermal cyclic AMP levels are reported to 
be decreased. Also as such they are useful in the treat 
ment of asthma, since elevated levels of cyclic AMP in 
most cells are reported to inhibit the release of hista 
mine and other mediators and since elevated levels of 
cyclic AMP in bronchial smooth muscle are reported to 
cause bronchodilation. See Ann. Reports in Medicinal 
Chem, Vol. 10, 197 (1975). 
The inhibition of phosphodiesterase is determined by 

the mouse skin and monkey lung phosphodiesterase 
(PDE) inhibition tests as follows: 

(A) MOUSE SKIN INHIBITION 

Preparation of Mouse Skin PDE 

Hairless mice (Jackson Laboratories), 3-4 months old 
are killed by cervical dislocation and their skins re 
moved. Epidermal slices are taken at a thickness of 0.2 
mm. The slices are weighed and homogenized at 100 
mg./ml. in ice-cold tris-I-ICl buffer (0.04M, pH 8, con 
taining 0.005M MgClg). Homogenates are centrifuged 
at I7,000>< gravity for 30 minutes. The supernatants are 
divided into aliquots which are stored at ~20” C. Dilu 
tions of the PDE are made with tris-HCl buffer just 
prior to use. 

Anion Exchange Resin 

AGl-XZ ®, 200-400 mesh (a polystyrene anionic 
exchange resin 8% cross linked from Bio-Rad Lab.) is 
washed with 0.5N l-ICl, 0.5N NaOH, 0.5N HCl and 
repeatedly with double distilled water to pH 5. The 
resin is allowed to settle and 2 volumes of water are 
added to one volume of settled resin. 

Purification of 3H Cyclic AMP 

3H-Cyclic AMP (21 c/m mole, Schwarz-Mann Inc.) 
is puri?ed by addition of 0.1 to 0.2 ml. of stock (in 50% 
ethanol) to 5 ml. of anion exchange resin and 0.4 ml. of 
tris-l-ICl buffer. The mixture is vortexed, centrifuged at 
l200><gravity for 5 minutes and the supernatant is dis 
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carded. The resin is washed in the same manner eight 
more times with two volumes of tris-HCl buffer. Resin 
bound 3l-I-cyclic AMP is eluted by two successive 
washings with 4 ml. of 0.025N l-lCl (resin pH=2.0). 
After centrifugation, the pooled acid washes containing 
3H-cyclic AMP are aliquoted and lyophilized. The ma 
terial is stored dry at —20° C. and reconstituted with 
tris-HCl buffer just prior to use with a volume sufficient 
to give approximately 200,000 CPM/0.l ml. 

PDE Assay 

PDE activity is mesured by the method of W. .1. 
Thompson and N. N. Appleman, Biochemistry 10, 311 
(1971). Assays are conducted in 12x75 mm. polypro 
pylene test tubes. The reaction mixture consists of 3H 
cyclic AMP (200,000 CPM) unlabeled cyclic AMP, 
PDE (100 ug. protein) and test compound which are 
prepared by dissolving the compounds in methanol at a 
concentration of 10 mg./ml. and then dilution in tris 
HCl buffer. Final concentration of the test compounds 
in the incubation mixture is 10 ug./ml. The total volume 
of the incubation mixture is increased to 0.4 ml. with 
tris-HCl buffer containing 3.75 millimoles of Z-mercap 
toethanol. The enzyme is incubated for 10 minutes at 
room temperature in the presence of the test com 
pounds or buffer prior to the addition of the mixture of 
3H-cyclic AMP and unlabeled cyclic AMP. Reactions 
are run at 30‘ C. for 15 minutes and then terminated by 
immersing in acetone-dry ice until frozen, followed by 
boiling for 3 minutes. Tubes are cooled to room temper 
ature. 3H-5' AMP, fonned in the reaction is converted 
to 3H-adenosine by the addition of 0.1 ml. of a solution 
of 5'-nucleotidase [l6 ug./ml. in double distilled water 
Crotalus venom (Sigma Chemicals)] to the tubes which 
are incubated for 20 minutes at room temperature. This 
reaction is ended by the addition of one ml. of ice cold, 
stirred resin slurry which binds charged nucleotides 
(including 3I-I-cyclic AMP) but not 3I-I-adenosine. 
Tubes are vortexed and immersed in an ice bath for 15 
minutes and then centrifuged at l200>< gravity for 5 
minutes. A 0.5 m1. portion is taken from each, placed in 
liquid scintillation vials with 10 ml. of Ready-Solv V1 
(Beckman Ind.) and counted for radio activity. Assay 
"blanks", determined with assay buffer substituted for 
PDE are less than 1% of total 3H-cyclic AMP added 
when 3H-cyclic AMP is puri?ed as indicated. 

(B) MONKEY LUNG INHIBITION 

Preparation of Monkey Lung Cyclic AMP 
Phosphodiesterase 

Lung parenchyma of African green monkeys is ho~ 
mogenized in a Waring blender and centrifuged at 
40,000Xgravity for 20 minutes. The supernatant is 
brought to 70% saturation of ammonium sulfate, centri 
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fuged and the pellet redissolved and dialysed, before 
aliquoting and storage at —20° C. 

Assay of Monkey Lung Phosphodiesterase 
Phosphodiesterase is assayed by the method of 

Thompson and Appleman, ibid. An assay tube contains 
a 0.4 ml. solution of the following: 45 mM tris-HCl 
buffer, pH 7.4, 6.25 MgClz, 0.1 rnM dithioerythritol, 
10*6 M cyclic AMP, 0.1 uCi [3H]-cyclic AMP, and test 
compound at the desired concentration (usually 1 rnM 
or 0.1 mM). Compounds not readily soluble in water are 
dissolved at 40 times the desired concentration in meth 
anol, and diluted 20 times with water. If the compound 
is not dissolved at this time, it is suspended by sonication 
before being diluted 1:2 into the assay tube. ln this case 
the activity of the enzyme in the presence of the com 
pound is compared to a solvent control (2.5% metha 
nol), although the solvent alone has negligible effect. 
The reaction is initiated by addition of enzyme and 
proceeds at 25° C. for 20 minutes. It is terminated by 
incubation at 100° C. for 2 minutes. The tubes are 
cooled to 25° C., 0.8 ug of S'mucleotidase (Crotolu 
adamantus toxin) is added to each and the tubes incu 
bated at 25° C. for 30 minutes. A l milliliter suspension 
of Bio-Rad Labs. AGIX8 (about 0.5 ml. of settled resin) 
is added, the tubes centrifuged at 900x gravity for 10 
minutes and an aliquot of supernatant removed for scin 
tillation counting. The inhibition by the test compound 
is calculated as: 

_ ‘compound’ - ‘blank’ 
% of cumro] _ ‘control’ - ‘blank' 

where ‘compound’ is the cpm in the presence of com 
pound, ‘control’ is the cpm in the absence of compound, 
and ‘blank’ is the cpm in the absence of enzyme. Since 
this assay require sequential hydrolysis of cyclic AMP 
to AMP (by phosphodiesterase) followed by hydrolysis 
of AMP to adenosine (by 5'-nucleotidase), a compound 
which profoundly inhibited nucleotidase would appear 
to inhibit phosphodiesterase. For this reason, control 
tubes which contained [3H]-AMP instead of [3H]-cyclic 
AMP are run in parallel. A correction of the apparent 
phosphodiesterase activity is made for the rare com 
pound which inhibited the hydrolysis of AMP. 

Criterion for Activity as Inhibitor of Skin 
Phosphodiesterase 

A compound is considered active if it inhibits more 
than theophylline, that is, to 50% of control at l rnM 
concentration of compound, or to 80% of control of 
0.05 mM concentration of compound. 
The results with typical compounds of the present 

invention on inhibition of phosphodiesterase are re 
corded in Table I below. 

TABLE I 
Mouse Lung Mouse Skin 

Compound Phosphodiesterase (B) Phosphodiesterase (A) 

6-Propyl-imidazo{l,S-dl-as-triazine-4(3l-l)~thione Active Active 
8-Methyl-6—phenyl-imidazo[l ,5~d]~as-triazine<4(3H)-thione Active 
?-Phenyl-imidazo? ,5-dl-as-triazin-4-(3H)‘one Active 
S-Methyl—6-phenyl-imidazo[l ,5-d)-as-triazin-4(3H)-one Active Active 
6~Propyl-imidazo[l,5~d]-as»triazin~4(3H)»one Active 
6,8-Dimethyl-imidazo[l,5-d]-as-triazin-4(3H)-one Active Active 
8-Bromo~6-phenyl~imidazo[ l.5-d]-as-triazin-4(3 H)-one Active Active 
8-Chloro-6-phenyl-imidazo[l,5'd]-as-triazin-4(3H)-one Active Active 
G-Benzyl-S-methyl-imidazoll,5-d]-as-triazin-4(3H)-one Active 
b-tcrt-Butyl-8-methyl~imidazo[l,S-dl-as-triazin-4(3H1lone Active Active 
6-Benzyl-?-methyl-imidazcll,S-dl-as-triazin-4(3H)~thione Active Active 
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TABLE I-continued 
Mouse Lung Mouse Skin 

Compound Phosphodiesterase (B) Phosphodiesterasc (A) 
8-Methyl-6-propyl-irniduo[l.5-d]-as-triazin-4(3H)-thione Active Active 
8-Methyl-imidazo{1.S-d]-ss-triuine-4(3H)-thione Active 
6-o-Propoxypheny1-imidazo[ l.S-d]-ns-triszin-4(JH)-one Active 
?-benzyl-imidnol l ,5-dl'li-triazin-4(3H)-one Active 
6-tert~Butyl-imidazo[ l ,$-d]-as-tri|zin-4(3H)-one Active 
8-Methyl-imidno[1,5-d]-ss-triuin-4(3H)-one Active 
6,8-Dimethyl-imidazoI1,5-d]-as-triazin-4(3H)-thione Active 

Some of the novel compounds of the present inven 
tion possess anti-hypertensive activity at non-toxic 
doses and as such are useful as hypotensive agents. 
These compounds have been tested pharmacologically 
and found to have such properties with a desirable wide 
spread between doses producing lowered blood pres 
sure and toxic symptoms. In determining this effect of 
these compounds on hypertension, adult male, 16-20 
weeks old, spontaneous hypertensive rats from Taconic 
Farms, Germantown, N.Y., weighing about 300 grams 
are used. The rats are dosed by gavage with the test 
compounds at the indicated close. All doses of drug 
were suspended in 2% starch (2 ml./kg.). A second 
identical dose of the test compound is given at the 24th 
hour. The mean arterial blood pressure (MAP) of the 
conscious rats is measured directly by femoral artery 
puncture at the 28th hour. The results of this test on 
these compounds appear in Table 11 below. 

20 

25 

administered in amounts ranging from about 1.0 migram 
to about 100.0 mg. per kilogram of body weight per 
day. A preferred dosage regimen for optimum results 
would be from about 5.0 mg. to about 50.0 mg. per 
kilogram of body weight per day, and such dosage units 
are employed that a total of from about 035 gram to 
about 3.5 gram of active compound for a subject of 
about 70 kg. of body weight are administered in a 24 
hour period. The dosage regimen may be adjusted to 
provide the optimum therapeutic response. For exam 
ple, several divided doses may be administered daily or 
the dose may be proportionally reduced as indicated by 
the exigencies of the therapeutic situation. A decided 
practical advantage of this invention is that the active 
compounds may be administered in any convenient 
manner such as by the oral, intravenous, intramuscular, 
or subcutaneous routes and also by inhalation therapy 
including aerosol sprays. 

TABLE 11 30 Compositions according to the present invention 
MAP (mm Hg) having the desired clarity, stability and adaptability for 

Compound Dose mg/kg 28th hour parenteral use are obtained by dissolving from 0.10% to 
lmidazunlgdlimrig [on 123 10.0% by weight of active compound in a vehicle con 
zin-4(3H)—thi0ne sisting of a polyhydric aliphatic alcohol or mixtures 
3‘M€‘h¥1'1mid“°[l-5'd]‘ 25 130 35 thereof. Especially satisfactory are glycerin, propylene 
agr'lzzm'imm' glycol, and polyethylene glycols. The polyethylene 
6_p|-°py|-imidazO[]|5_d]_ [on 136 glycols consist of a mixture of non-volatile, normally 
as-triazine—4(3H)— liquid, polyethylene glycols which are soluble in both 
'hi‘me , _ water and organic liquids and which have molecular 
g‘orr'zstzylljs'fmcamlm'da' '00 128 40 weights of from about 200 to 1500. Although the 
“yiymione amount of active compound dissolved in the above 
6~Phenyl-imidazo[l,5-d]~ 100 117 vehicle may vary from 0.10 to 10.0% by weight, it is 
“"YiaZi"4(3H)°"€ _ preferred that the amount of active compound em 
igncgéligggmfm'da' ‘00 '33 ployed be from about 3.0 to about 9.0% by weight. 
“3th.”: 45 Although various mixtures of the aforementioned non 
6,8-Dimethyl-irnidazo- 50 70 volatile polyethylene glycols may be employed, it is 
il'5'di'as'iriazin' preferred to use a mixture having an average molecular 

zfgg'gcfymmidaw ‘00 135 weight of from about 200 to about 400. 
[]'5_d)_as_triu,n_ In addition to the active compound, the parenteral 
4(3H)-one 50 solutions may also contain various preservatives which 
trMsthyl-imidawllé-dl- 100 120 may be used to prevent bacterial and fungal contamina 

d]_ [00 9| tion. The preservatives which may be used ‘for ‘these 
asq?ujrhqj?yone purposes are, for example, myristyl-gamma-picolinium 
6-tert-Butyl~8-methyl- 100 133 chloride, benzalkonium chloride, phenethyl alcohol, 
i“}id?1°[l'5'd]'”‘ 55 p-chlorophenyl- -glycerol ether, methyl and propyl 
‘6"8=§')'!“‘<3")'9"s parabens, and thimerosal. As a practical matter, it is also 

, - imethyl-lmidazo— 100 93 . . . . . . 

nlgdhmriazing convenient to employ antioxidants. Suitable antioxi 
4(3H)-thione dants include, for example, sodium bisull'ite, sodium 
8-M?hyl4wwpyl-jmi- 50 127 metabisul?te, and sodium formaldehyde sulfoxylate. 
gzszgggrfl'as'mazm' 60 Generally, from about 0.05 to about 2.0% concentra 
5_Me'hoxymethy;_imidazo_ I00 mo tions of antioxidant are employed. 
[l.5-d]-as-triazine- For intramuscular injection, the preferred concentra 
4(3H)“hi°"e , tion of active compound is 0.25 to 0.50 mg./ml. of the 
comm“ veh‘cle ‘66 ?nished compositions. The novel compounds of the 

65 present invention are equally adapted to intravenous 
The novel compounds of the present invention have 
thus been found to be highly useful for meliorating 
asthma and for inhibiting diesterase in mammals when 

administration when diluted with water or diluents 
employed in intravenous therapy such as isotonic glu 
cose in appropriate quantities. For intravenous use. 
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initial concentration down to about 0.05 to 0.25 mg./ml. 
of active ingredient are satisfactory. 
The active compounds of the present invention may 

be orally administered, for example, with an inert dilu 
ent or with an assimilable edible carrier, or they may be 
enclosed in hard or soft shell gelatin capsules, or they 
may be compressed into tablets, or they may be incor 
porated directly with the food of the diet. For oral 
therapeutic administration, the active compounds may 
be incorporated with excipients and used in the form of 
tablets, troches, capsules, elixirs, suspensions, syrups, 
wafers, and the like. Such compositions and prepara 
tions should contain at least 0.1% of active compound. 
The percentage of the compositions and preparations 
may, of course, be varied and may conveniently be 
between about 2% to about 60% of the weight of the 
unit. The amount of active compound in such therapeu 
tically useful compositions is such that a suitable dosage 
will be obtained. Preferred compositions or prepara 
tions according to the present invention are prepared so 
that an oral dosage unit form contains between about 
250 and 500 milligrams of active compound. 
The tablets, troches, pills, capsules and the like may 

also contain the following: a binder such as gum traga 
canth, acacia, corn starch or gelatin; excipients such as 
dicalcium phosphate; a disintegrating agent such as 
corn starch, potato starch, alginic acid and the ike; a 
lubricant such as magnesium stearate; and a sweetening 
agent such as sucrose, lactose or saccharin may be 
added or a ?avoring agent such as peppermint, oil of 
Wintergreen, or cherry ?avoring. When the dosage unit 
form is a capsule, it may contain, in addition to materials 
of the above type, a liquid carrier such as a fatty oil. 
Various other materials may be present as coatings or to 
otherwise modify the physical form of the dosage unit. 
For instance, tablets, pills or capsules may be coated 
with shellac, sugar or both. A syrup or elixir may con 
tain the active compound, sucrose as a sweetening 
agent, methyl and propylparabens as preservatives, a 
dye and ?avoring such as cherry or orange ?avor. Of 
course, any material used in preparing any dosage unit 
form should be pharmaceutically pure and substantially 
non-toxic in the amounts employed. 
The invention will be described in greater detail in 

conjunction with the following speci?c examples. 

EXAMPLE 1 

5-Methyl—2-phenyl-4-imidazolemethanol 
A 100 gm. portion of benzamidine hydrochloride is 

dissolved in a minimum of water (350 ml.) at room 
temperature. A 67 gm. portion of freshly distilled 2,3 
butanedione is added giving a yellow solution. Adjust 
ing the pH to 6-7 with 2N NaOH gives a solid which is 
allowed to stand at 0° C. for 2 hours, collected, pressed 
dry and then washed with I00 ml. of acetone. This 
material is heated with stirring on a steam bath with 855 
ml. of concentrated HCl and 2437 ml. of water for 4 
hours giving a solution. Cooling to room temperature 
overnight and then to 0° C. produces a solid which is 
collected and air dried. This solid is dissolved in 350 ml. 
of ethanol, ?ltered and cooled producing a gel, which is 
taken up in 250 ml. of 50°—60° C. water, adjusted to pH 
5.5 with concentrated NaOH and then to pH 7-8 with 
solid KHCO3. The mixture is cooled to 0° C. and the 
product is collected, washed with water, and air dried. 
This product is recrystallized from 1 liter of methanol 
giving the ?nal product, m.p. l97°-l99° C. 
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10 
Alternatively, this product may be prepared by the 

method of Imbach et al., Bull. Soc. Chim. France, 1971, 
I052. 

EXAMPLE 2 

2-Phenyl~4-imidazolomethanol 
This product is prepared by the methods of Dziuron 

and Schunack, Arch. Pharm., 306, 347 (1973) and 307, 
46 (1974). 

EXAMPLE 3 

2-n-Propyl-4-imidazolemethanol 
A mixture of 180 gm. of l,3-dihydroxyacetone dimer, 

245 gm. of butyramidine hydrochloride and 1 liter of 
liquid ammonia are warmed to 60° C. for 5 hours in a 
bomb. The mixture is evaporated to dryness and the 
residue is stirred with 600 ml. of 2-propanol. The mix 
ture is ?ltered and the ?ltrate is concentrated in vacuo. 
A 600 ml. portion of 50% saturated aqueous sodium 
carbonate is added and the mixture is extracted with 
three 150 ml. portions of tetrahydrofuran. The com 
bined organic layers are washed with 330 ml. of satu 
rated aqueous sodium carbonate. The organic layer is 
dried over anhydrous sodium sulfate and evaporated to 
dryness. The residue is twice recrystallized from ace 
tone giving the product, m.p. 95°—10l° C. 

EXAMPLE 4 

2,5-Dimethyl-4-imidazolemethanol hydrochloride 
This product is prepared by the method of Imbach et 

al., Bull. Soc. Chim. France, 1971, 1052. 

EXAMPLE 5 

Z-Methyl-4-imidazolemethanol 
A 189 gm. portion of acetamidine hydrochloride and 

180 gm. of l,3-dihydroxyacetone are combined with 1 
liter of liquid ammonia as described in Example 3, giv 
ing the desired product, m.p. ll5°—ll7.5° C. 

EXAMPLE 6 

4, S-Dimethyl-Z-n-propyl-2-imidazoline-4,S-diol 
hydrochloride 

A 112.7 gm. portion of butyramidine hydrochloride is 
dissolved in 200 ml. of water. A 107 gm. portion of 
freshly distilled diacetyl is added and the mixture is 
stirred. The pH is adjusted to 6.5-7.0 with 2N NaOH 
and the solution is chilled. The desired product is col 
lected as a solid, mp. l04°-l07° C. 

EXAMPLE 7 

5-Methyl-2-n-propyl-4-imidazolemethanol 
The product from Example 6 is dissolved in 900 ml. 

of water and 350 ml. of concentrated hydrochloric acid, 
heated on a steam bath for 5 hours and then chilled. The 
solution is concentrated in vacuo and a mixture of l00 
ml. of acetone and 100 ml. of ethanol is added. The 
mixture is ?ltered. The ?ltrate is evaporated and the 
residue is dissolved in 50 ml. of water and neutralized 
with a concentrated solution of KZCO], until bubbling 
ceases. The top layer is separated and combined with 5 
ml. of methanol. On standing, a precipitate forms. The 
solid is collected and the filtrate is diluted with acetone 
to give a second precipitate which is also collected. The 
solids are combined and recrystallized from hot acetone 
giving the desired product, m.p. l34°—l36° C. 
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EXAMPLE 8 

5-Methyl-4-imidazolemethanol 
This product is prepared by the method of Ewins, J. 5 

Chem. Soc. 99, 2052 (191i). 

EXAMPLE 9 

2-(o-Propoxyphenyl)-4~imidazolemethanol 
A 130 gm. portion of salicylamide in 500 ml. of etha 

nol is reacted with 52.4 gm. of sodium methoxide and 
164.9 gm. of l-iodopropane by heating at re?ux. The 
mixture is cooled, precipitated in 1500 ml. of water and 
the solid is recrystallized from hot ethanol giving 0 
propoxybenzamide. 
A l09 gm. portion of the above compound in 500 ml. 

of chloroform is reacted with 49.4 ml. of methyl ?uoro 
sulfonate by re?uxing for 3 hours. After cooling, the 
mixture is concentrated to an oil. Ether is added form 
ing crystals which are recovered, giving o-propoxy 
benzimidic acid methyl ester ?uorosulfate. 
A 180 gm. portion of this latter product and 55.0 gm. 

of l,3-dihydroxyacetone in one liter of liquid ammonia 
are reached as in Example 3, giving the desired product, 
m.p. 90°—92° C. 

EXAMPLE l0 

Z-Benzyl-4-imidazolemethanol 
A 352 gm. portion of benzyl cyanide, 750 ml. of di 

ethyl ether and 300 ml. of dry ethanol are placed in a 2 
liter, three-necked flask with a magnetic stirrer, drying 
tube and quick-disconnect gas inlet. The mixture is 
stirred in an ice bath while hydrochloride gas is bubbled 
in for 1 hour. The mixture is placed in a chill room 
overnight. One liter of ether is added and the mixture is 
cooled. The precipitate is collected and washed with 
ether giving ethyliminophenylacetate hydrochloride. 
A 272 gm. portion of the above compound and 126 

gm. of 1,3-dihydroxyacetone in 1 liter of liquid ammo 
nia are reacted as in Example 3 giving the desired prod 
uct, m.p. l34°—l35° C. 

EXAMPLE 1 l 

2-Methoxymethyl-4-imidazolemethanol 
A 307.2 gm. portion of ethyl Z-methoxyacetimidate 

hydrochloride [Rule, J. Chem. Soc. H3, 9 (1918)] and 
180 gm. of l,3»dihydroxyacetone in 1 liter of liquid 
ammonia are reacted as described in Example 3 giving 
the desired product as an oil. A crystalline picrate salt 
(mp. l75°—l78“ C.) is obtained by heating the oily prod 
uct and picric acid in water. 

EXAMPLE l2 

Z-tert-Butyl-4-imidazolemethanol 
A mixture of 326 gm. of pivalimidic acid methyl ester 

hydrochloride and 193.5 gm. of 1,3-dihydroxyacetone 
in 2 liters of liquid ammonia are reacted as described in 
Example 3, giving the desired product, m.p. 2l2°—22l° 
C. 

EXAMPLE l3 

2-tert<Butyl-5—methyl-4-imidazolemethan0l 
In a 2 liter, three-necked ?ask, equipped with a mag 

netic stirrer, drying tube and gas inlet tube, is put 200 
gm. of trimethylacetonitrile, 250 ml. of methanol and 
500 ml. of diethyl ether. Hydrochloride gas is bubbled 
in for 2 hours with stirring. The mixture is transferred to 
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a beaker, ether is added and the beaker is covered and 
stored in a cold room overnight. A 500 ml. portion of 
ether is added and the solid is filtered and washed with 
ether, giving white crystals of pivalimidic acid methyl 
ester hydrochloride. 
A 75 gm. portion of the above material is converted 

to methyl pivalimidate hydrochloride by the method of 
Brown and Evans, J. Chem. Soc. l962, 4039. 
A 61 gm. portion of this latter product is dissolved in 

50 ml. of water with warming and then cooled to room 
temperature. A 38.3 gm. portion of freshly distilled 
diacetyl is added and the reaction is continued as de 
scribed in Examples 6 and 7 giving the desired product 
as white crystals, m.p. l95.5°-l96.5° C. 

EXAMPLE l4 

Z-Benzyl-5-methyl-4-imidazolemethanol 
To a solution of 109.6 gm. of a-phenylacetamidine 

hydrochloride [Luckenback, Chem. Ber. 17, 1423 
(l884)] in 50 ml. of water is added 55.4 gm. of freshly 
distilled diacetyl. The mixture is stirred, the precipitate 
is collected, triturated in portions with 200 ml. of ace 
tone and air dried, giving 2-benzyl-4,5-dimethyl-4,5 
dihydroxyimidazolidine. 
A mixture of 106 gm. of this latter product, 170 ml. of 

concentrated hydrochloride and 170 ml. of water is 
reacted as described in Example 7 giving the desired 
product, m.p. 134°~l38° C. 

EXAMPLE 1 5 

Z'Phenyl-4-imidazolecarboxaldehyde 
A 17.4 gm. portion of 2-phenyl-4-imidazolemethanol 

and BA ml. of concentrated HNO3 are heated on a 
steam bath for 2% hours. Three drops of fuming HNOg, 
are added to start the reaction. The pH is adjusted to 8 
with concentrated aqueous NagCO; and the mixture is 
cooled to 0° C. overnight. The solid is recovered, 
washed with water and recrystallized from a mixture of 
70 ml. of ethyl acetate and 20 ml. of petroleum ether 
giving a yellow solid. Treatment of the mother liquor 
with petroleum ether gives an additional tacky sub 
stance which is triturated with isopropanol giving a 
second solid. These two solids are taken up in hot iso 
propanol and recrystallized as a yellow solid. This solid 
is recrystallized from ethanolzwater (l:l) giving yellow 
crystals, m.p. l69°—l7l.5° C. 

EXAMPLE l6 

2-n-Propyl-4-imidazolecarboxaldehyde 
A solution of 108.6 gm. of 2-n-propyl-4-imidazoleme 

thanol in 107 ml. of concentrated HNO3 is reacted as in 
Example 15, giving the desired product, mp. 
l03.5°—l05.5“ C. 

EXAMPLE 1'! 

2-n-Butyl-4-imidazolecarboxaldehyde 
Following the general procedure of Example 15, 

2-n-butyl-4-imidazolemethanol is converted to 2-n 
butyl~4-imidazolecarboxaldehyde. 

EXAMPLE l8 

S-Methyl-2-phenyl-4-imidazolecarboxaldehyde 
A 102.1 grn. portion of 5-methyl-2-phenyl-4 

imidazolemethanol is dissolved in 765 ml. of concen 
trated HNO3. The solution is cooled in an ice bath and 
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allowed to stand for 16 hours. The solution is heated on 
a steam bath for 30 minutes, diluted with 2.3 liters of 
water and neutralized with 50% NaOH while cooling in 
an ice bath. The solid is collected, dried, recrystallized 
from 200 ml. of ethanol and then from 1 liter of 1:2 
ethanohwater giving the desired product, m.p. 102'14 
115' C. 

Alternatively, this product may be prepared by the 
method of Diels and Schleich, Chem. Ber. 49, 1711 
(1916). 

EXAMPLE l9 

S-Ethyl-Z-phenyl-4-imidazolecarboxaldehyde 
The procedure of Example 18 is repeated substituting 

an equimolecular amount of 5-ethyl-2-phenyl-4 
imidazolemethanol for the 5-methyl-2-phenyl'4 
imidazolemethanol employed in that example. There is 
thus obtained the title compound in equally good yield. 

EXAMPLE 20 

2,S-Dimethyl-4-imidazolecarboxaldehyde 
A 42.2 gm. portion of 2,5-dimethyl-4-imidazoleme 

thanol and 44.8 ml. of concentrated nitric acid are 
mixed. When the initial reaction subsides, the solution is 
heated on a steam bath for 1 hour. The reaction mixture 
is neutralized with concentrated aqueous sodium car 
bonate, then concentrated under vacuum. After leach 
ing the residue with 150 ml. of hot ethanol several times, 
the combined organic solution are concentrated under 
vacuum. Chromatographing the residual oil on silica gel 
gives a solid which is recrystallized from iso 
propanolethyl acetate to give the desired product, m.p. 
164.5°-166' C. 

EXAMPLE 2] 

5-Methyl-4-imidazolecarboxaldehyde 
This product is prepared by the method of Hubball 

and Pyman, J. Chem. Soc. 1928, 21. 

EXAMPLE 22 

Z-O-Propoxyphenyl-4-imidazolecarboxaldehyde 
A 44 gm. portion of 2-(o-propoxyphenyl)-4 

imidazolemethanol is placed in a 2 liter round bottom 
?ask together with 500 ml. of chloroform and 100 gm. 
of manganese dioxide. The mixture is stirred and re 
?uxed for 5* hours. The reaction mixture is ?ltered 
while hot. The manganese dioxide is triturated with 500 
ml. of hot chloroform and ?ltered. The two ?ltrates are 
combined and evaporated. The solid residue is recrys 
tallized from 200 ml. of hot ethyl acetate and charcoal 
giving the desired product, m.p. l04°—l05° C. 

EXAMPLE 23 

2-Meth yl-4-imidazolecarboxaldehyde 
A 143.0 ml. portion of concentrated HNO3 is added in 

two portions to 119.2 gm. of 2-methyl-4-imidazoleme 
thanol, with cooling after the ?rst portion, and reacted 
as described in Example 15, giving the desired product, 
m.p. 170°-176° C. 

Alternatively, this product may be made by the meth 
ods of Streith et al., Bull. Soc. Chim. France, 4159 
(1971) and also Abushanab et al., J. Org. Chem. 40, 3376 
(1975). 
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EXAMPLE 24 

Z-Benzyl-4-imidazolecarboxaldehyde 
A 125 gm. portion of 2-benzyl-4-imidazolemethano1 

and 500 g. of manganese dioxide in 2 liters of chloro 
form are reacted as described in Example 22 giving the 
desired product, m.p. 130'-136° C. 

EXAMPLE 25 

2-(Methoxymethyl)-4-imidazolecarboxaldehyde 
A 145.9 gm. portion of 2-methoxymethyl-4 

imidazolemethanol and 137 ml. of concentrated HNO3 
are reacted as described in Example 15. After adjusting 
the pH to 7.0 with concentrated aqueous Na2CO3, the 
solution is concentrated under vacuum. Extraction of 
the residue three times with hot ethanol gives, after 
combining and concentrating the extracts, a yellow 
gum. This gum is chromatographed on silica gel. Frac 
tions 7-l5 are combined and recrystallized from 120 ml. 
of isopropanol, treated with charcoal and the desired 
product is recovered, m.p. 100°-103° C. 

EXAMPLE 26 

2-Benzyl-5-methyl-4-imidazolecarboxaldehyde 
A mixture of 8.79 gm. of 2-benzyl-5-methyl-4 

imidazolemethanol and 55.7 ml. of concentrated HNO3 
is left at room temperature overnight. The solution is 
heated for 45 minutes on a steam bath, cooled, the basi 
?ed with aqueous sodium carbonate. After heating the 
resulting mixture on a steam bath, it is cooled and the 
solid collected. Two recrystallizations from ethanol 
give the desired product, m.p. l7l°-173° C. 

EXAMPLE 27 

Z-Benzyl-5-n-propyl-4-imidazolecarboxaldehyde 
The general procedure of Example 26 is repeated but 

replacing the Z-benzyl-S-methyl-4-imidazolemethanol 
employed in that example with 2-benzyl-5-n-propyl-4~ 
imidazolemethanol. 

EXAMPLE 28 

5-Methyl-2-n-propyl-4-imidazolecarboxaldehyde 
An 80 gm. portion of 5-methy1-2-n-propyl-4 

imidazolemethanol is oxidized with 67.3 ml. of concen 
trated HNO3. A second portion of 101.4 gm. of the 
above compound is oxidized with 77 m1. of the acid. 
The reaction mixtures are combined, neutralized and 
worked up as in Example 25, giving the desired prod 
uct, m.p. l26°-129° C. 

EXAMPLE 29 

2-tert-Butyl-4-imidazolecarboxaldehyde 
A 7.7 gm. portion of 2-tert-butyl-4-imidazoleme 

thanol is added to 100 ml. of chloroform and 100 ml. of 
tetrahydrofuran and heated gently. A 25 gm. portion of 
manganese dioxide is added and the mixture is reacted 
as described in Example 22 giving the desired product 
as white crystals, rn.p. l94°—195° C. 

EXAMPLE 30 

2-tert-Butyl-S-methyl-4-imidazolecarboxaldehyde 
A 19.76 gm. portion of 2-tert-butyl-5-methyl-4 

imidazolemethanol and 16.5 ml. of concentrated HNOJ 
are‘reacted as described in Example 25 giving the de~ 
sired product, m.p. l96°—l98° C. 
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. EXAMPLE 3| 

2-Isobutyl-5-isopropyl-4-imidazolecarboxaldehyde 
The procedure of Example 30 is repeated substituting 

an equimolecular amount of Z-isobutyl-S-isopropyl-4 
imidazolemethanol for the 2-tert-butyl-5-methyl-4 
imidazolemethanol employed in that example. There is 
thus obtained the title compound in equally good yield. 

EXAMPLE 32 

3-(4-imidazolylmethylene)dithiocarbazic acid methyl 
ester 

A 17.78 gm. portion of imidazole-4-carboxaldehyde 
(Pyman, J. Chem. Soc. 1916, l86) is dissolved in 200 ml. 
of hot ethanol. A hot solution of 24.4 gm. of methyl 
dithiocarbazinate [Audrieth et al., J. Org. Chem. 19, 733 
(l954)] in 50 ml. of ethanol is added. A precipitate forms 
immediately and the mixture is heated and stirred for 
about 10 minutes. The mixture is cooled to 0° C. The 
precipitate is collected giving yellow crystals, m.p. 
259°—26l° C. 

EXAMPLE 33 

3-(2-Phenyl-4-imidazolylmethylene)dithiocarbazic acid 
methyl ester 

A 35 gm. portion of 2-phenyl-4-imidazolecarboxalde 
hyde is taken up in 250 ml. of hot ethanol. A solution of 
22.8 gm. of methyl dithiocarbazinate in 40 ml. of hot 
ethanol is added and the procedure of Example 32 is 
followed giving the desired product, m.p. l66°-l70° C. 

EXAMPLE 34 

3-[(5-Methyl-2-phenyl-4-imidazolyl)methylene]dithi 
ocarbazic acid methyl ester 

A 60 gm. portion of 5-methyl-2-phenyl-4 
imidazolecarboxaldehyde and 36.8 gm. of methyl dithi 
ocarbazinate are reacted as described in Example 32 
giving the desired product, m.p. l80°—l85° C. 

EXAMPLE 35 

3-[(S-Ethyl-2-phenyl-4-imidazolyl)methylene]dithiocar 
bazic acid methyl ester 

Following the general procedure of Example 34, 
S-ethyl-2-phenyl4~imidazolecarboxaldehyde is con 
verted to 3-[(5-ethyl-2-phenyl-4-imidazolyl)methylene] 
dithiocarbazic acid methyl ester. 

EXAMPLE 36 

3-(2-n-Propyl-4-imidazolylmethylene)dithiocarbazic 
acid methyl ester 

A 60 gm. portion of 2-n-propyl-4-imidazolecarbox— 
aldehyde and 53.7 gm. of methyl dithiocarbazinate are 
reacted as described in Example 32 giving the desired 
product, m.p. 95°-104° C. 

EXAMPLE 37 

3-(2-Methyl-4-imidazolyl-methylene(dithiocarbazic 
acid methyl ester 

A 33 gm. portion of 2-methyl-4-imidazoleearboxalde 
hyde and 40.3 gm. of methyl‘dithiocarbazinate are re 
acted as described in Example 32 giving the desired 
product, m.p. 274°~279° C. 
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EXAMPLE 3:; 

3-(5-Methyl-4-imidazolylmethylene)dithiocarbazic acid 
methyl ester 

A 16 gm. portion of 5-methyl-4-imidazolecarboxalde 
hyde and l9.5 gm. of methyl dithlocarbazinate are re 
acted as described in Example 32 giving the desired 
product, m.p. 180° d resolidi?es 230°—260° C. 

EXAMPLE 39 

3-[(2,5-Dimethyl-4-imidazolyl)methylene]dithiocar 
bazic acid methyl ester 

A 20 gm. portion of 2,5-dimethyl-4-imidazolecarbox 
aldehyde and 20.8 gm. of methyl dithiocarbazinate are 
reacted as described in Example 32 giving the desired 
product, m.p. 279"-2Bl° C. 

EXAMPLE 40 

3-{[2-(Methoxymethyl)-4-imidazolyl]methylene}dithi 
ocarbazic acid methyl ester 

A 40 gm. portion of 2-(methoxymethyl)-4 
imidazolecarboxaldehyde and 38.4 gm. of methyl dithi 
ocarbzinate are reacted as described in Example 32 
giving the desired product, m.p. l50°~154° C. 

EXAMPLE 41 

3-[(5-Methyl-2-n-propyl-4-imidazolyl)methylene]dithi 
ocarbacid methyl ester 

A 20 gm. portion of 5-methyl-2-n-propyl-4 
imidazolecarboxaldehyde and 17.7 gm. of‘ methyl dithi 
ocarbazinate are reacted as described in Example 32 
giving the desired product, m.p. l75°—l79° C. 

EXAMPLE 41 

3-[(2-benzyl-5-n-Propyl-4-imidazolyl)methylene]dithi 
ocarbazic acid methyl ester 

The general procedure of Example 41 is repeated but 
replacing the S-methyl’2-n-propyl-4-imidazolecarbox 
aldehyde employed in that example with 2-benzyl-S-n 
propyl-4-imidazolecarboxaldehyde. 

EXAMPLE 43 

3-[(2,5-Dimethyl-4-imidaz0lyl)methylenelcarbazic acid 
ethyl ester 

A 6.2 gm. portion of 2,5-dimethyl-4-imidazolecarbox 
aldehyde and 6.24 gm. of ethyl carbazate are reacted as 
described in Example 32 giving the desired product, 
m.p. 207.5°—2l0° C. (resolidi?es 248°-252° C.). 

EXAMPLE 44 

3<(2-n-Propyl-4-imidazolylmethylene)carbazic acid 
ethyl ester 

A 7.8 gm. portion of 2-n-propyl-4-imidaz.olecarbox 
aldehyde and 6.24 gm. of ethyl carbazate is reacted as 
described in Example 32 giving the desired product, 
m.p. 180°-l82” C. 

EXAMPLE 45 

3-(2-Phenyl-4-imidazolylmethylene)carbazic acid ethyl 
ester 

A mixture of 8.l6 gm. of2-phenyl-4-imidazolecarbox~ 
aldehyde and 5.52 gm. of ethyl carbazate are reacted as 
described in Example 32 giving the desired product, 
m.p. l96°-200° C. 
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EXAMPLE 46 

3-[(5-Methyl-2-phenyl-4-imidazolyl)methylene]car 
bazic acid ethyl ester 

A mixture of 10.25 gm. of 5-methyl-2-phenyl-4 
imidazolecarboxaldehyde and 5.72 gm. of ethyl carba 
zate in 30 ml. of ethanol containing one drop of acetic 
acid is boiled for 30 minutes. The mixture is cooled to 0° 
C. and concentrated under an air stream on a steam 
bath. A 50 ml. portion of carbon tetrachloride is added 
and the mixture is cooled to 0° C. overnight. The solid 
is collected giving the desired product, m.p. 209“-2l 1° 
C. 

EXAMPLE 47 

3-[(2-o-Propoxyphenyl~4-imidazolyl)methylene]car 
bazic acid ethyl ester 

A 4.3 gm. portion of 2-o-propoxyphenyl~4 
imidazolecarboxaldehyde and 1.98 gm. of ethyl carba 
zate are reacted as described in Example 32 giving the 
desired product, m.p. l29°-132° C. 

EXAMPLE 48 

3-[(2-Benzyl-4-imidazolyl)methylene]carbazic acid 
ethyl ester 

To a 37.2 gm. portion of 2-benzyl-4-irnidazolecarbox 
aldehyde in 200 ml. of ethanol is added 20.8 gm. of ethyl 
carbazate and a few drops of concentrated acetic acid. 
The mixture is reacted as described in Example 32 giv 
ing the desired product m.p. 184°—185° C. 

EXAMPLE 49 

3-(2-tert-Butyl-4-imidazolylmethylene)carbazic acid 
ethyl ester 

A 7.6 gm. portion of Z-tert-butyl-4-imidazolecarbox 
aldehyde and 5.2 gm. of ethyl carbazate in 100 ml. of 
ethanol are reacted as described in Example 32 giving 
the desired product, m.p. l94°—197° C. 

EXAMPLE 50 

3-(2-n-Butyl-4-imidazolylmethylene)carbazic acid ethyl 
ester 

The procedure of Example 49 is repeated substituting 
an equimolecular amount of 2-n-butyl-4-imidazolecar‘ 
boxaldehyde for the Z-tert-butyl-4-imidazolecarbox 
aldehyde employed in that example. There is thus ob 
tained the title compound in equally good yield. 

EXAMPLE 51 

3-(2-Methyl-4-imidazolylmethylene)carbazic acid ethyl 
ester 

A solution of 16.68 gm. of ethyl carbazate in 50 ml. of 
hot ethanol is added to a solution of 16.50 gm. of 2 
methyl-4-imidazolecarboxaldehyde in 100 ml. of hot 
ethanol containing 2 drops of acetic cid. The reaction is 
carried out as described in Example 32 giving the de 
sired product, m.p. 210.5°—211.5° C. 

EXAMPLE 52 

3-(5-Methyl-4-imidazolylmethylene)carbazic acid ethyl 
ester 

A mixture of 7.0 gm. of 5-methyl-4-imidazolecarbox 
aldehyde and 7.3 gm. of ethyl carbazate are reacted as 
described in Example 32 giving the desired product, 
mp. 195°—203° C. 
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EXAMPLE 53 

S-[Z-(Methoxymethyl)-4-imidazolyl]methylene carbazic 
acid ethyl ester 

A 19.60 gm. portion of 2-(methoxymethyl)~4 
imidazolecarboxaldehyde and 16.02 gm. of ethyl carba 
zate are reacted as described in Example 32 giving the 
desired product, m.p. l86°-190° C. 

EXAMPLE 54 

3-[(2-Benzyl-5-methyl-4-imidazolyl)methylene]carbazic 
acid ethyl ester 

A 4.08 gm. portion of 2-benzyl-5-methyl-4 
imidazolecarboxaldehyde and 2.29 gm. of ethyl carba 
za'te are reacted as described in Example 32 giving the 
desired product, m.p. l90°—191.5° C. 

EXAMPLE 55 

3-[(2-tert-Butyl-S-methyl-4-imidazolyl)methylene]car 
bazic acid ethyl ester 

A 6.17 gm. portion of 2-tert-butyl-5-methyl-4 
imidazolecarboxaldehyde and 4.20 gm. of ethyl carba 
zate are reacted as described in Example 32 giving the 
desired product, m.p. 226°—228.5° C. 

EXAMPLE 56 

3-{(2-Isobntyl-5-isopropyl-4-imidazolyl)methylene]car 
bazic acid ethyl ester 

Following the general procedure of Example 55, 
2-isobutyl-5-isopropyl-4~imidazolecarboxaldehyde is 
converted to the title compound in equally good yield. 

EXAMPLE 57 

3-[(5-Methyl-2-n-propyl-4-imidazolyl)methylene]car 
bazic acid ethyl ester 

A 12 gm. portion of 5-methyl-2-n-propyl~4 
imidazolecarboxaldehyde and 9.06 gm. of ethyl carba 
zate are reacted as described in Example 32 giving the 
desired product, m.p. 184'-188° C. 

EXAMPLE 58 

Imidazo[1,5-d]-as-triazine-4(3H)-thione 
A suspension of 164.5 gm. of 3-(4-imidazolylme 

thylene)dithiocarbazic acid methyl ester in 1.2 liters of 
diphenyl ether is heated and stirred at 175° C. until the 
methylmercaptan evolution subsides (20 minutes). The 
precipitate obtained on cooling to room temperature is 
collected and washed with petroleum ether, then ace 
tone. The precipitate is then slurried with 1.2 liters of 
boiling methanol and filtered while hot to give the de 
sired product, m.p. 27l°-273° C. 

EXAMPLE 59 

8-Methyl-imidazo[1,S-d]-as-triazine-4-(3H)-thione 
A suspension of 14.39 gm. of 3-(5-methyl-4 

imidazolylmethylene)dithiocarbazic acid methyl ester 
in 100 ml. of diphenyl ether is reacted as described in 
Example 58 giving the desired product as yellow crys 
tals, m.p. 262°-268° C. 

EXAMPLE 60 

6-Phenyl-imidazo[ l ,5~d]-as-triazine-4(3-H)~thione 
A suspension of 7.05 gm. of 3-(2-phenyl-4-imidazolyl 

methylene)dithiocarbazic acid methyl ester is 100 ml. of 
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diphenyl ether is reacted as described in Example 58 
giving the desired product, m.p. 210° C. 

EXAMPLE 6] 

6-n-Propyl-imidazol[ l,5-d]-as-triazine-4(3H)-thione 
A 102.2 grn. portion of 3-(2-n-propyl-4-imidazolylme 

thylene)dithiocarbazic acid methyl ester in 500 ml. of 
diphenyl ether is reacted as described in Example 58 
giving the desired product as a white solid, mp 
2Ol.5"—203.5u C. 

EXAMPLE 62 

S-Methyl-tS-phenyl-imidazo[ l ,5-d]-as-triazine-4-(3H) 
thione 

A mixture of 73.4 gm. of 3~[(5~methyl-2-phenyl—4 
imidazolyl)methyleneldithiocarbazic acid methyl ester 
and 500 ml. of diphenyl ether is reacted as described in 
Example 58 giving the desired product as purple crys 
tals, mp. 237.5°—239° C. 

EXAMPLE 63 

8-Ethyl-6-phenyl-imidazo{l,5<d]-as-triazine-4(3H) 
thione 

The general procedure of Example 62 is repeated but 
replacing the 3-[(S-methyl-Z-phenyl-4-imidazolyl)me 
thylenel-dithiocarbazic acid methyl ester employed in 
that example with 3-[(5-ethyl-2-phenyl-4—imidazolyD 
methylene]dithiocarbazic acid methyl ester. 

EXAMPLE 64 

6,8-Dirnethyl-imidazo[l,5-d]-as-triazine-4-(3H)-thione 
A mixture of 30.26 gm. of 3-[(2,5-dimethyl-4 

imidazolyhmethylene]dithicarbazic acid methyl ester 
and 125 ml. of diphenyl ether is reacted as described in 
Example 58 giving a solid which is the desired product, 
m.p. 2B7.5°—290° C. 

EXAMPLE 65 

6-Benzyl-8-methyl-imidazo[l,5-d]-as-triazine-4(3H) 
thione 

A 20.4 gm. portion of 2-benzyl-5-methyl-4 
imidazolecarboxaldehyde is dissolved in 20 ml. of etha 
nol containing 2 drops of acetic acid. A 1.34 gm. portion 
of methyldithiocarbazinate is added, the mixture is 
boiled for 30 minutes and then cooled to 0° C. over 
night. The mixture is evaporated giving 3-[(2-benzyl-5 
methylimidazolyl)methylene]dithiocarbazic acid 
methyl ester as an oil. 
A 3.40 gm. portion of the above product is dissolved 

in 30 ml. of diphenyl ether and heated for 9 minutes at 
l94“—207° C. The mixture is cooled to room tempera 
ture and diluted with hexane. The solid is recrystallized 
from [50 ml. of methanol and treated with charcoal 
giving the desired product, m.p. 207°—209.5° C. 

EXAMPLE 66 

6-Benzyl-8~n-propyl-imidazo{ l ,5-d]-as-triazine-4-(3H) 
thione 

The procedure of Example 65 is repeated substituting 
an equimolecular amount of 3-[(2-benzyl-5-n 
propylimidazolyl)-methylene]dithiocarbazic acid 
methyl ester for the 3-[(2-benzyl-5-methylimidazolyl) 
methyleneldithiocarbazic acid methyl ester employed 
in that example. There is thus obtained the title com 
pound in equally good yield. 
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EXAMPLE 67 

B-Methyl-6-n-propyl-imidazolo[1.S-d}~as-triazine 
4(3H)-thione 

A mixture of 32.12 gm. of 3-[(5-methyl-2-n-propyl~4 
imidazolyl)methylene]dithiocarbazic acid methyl ester 
and 200 ml. of diphenyl ether is reacted as described in 
Example 58 giving the desired product, m.p. l83°-186° 
C. 

EXAMPLE 68 

6Methyl-imidazo[l ,5-d]-as-triazine—4(3H)-thione 
A mixture of 53.9 gm. of 3-(2-methyl-4-imidazolyl 

methylene)dithiocarbazic acid methyl ester and 200 ml. 
of diphenyl ether is reacted as described in Example 58 
giving the desired product, m.p. 280.5°—284° C. 

EXAMPLE 69 

6-Methoxymethyl-imidazo[l ,5-d]-as-triazine~4-(3H) 
thione 

A miture of 62.4 gm. of 3~[2-(methoxymethyl)-4 
imidazolyl]methylene dithiocarbazic acid methyl ester 
and 250 ml. of diphenyl ether is reacted as described in 
Example 58 giving the desired product, m.p. 
2l9.5°—223° C. 

EXAMPLE 70 

6-o-Propoxyphenyl-imidazo[l,5—d]-as-triazine 
4(3H)-one 

A 10.5 gm. portion of 3-[(2-o-propoxyphenyl-4 
imidazolyl)rnethylene1carbazic acid ethyl ester in 100 
ml. of diphenyl ether is heated on an oil bath with stir 
ring at 255°—265° C. until effervesence subsides. the 
mixture is cooled to room temperature. The addition of 
petroleum ether produces a solid which is recrystallized 
from methanol with the aid of charcoal giving the de 
sired product as a bright yellow solid, m.p. 1971200“ C. 

EXAMPLE 71 

6-Benzyl-imidazo[1,S-d]-as-triazin-4(3H)-one 
A 7.0 gm. portion of 3-[(2-benzyl-4-imidazolynme 

thylenelcarbazic acid ethyl ester in 50 ml. of diphenyl 
ether is reacted as described in Example 70 giving the 
desired product as white crystals. m.p. 215K217“ C. 

EXAMPLE 72 

6-Phenyl-imidazo[ l,5-d]-as-triazin-4(3l-l)>one 
A 7.76 gm. portion of 3-(2-phenyl-4-imidazolylme 

thylene)carbazic acid ethyl ester in 50 ml. of diphenyl 
ether is reacted as described in Example 70 giving the 
desired product m.p. 245°-248° C. 

EXAMPLE 73 

8-Methyl-6-phenyl-imidazo[l,5-d]-as-triazin-4(3H)-one 
Ari 8.33 gm. portion of 3-[(5-methyl-2-phenyl~4 

imidazolyl)methylene1carbazic acid ethyl ester in 60 ml. 
of diphenyl ether is heated in an oil bath at 29-230“ C. 
for 20 minutes. The reaction mixture is diluted to 400 
ml. with petroleum ether. The precipitate is collected 
and recrystallized from 350 ml. of benzene giving the 
desired product, m.p. USP-484.5n C. 
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EXAMPLE 74 

6-n-Propyl-imidazo[l,5-d]-as-triazin-4(3l-l)-one 
An 8.75 gm. portion of 3-(2-n-propyl-4-imidazolylme 

thylene)carbazic acid ethyl ester in 50 ml. of diphenyl 
ether is reacted as described in Example 70 giving the 
desired product, m.p. l59'-162.5° C. 

EXAMPLE 75 

6,8-Dimethyl-imidazo[l,5-d]-as-triazin-4(3H)-one 
A mixture of 7.37 gm. of 3-[(2,5-dimethyl-4 

imidazolyl)methylene]carbazic acid ethyl ester and 50 
ml. of diphenyl ether is reacted as described in Example 
70 giving the desired product, m.p. 263°—263.5° C. 

EXAMPLE 76 

6-tert-Butyl-imidazo[l,5-d]-as-triazin-4(3H)-one 
A 6.15 gm. portion of 3-(2-tert-butyl-4-imidazolyme 

thylene)carbazic acid ethyl ester in 40 ml. of diphenyl 
ether is reacted as described in Example 70 giving the 
desired product, m.p. 186L188° C. 

EXAMPLE 77 

6-n-Butyl-imidazo[l,5-d]-as-triazin~4(3H)-one 
Following the general procedure of Example 76, 

3-(2-n-butyl~4-imidazolylmethylene)carbazic acid ethyl 
ester is converted to the title compound. 

EXAMPLE 78 

6-Methyl-imidazo[l,5-d]-as-triazin-4(3H)-one 
A 27.2 gm. portion of 3~(2-methyl-4-imidazolylme 

thylene)carbazic acid ethyl ester in 200 ml. of diphenyl 
ether is reacted as described in Example 70 giving the 
desired product m.p. 303°-305.5° C. 

EXAMPLE 79 

8-Methyl-imidazo[ l ,5-d]-as-triazin-4(3H)-one 
A mixture of 10.26 gm. of 3-(5-methyl-4~imidazolyl 

methylene)carbazic acid ethyl ester and 100 ml. of di 
phenyl ether is reacted as described in Example 70 giv 
ing the desired product, m.p. 276'—282° C. 

EXAMPLE 80 

6- Benzyl-8-methyl~imidazo[ l ,S-d]-as-triazin-4(3H)-one 
A mixture of 4.89 gm. of 3~[(2-benzyl-5-methyl-4 

imidazolyl)methylene]carbazic acid ethyl ester and 50 
ml. of diphenyl ether is reacted as described in Example 
70 giving the desired product, m.p. 244°-247° C. 

EXAMPLE 8] 

b-tert-Butyl-8-methyl-imidazo[l,5-d]-as-triazin 
4(3H)-one 

A mixture of 5.1] gm. of 3-[(2-tert-butyl-5-methyl-4 
imidazolyl)methylene]carbazic acid ethyl ester and 50 
ml. of diphenyl ether is reacted as described in Example 
70 giving the desired product, m.p. l98°~200° C. 

EXAMPLE 82 

6-lsobutyl-8-isopropyl-imidazo[l,5-d]-as-triazin 
4(3H)-one 

The general procedure of Example 81 is repeated but 
replacing the 3-[(2-tert-butyl-5-methyl-4-imidazolyl) 
methylenelcarbazic acid ethyl ester employed in that 
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example with 3-[(2-isobutyl-5-isopropyl-4-imidazolyl) 
methylene]carbazic acid ethyl ester. 

EXAMPLE 83 

8-Methyl-é-n-propyl-imidazol]l,5-d]-as-triazin 
4(3H)-one 

A 14.50 gm. portion of 3-[(5-methyl-2-n-propyl-4 
imidazolyl)methylene]carbazic acid ethyl ester and 100 
ml. of diphenyl ether are reacted as described in Exam 
ple 70 giving the desired product, m.p. l29.$°—l3l.5° C. 

EXAMPLE 84 

6-Methoxymethyl-imidazo[ l ,5-d]-as-triazin-4(3 H)-one 
‘A mixture of 25.9 gm. of 3-[2-(methoxymethyl)-4 

imidazoly?methylene carbazic acid ethyl ester and l25 
ml. of diphenyl ether is reacted as described in Example 
70 giving the desired product, m.p. 200°—205° C. 

EXAMPLE 85 

8-Bromo-6-phenyl-imidazo[ l , 5-d]-as-triazin 
4(3l-l)-one 
A 3.0 gm. portion of 6-phenyl-imidazo[l5-dl-as-tria 

zin-4(3H)-one is stirred with 100 ml. of chloroform. The 
mixture is heated slightly and a solution of 1 ml. of 
bromi e in 10 ml. of chloroform is slowly dripped into 
the reaction mixture. The mixture is refluxed for 1 hour, 
cooled to room temperature, and ?ltered. To the solid is 
added aqueous N82C03 and chloroform and the mixture 
is shaken in a separatory funnel. The remaining solid 
and the organic phase are combined and evaporated on 
a steam bath. Methanol and Z-propanol are added and 
the mixture is treated twice with charcoal. Cooling 
gives the desired product as a solid, m.p. 192°—l94° C. 

EXAMPLES 86 

S-Bromo-?-n-butyl-imidazo[ l ,5-d]-as-triazin-4(3 H)-one 
The procedure of Example 85 is repeated substituting 

an equimolecular amount of 6-n-butyl-imidazo[l,5-d] 
as-triazin-4(3H)~one for the 6-phenyl-imidazo[l,5-d]-as 
triazin-4(3H)-one employed in that example. There is 
thus obtained the title compound in equally good yield. 

EXAMPLE 87 

8-Chloro-?-phenyl-imidazo[l,S-d]-as-triazin-4(3H)-one 
A 5.0 gm. portion of G-phenyl-imidazo [l,5-d]-as-tria 

zin-4(3l-l)-one is mixed with 100 ml. of chloroform on a 
stream bath while chlorine gas is bubbled through the 
mixture. A 25 ml. portion of methanol is added. Chlo 
rine is again bubbled through for 10-l5 minutes. The 
mixture is cooled to room temperature, transferred to a 
separatory funnel, washed with aqueous N32CO3, aque 
ous NaHSO; and finally with water. The mixture is 
evaporated to 75 ml. of a steam bath, cooled and ?l 
tered. The ?ltrate is evaporated overnight giving a 
solid. This solid is dissolved in 30 ml. of hot chloroform 
and ?ltered. The ?ltrate is treated with charcoal and 
Z-propanol is added giving the desired product as a 
solid, mp 20l°-203° C. 

EXAMPLE 88 

8-Chloro-6-benzyl-imidazo[l 5-d]-as-triazin-4(3H)-one 
Following the general procedure of Example 86, 

6-benzyl-imidazo[l,S-d]-as-triazin-4(3H)-one is chlori 
nated to give the title compound. 
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EXAMPLE 89 

8-Methyl-6-pheny1-imidazo[1,5-d]-as-triazine-4(3H) 
thione 

To a solution of 4.5 gm. of 8-methyl-6-phenyl 
imidazo-[l,5-d]~as-triazin-4(3H)-one in 100 ml. of pyri 
dine is added 5 gm. of phosphorus pentasul?de. The 
reaction mixture is heated at 100° C. for 8 hours, ?l 
tered, and poured into dilute hydrochloric acid. The 
precipitated product is isolated by ?ltration, washed 
with water, and dried. 

EXAMPLE 90 

S-Bromo-6-pheny1-imidazo{1,5-d]-as-triazine-4(3H) 
thione 

The procedure of Example 89 is repeated but substi 
tuting an equimolar amount of 8-bromo-6-phenyl 
imidazo [1,5-d]-as-triazin-4(3H)-one for the 8-methyl-6 
phenybimidaz [1,S-d]-as-triazin-4(3H)-one employed in 
that example. 

EXAMPLE 91 

8-Ch1oro-6-phenyl-imidazo[1,5-d]-as-triazin-4(3H)-one 
The use of S-chloro-2-phenyl-4-imidazolecarboxalde 

hyde and ethyl carbazate in the procedure of Example 
46 afford 3-[(5-ch1oro-2-phenyl-4-imidazo1yl)me 
thylene]-carbazic acid ethyl ester, which is converted to 
the title compound by heating in diphenyl ether as in 
Example 70. 

EXAMPLE 92 

5-Methyl-Z-m-to1yl-4-imidazolemethanol 
A mixture of cis and trans-4,5-dimethy1-2-m-to1yl-2 

imidazoline-4,5-dio1 hydrochloride (9.0 g, 0.035 mole) 
and 3N hydrochloric acid (135 ml) is stirred and heated 
on a steam bath for 2.5 hours and then stirred at 0°—5° 
for 0.75 hours. The reaction mixture is ?ltered to yield 
7.4 g (0.031 mole) of a white solid. The solid is treated 
with base to afford the title compound, m.p. 190°—192° 
C. (d). 

Analysis calculated for C12H14N20; C, 71.26; H, 6.98; 
N, 13.85; Found: C, 70.94; H, 7.07; N, 13.92. 

Additional imidazolemethanol compounds prepared 
by the above procedure are listed in Table III below. 

TABLE II] 

1 
N CHZOH 

..7\ I N CH3 
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R2 m.p.("C.) Calculated Found 

215-216(d) c 56.65 c 56.64 

O2N_©_ H 4.75 H 4.73 N 12.02 N 17.74 
>150(d) c 71.26 c 70.86 

CH,_©_ H 6.911 H 6.97 60 
N 13.85 N 13.60 

111-114 

CH_1—'< >—HC1 
205-207 c 66.04 c 65.75 

CH,O_®_ H 6.47 H 6.22 65 
' N12.s3 N 12.90 

132-134(11) 
CH3 HCl 
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TABLE III-continued 

H 
| 
N CHZOH 

N CH3 

__Aw.v§i§__ 
R2 m.p.(°C.) Calculated Found 

205-207(d) C 59.33 C 59.73 

C|_©_H2O H 4.98 H 5.22 N 12.58 N 12.44 
> 170(d) C 59.33 C 59.73 

C|_©_HC| H 5.09 H 5.18 N 10.11 N 9.86 

: 1757177 

CH3 
188-190(d) 

> 12061) 

C4Hq— syrup 
CbH13— syrup 
I l04‘106(d] 

E 115-120(d) 
182*183(d) C 68.00 C 67.73 

<:>_ H 9.34 H 0.55 
N 14.42 N 13.87 

EXAMPLE 93 

Preparation of 2-substituted 
5-methyl-4-imidazolecarboxhydes 

Method A 

5-Methyl-2-mtoly1-4-imidazolecarboxaldehyde 
A mixture of 5-methy1-2-mtolyl-4-imidazolemethanol 

(13.0 g, 0.064 mole), activated manganese dioxide (65 g) 
and methylene chloride (200 ml) is stirred at room tem 
perature for 20 hours. The reaction mixture is then 
?ltered, the solvent removed in vacuo to afford 9.1 g 
(0.045 mole) of peach-colored solid. 

Method B 

5-methyl-2-(p-nitrophenyl)-4-imidazolecarboxaldehyde 
A mixture of S-methyl-Z-(p-nitropheny1)-4-imidazole 

methanol (2.9 g, 0.012 mole) and 70% nitric acid (20 ml) 
is stirred at 50° C. for 3 hours, followed by dilution with 
water and neutralization with base. The precipitated 
yellow solid is collected by ?ltration to yield 2.4 g. 
(0.011 mole) of title product, dec >270° C. 

Analysis calculated for C1|HqN3O3: C, 57.14; H, 3.92; 
N, 18.17; Found: C, 56.69; H, 3.96; N, 18.08. 

METHOD C 

Preparation of 
2-a1ky1(cycloalky1)-5-methylimidazo1e-4-carboxalde 

hydes 
A mixture of 2-alkyl(cycloalkyl)-5-methy1-4 

imidazolemethanol (0.1 mole), activated manganese 
dioxide (0.5 mole) and chloroform (500 m1) is stirred 
and refluxed for 2 hours, then stirred overnight (appx. 
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15-16 hours) at room temperature. The mixture is ?l 
tered through a bed of ?lter-aid, the solution evapo 
rated to dryness and the residue recrystallized from the 
appropriate solvent. 
By one or the other methods of preparation, a number 

of 2-substituted S-methyl-4-imidazolecarboxaldehydes 
are made. The compounds, their method of preparation, 
melting points and analystical data are given in Table 
IV below. 

TABLE [V 
H 
l 

Analysis 
R2 Method’ m.p.("C.) Calculated Found 

A 142-194(d) N 13.99 N 14.28 

CH3-—< > 
A 161-163(d) C 66.65 C 66.52 

CH3O_©._ H 5.89 H 5.36 N 12.95 N 13.08 
A 237-239(d) C 59.88 C 59.30 

C10. H 4.11 H 4.17 
N 12.70 N 12.61 

A l40—143(d) C 71.98 C 71.61 
H 6.04 H 6.37 
N 13.99 N 13.87 

CH3 
A 197-199(d) C 76.25 C 76.15 

@- H 5.12 H 5.25 
N 11.86 N 11.81 

C4H9 A 83-84 C 65.03 C 64.85 
H 8.49 H 7.96 
N 16.85 N 17.04 

C6H15 A syrup C 65.00 C 65.72 
H 9.42 H 9.15 
N 13.79 N 13.64 

I A 104-109 

E A 114-130 

A 159-162 C 68.72 C 6906 

O H 8.39 H 8.44 
N 14.57 N 14.43 

‘Preferred solvent in chloroform. p~dioxane and ten-butane] are also used. 

EXAMPLE 94 

a-Methyl-2-phenyl-4-imidazolemathanol 
Methyl magnesium to bromide (15.3 ml, 2.5 molar in 

ether) is added dropwise to a solution of 2-[Phenyl] 
phenyI-4-imidazolecarboxaldehyde (3.0 g, 0.017 mole) in 
dry tetrahydrofuran (45 ml; dried over a molecular 
sieve) while the temperature of the reaction mixture is 
maintained with cooling at 25° C. The mixture is stirred 
for 2 hours and then decomposed by adding a large 
volume of water dropwise. The mixture is extracted 
with ether (3 X 75), the ethereal extract is partially evap 
orated to yield a white precipitate, the crystalline alco 
hol, m.p. 197"-198° C. 

Analysis calculated for CnHnNgO: C, 70.19; H, 6.43; 
N, 14.88; Found: C, 70.10; H, 6.68; N, 14.90. 

EXAMPLE 95 

a,S-dimethyl-2-phenyl-4-imidazolemethanol 
0.,5-Dimethyl-2-phenyl-4-imidazolemethanol is pre 

pared from S-methyl-2-phenyl-4-imidazolecarboxalde 
hyde (37.0 g, 0.199 mole) by the method of Example 94. 
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The product (38.4 g, 95.5%) is obtained as a white crys 
talline solid, m.p. l89°-l90° C. 

EXAMPLE 96 

Preparation of methyl 2-phenyl-4-imidazolyl ketone 
Jones reagent [5 ml; a solution of chromium trioxide 

(10.3 g) is a mixture of [sulfunic] sulfuric acid (8.7 ml) 
and water (30 ml)] is added at 0°~5° C. over 1 hour to a 
solution of methyl-2-phenyl-4-imidazolemethanol (3.0 
g, 0.016 mole) in acetone (25 ml). The temperature is 
allowed to rise to 20° C. for 30 minutes then water (150 
ml) is added. The mixture is stirred for 1 hour and the 
precipitated solid collected by ?ltration. The solid is 
treated with 2N hydrochloric acid (15 ml), stirred 5 
minutes, and is then neutralized with 10% sodium hy 
droxide. The aqueous mixture is extracted with methy 
lene chloride (3X75 ml.) Removal of the methylene 
chloride yields the ketone as a white crystalline solid 
(1.73 g), m.p. 158°—158.5° C. 

Analysis calculated for C11H|2N2O:C, 70.95; H, 5.41; 
N, 15.04; Found: C, 70.34; H, 5.52; N, 15.08. 

EXAMPLE 97 

Preparation of methyl-5-methyl-2-phenyl-4-imidazolyl 
ketone 

By the method of Example 96, methyl-S-methyl-Z 
phenyl-4-imidazolyl ketone is prepared from 0,5 
dimethyl-2-phenyl-4-imidazolemethanol (12.0 g, 0.059 
mole). The product is obtained as a pale yellow crystal 
line solid (6.88 g, 58.3%), m.p. 188°~190° C. 

Analysis calculated for C12H12N2O: C, 71.98; H, 6.04; 
N, 13.99; Found: C, 71.30; H, 6.29; N, 13.40. 

EXAMPLE 98 

Preparation of 2~phenyl-5-imidazolecarboxaldehyde 
dimethyl acetal 

A solution of 2-phenyl-S-imidazolecarboxaldehyde 
(6.10 g, 0.035 mole) in methanol (200 ml) is cooled in an 
ice bath and then saturated with hydrogen chloride. 
The reaction mixture is stirred overnight (appx. 15-16 
hrs.) and added slowly to cold 6N sodium hydroxide 
(200 ml). The solution is neutralized with concentrated 
hydrochloric acid and the precipitated solid collected 
by ?ltration (7.56 g; 0.035 mole). Recrystallization from 
chloroform yields white needles, m.p. l58°—l60° C. 

Analysis calculated for C12H|4N2O2: C, 66.03; H, 
6.48; N, 12.83; Found: C, 65.38; H, 7.01; N, 12.63. 

EXAMPLE 99 

Preparation of 
[4-iodo] 4-I0do-2-phenyl-S-imidazolecarboxaldehyde 

dimethyl acetal, and 
4-iodo-2-phenyl-S-imidazolecarboxaldehyde 

A solution of iodine (10.25, g, 0.0404 mole) in metha 
nol (200 ml) is added with stirring to a solution of 2-phe 
ny1-5-imidazolecarboxaldehyde dimethyl acetal (7.56 g, 
0.035 mole) is methanol (200 ml), water (20 ml) and 6N 
sodium hydroxide (13 ml). The reaction mixture is 
stirred for 5 hours, and then concentrated in vacuo to 
about 75 ml volume. Water (200 m1) is added and the 
precipitated 4-iodo2-phenyl-S-imidazolecarboxalde 
hyde dimethyl acetal (2.82 g, 0.0082 mole) is collected 
by ?ltration, m.p. l4-4°-l48.5° C.(d). 
The aqueous ?ltrate is acidi?ed with concentrated 

hydrochloric acid and the precipitated 4-iodo-2-phenyl 
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S-imidazolecarboxaldehyde (5.51 g. 0.018 mole) is col 
lected by ?ltration, m.p. 208°~210° C.(d). 

Recrystallization of 4-iodo-2-phenyl-S-imidazolecar 
boxaldehyde dimethyl acetal from methyl cyclohexane. 
The yields white crystals, m.p. 152°—l53.5° C. Analysis 
calculated for C12Hi3N2O2l: C, 41.88; H, 3.82, N, 8.14; 
Found: C, 41.82; H, 4.19; N, 8.34. 

Recrystallization of‘ 4~iodo-2-phenyl-5-imidazolecar 
boxaldehyde from ethyl acetate yields a white solid, 
mp. 211.5°—2l2.5° C. Analysis calculated for 
C10H7N2Ol: C, 40.29; H, 2.37; N, 9.39; Found: C, 40.19; 
H, 2.37; N, 9.34. 

EXAMPLE 100 

Method for the preparation of 3-[(2-substituted 
-5-methyl4-imidazolyl)methylane]carbazic acid methyl 

ester 

A. 

3-[(5-methyl-2-m-tolyl-4-imidazolyl)methylene]-car 
bazic acid, methyl ester. 

A mixture of S-methyl-2-m-tolyl-4-imidazolecarbox 
aldehyde (6.9 g, 0.034 mole), methyl carbazate (3.1 g, 
0.034 mole). methylene chloride (70 ml) and acetic acid 
(1 drop) is refluxed for 1 hour. The precipitated white 
solid is collected by ?ltration to yield 7.1 g (0.026 mole), 
mp. 162°-164° C. 
By the above procedure, several Z-aryl analogs of the 

above compound are prepared. These compounds, their 
melting points and analyses are listed in Table V below. 

B. Preparation of 3-[(2-alkyl or 
cycloalkyl-5-methyl-4-imidazolyl)methylene]carbazic 

acid, methyl esters 

A mixture of 2-alkyl(cycloalkyl)-S-methylimidazole 
4-carboxaldehyde (0.1 mole), methyl carbazate (0.1 
mole), toluene (60 ml) and acetic acid (0.5 ml) is re 
?uxed for 2 hours. The reaction mixture is then cooled 
down, the solids are collected by ?ltration, and are 
recrystallized from the appropriate solvent. 
The 2-alkyl and cycloalkyl compounds prepared by 

the above procedure are listed in Table V below. 

TABLE V 

Analysis 
R3 R1 m.p.(°C.) Calculated Found 

CH3— 264-265(d) C 51.49 C 50.96 

char-Q.- H 4.32 H 4.33 
N 23.09 N 23.31 

CH;— 226-227(d) 

mo 
CH3— 176-178(11) C 58.32 C 58.01 

who-Q H 5.59 H 5.60 N 19.43 N 19.23 
CH_\— 234-235(d) C 53.34 C 52.95 

H 4.48 H 4.42 
N 19.14 N 18.99 

CH;— 160—162(d) 
Q0 

Q1; 
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TABLE V-continued 

Analysis 
R; R] m.p.("CJ Calculated Found 

: cm- >170(d) 

C4119” CH;— 1395- C 55.44 C 55.0‘) 
190.5(d) H 7.61 H 7.71 

N 23.52 N 23.54 

C6H13~ CH3— 164-165(d) C 58.62 C 58.34 
H 8.33 H 7.78 

N 21.04 N 20.83 

CH;- 134-186(d) C 54.04 C 54.25 

D- H 635 H 6.49 
N 25.21 N 25.33 

E CHg- 196-197(d) 

CHg- 193-194(d) C 59.07 C 58.62 

0' H 7.63 H 7.61 
N 21.20 N 20.80 

Cl 147-148 C 43.5 C 45.04 

C|_-©_H2Q H 3.63 H 3.05 N 16.9 N 16.09 

EXAMPLE 101 

Preparation of 
3-[1-(5-iodo-2-phenyl-4-imidazolyl)ethylidene]carbazic 

acid, methyl ester 

A solution of 4-iodo-2-phenyl-S-imidazolecarbox 
aldehyde (5.21 g, 0.017 mole) in a mixture of methanol 
(50 ml), toluene (250 ml), aceytic acid (1 ml) and methyl 
[carbazatc] carbazate (1.73 g, 0.019 mole) is re?uxed 
for 24.5 hours. The solution is then heated for an addi~ 
tional hour, allowing solvent (100 ml) to distill off. The 
remaining solvent is then received in vacuo. The solids 
are extracted with methylene chloride (300 ml), and the 
extract washed with water (3x200 ml). At this point 
the product crystallizes and is collected by ?ltration 
(2.16 g, 0.0056 mole). Evaporation of the filtrate yields 
additional product (3.44 g, 0.0093 mole). Recrystalliza 
tion from methanol-methylene chloride yields white 
crystals, m.p. l45°—l47° C.(d). 

EXAMPLE 102 

Preparation of 
3-[5-methyl-2-phenyl-4-imidazolyl)eth ylidene [[ 

carazic]]-carbazic acid, methyl ester 

Methyl 5-methyl-2~phenyl-4-imidazo1yl ketone (4.5 g, 
0.023 mole) is re?uxed with methyl [carbazatc] car-ba 
zate (2.4 g, 0.023 mole) in toluene (112 ml) for 5 hours. 
The toluene is removed, and the solid washed with 
water (3 X 50 ml). The solid is recrystallized from meth 
anol to yield the product (1.28 g, 20.9%), m.p. 
201°~201" C. 

Analysis calculated for C14H|hN4OZ:C, 61.75; H, 
5.92; N, 20.57; Found: C, 60.05; H, 6.25; N. 19.96. 
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EXAMPLE 103 

Preparation of 
3-[1-(2-phenyl-4-imidazolyl)ethylene]carbazic acid, 

methyl ester. 5 

By the method of Example 102, the title product is 
prepared from methyl 2-phenyl-4-imidazolyl ketone 
and methyl carbazatc. The product is obtained in 91% 
yield, m.p. 226.5°-227° C. 

Analysis calculated for C13H14N4OZ:C, 60.46; H. lo 
5.46; N, 21.69; Found: C, 60.59; H, 5.60; N, 21.89. 

EXAMPLE 104 

Preparation of 
6-(Aryl)-8-methyl-imidazo[ l ,5-d]-as-triazin-4(3H)-ones. 

Method A 

8 

Methyl-6-m-tolyl-imidazo[l,5-d]-as-triazine-4(3H)-one. 20 
A mixture of 3-[(5-methyl~2-m-tolyl-4-imidazolyl) 

methylene]carbazic acid, methyl ester (5.1 g, 0.019 
mole) and o-dichlorobezene (75 ml) is heated slowly (45 
minutes) to re?ux, re?uxed for 1.5 hours, then stirred at 
room temperature over night (appr. 15-16 hours). The 25 
reaction mixture is ?ltered to afford 3.9 g (0.016 mole) 
title product. Recrystallization from o-dichlorobenzene 
yields partially solvated product, m.p. l88“-l98° C. 
By substituting 3{[5-methyl)-2-(a,a,a-tri?uoro-m 

tolyl)-4-imidazolyl]methylene}carbazic acid, methyl 30 
ester for 3-[(5-methyl-2-m-tolyl-4-imidazolyl)me 
thylene]carbazic acid, methyl ester in the above reac 

30 
tion, 8-methyl-6-(a,a,a-tri?uoro-m-tolyl)-imidazo[1,5 
a]-as-triazine-4(3H)-one can be obtained. 

Method B 

B-Methyl-6-(p-nitrophenyl)-imidazo[1,5-d]-as-triazine 
4(3H)-one, monohydrate 

3-{[2-(p-nitrophenyl)-5-methyl-4-imidazolyl] 
methylene}carbazic acid, methyl ester (2.5 g, 0.0082 
mole) is immersed in diphenyl ether (25 ml) at 240° C. 
for 20 minutes, then stirred in an ice bath for l hour. 
The reaction mixture is diluted with ether and ?ltered 
to afford 2.2 g (0.008 mole) title product. The product is 
puri?ed via an actone [soxhlet] Soxhlet extraction to 
give a yellow solid, mp. 295°-297° C. 

‘Analysis calculated for C12H11N5O4: C, 49.83; H, 
3.83; N, 24.21; Found: C, 49.69; H, 3.71; N, 23.88. 

Method C 

Preparation of 
6-alkyl(cycloalkyl)-8-methylimidazo-[l,5-d]as-triazin 

4(3H)-ones 
The above compounds are prepared by Method A 

excepting that the mixture of [Z]2-alkyl(cycloa1kyl) 
5-methylimidazole-4- [carboxalolehyde] carboxalde 
hyde methyl carbazone and odichlorobenzene is heated 
until a boiling point of 180° C. is obtained. The solvent 
is removed by evaporation and the residue recrystal 
lized from the appropriate solvents. 
The compounds prepared by Method A, B and C, 

their melting points and analyses are listed in Table VI 
below. 

TABLE VI 

A 
N N NH 

I 

RI_$\r N I 

R4 
Analysis 

R1 R2 R4 Method m.p.(°C.) Calculated Found 

CHg- H A 1159-1715(01) 

mo 
cm- 11 A 216-217(11) c 60.93 c 60.52 

CH3O_©_ 11 4.72 11 4.130 
N 21.86 N 21.70 

cm- 11 A (240(11) 

C10 
013- : H A 1135-191 

C 3 

cm H A 247-251(11) 

Cl- 11 A 245124601) c 47.00 c 47.72 

C|_©_ H 2.15 H 2.41 
N 19.93 N 19.57 

1-1 : cm- A 231-2311; 

CH3 : cm- A 207-212 

CH3 n-c?m, H c ll8-l19 C6l.5l cs1.2s 
1-1 7.14 H 7.61 

" N 23.91 N 23.68 
CbH3— N 23.91 N 23.68 
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TABLE VI-continued 

32 

R4 
__—AM1&___ 

R1 R3 R4 Method m.p.(°C.) Calculated Found 

H H c 2105-2115 c 56.83 c 56.65 

V H 5.30 H 5.64 
N 29.46 N 29.43 

H E H c 179-181 

H H c 145-141 c 64.94 c 63.38 

O_ H 7.78 H 3.10 
N 21.15 N 20.41 

EXAMPLE 105 

Preparation of 
6-Phenyl-8-iodo-imidazo [1,5-d][1. 5-d]-as-triazin 

4(3H)-one 
3-[1-(5-Iodo-2-phenyl-4-imidazolyl)alky1idene]car 

bazic acid methyl ester (1.01 g, 0.0027 mole) is dissolved 
in a mixture of o-dichlorobenzene (150 ml) and metha~ 
n01 (15 ml). The solution is heated to the boiling point 
and boiled for 20 minutes allowing solvent to distill off 
partially. The reaction mixture is chromagtographed 
over a silica gel column and eluted with hexane~ethyl 
acetate (2:1) mixture to yield the title product (0.63 g, 
0.0019 mole). Recrystallization from ethyl acetate-hex 
ane hyields the product as yellow meedles, m.p. 
l70°—189° C. 

EXAMPLE 106 

6-(p- [anilino] A nilino)-8-methyl-imidazo[ l ,5-d]- [as 
trazin] as-triazin -4(3H)-one 

Catalytic reduction of 8-methyl-6-(p-nitrophenyl) 
imidazo[1,5-d]-as-triazin-4(3H)-one, monohydrate (1.3 
g, 0.0048 mole) in dimethylformamide (50 ml) with 
hhydrogen in the presence of 10% [Pa] Pd/C catalyst 
and at atmospheric pressure followed by solvent re 
moval in vacuo, affords the product (1.0 g, 0.0043 
mole). Crystallization from dimethylformamide water 
yields a mustard-yellow solid, mp. 252°~254° [C(a)] 
CM) 

EXAMPLE 107 

Preparation of 
8-Bromo-6-(m-ani1ino)imidazo-[1,5-(d)]-as-triazin 

4(3H)-one 
A mixture of 8-bromo-6-(m-nitrophenyl)imidazo[1,5 

d]-as-triazin-4(3H)-one (2.0 g, 0.00595 mole) and cata 
lyst (Ru/C, 5%, 700 mg) are blanketed with nitrogen at 
atmospheric pressure and dimethylformamide (45 ml) is 
added. The ?ask containing the above mixture is vigor 
ously shaken while hydrogen is introduced and ab 
sorbed (399 ml, 0.01785 mole). The catalyst is then 
?ltered and washed with dimethylformamide. The ?l 
trate is evaporated in vacuo. The product is recrystal 
lized from diethyl ether, mp. 205'’ [C(11)] C(d). 
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EXAMPLE 108 

Preparation of 
8-Bromo-6-(m-dimethylaminophenyl)-imidazo-[1,5-d]< 

as-triazin~4(31-l)-one 
Sodium [cyanoborogydride] cyanaborohydride (1.2 

g, 0.019 mole) is added to a stirred solution of B-bromo 
6-(m-amino-phenyl)imidazo-[1,5-d]-as-triazine 
4(3H)-one, aqueous formaldehyde (5 ml, 37%) in aceto 
nitrile (110 ml). The reaction mixture is stirred for 15 
minutes then acetic acid is added to adjust the pH of the 
reaction mixture to 7. The reaction mixture is stirred for 
45 minutes while the pH of the mixture is maintained at 
7 with acetic acid being added as needed. The solvent is 
then evaporated in vacuo, the residual oil is added to 2N 
potassium hydroxide (150 ml), and crystallized. The 
product is washed with water, and recrystallized from 
acetone-water, mp. 206" [C(11)] C(d). 

EXAMPLE 109 

Preparation of 
[6-m] 6-m-Nitrophenyl-imidazo[ l ,5-d]-as-triazin 

4(3H)-one 
A mixture of 90% fuming nitric acid (0.4 ml; a: 1.5, 

0.0086 mole) and sulfuric acid (10 ml) is added slowly at 
5° C. to a solution of 6-phenyl-imidazo[1,5-d]-as-triazin 
4(3H)-one (2.12 g, 0.01 mole) in sulfuric acid (50 ml). 
The mixture is stirred overnight (appr. 15-16 hours) at 
room temperature, and then poured over ice. The mix 
ture is made slightly alkaline, stirred with alkyl acetate 
and is ?ltered. The isolated solid is recyrstallized from 
aqueous dimethylformamide to yield 0.83 g of a buff 
colored, ?uffy solid (32%), mp. 294°—296° C. (with 
violent decomposition). 

Analysis calculated for C||H7N5O3:C, 51.36; H, 2.74; 
N, 27.23; Found: C, 51.28; H, 2.85; N, 27.17. 

EXAMPLE 110 

Preparation of 
8-Bromo-6~(m-nitrophenyl)imidazo[1.5 -d]-as 

triazin-4(3H)-one, compound with dimethylforrnamidc. 
A mixture of 90% fuming niric acid (1.87 ml. 01: 1.5, 

0.04 mole) and sulfuric acid (10 ml) is added slowly at 5° 
C. to a solution of 8-bromo-6-phenyl imidazo[l,S-d]-as 
triazine-4(3H)-one 5.82 g, 0.02 mole) in sulfuric acid. 
The reaction mixture is stirred for 1 hour, poured over 
ice, the precipitated solid is isolated by ?ltration and 
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dried. A dark brown solid (6.58 g, 98%) is obtained, 
m.p. 244°—246‘ C. (a). Recrystallization from aqueous 
dimethyl formamide yields the title compound, a buff 
colored solid, mp. 246'-248° [C(a)] C(d). 

Analysis calculated for Cl1H6BrN5O3, C3H7NO: C, 
41.09; H, 3.20; N, 20.54; Br, 19.53; Found C, 40.99; H, 
3.15; N, 20.34, Br, 20.50. 

EXAMPLE 1 l 1 

Preparation of 
8-Bromo-imidazo[l,5d]-as-triazin-4(3H)-one 

A solution of bromine (8.0 g, 0.05 mole) in acetic acid 
(10 ml) is added to a mixture of imidazo[l,5-d]-as-tria 
zine-4(3H)-one (6.8 g, 0.05 mole) and acetic acid (500 
ml) The reaction mixture is stirred for 1 hour, poured in 
water and extracted with chloroform. The aqueous 
layer is separated, made slightly alkaline and extracted 
with ether. Evaporation of the chloroform and the 
ether layers yields 5.0 g of a solid (46.3%). This solid is 
recrystallized to afford the title product, a cream col 
ored solid, mp. 244°—245° [C(a)] C(d). 

Analysis calculated for C5H3BrN4O: C, 27.80; H, 
1,40; N, 25.94; Br 37.00; Found: C, 28.99; H, 1.36; N, 
26.46; Br 35.91. 

EXAMPLE 1 12 

6, 8-Dibromo-imidazo[l ,5-d]-as-triazin-4(3H)-one 
Bromine (1.5 ml, 0.03 mole) is added dropwise to a 

well stirred mixture of imidazo [1,5-d]-as-triazin 
4(3I-I)-one (1.36 g. 0.01 mole), sodium bicarbonate (2.52 
g, 0.03 mole) and water (25 ml). The mixture is stirred 
for 4 hours and is then ?ltered. The isolated product is 
washed well with water and air-dried. The product 
(2.78 g, 95% ) is recrystallized from toluene-hexane 
(1:1) to yield a cream colored solid, mp. 210°—212° C. 

Analysis calculated for C5H2Br2N4O: C, 20.44; H, 
0.69; N, 19.10; Br 54.39; Found: C, 1916; H, 0.88; N, 
18.80; Br 54.12. 

EXAMPLE 113 

Preparation of 
8- [bromomethyl]Bromomethyl-tS-phenyl-imidazo[1,5 

d]-as-triazin-4(3H)-one 
A mixture of 8-methyl-6-phenylimidazo[1,1-a]-as 

triazine-4(3H)-one (4.52 g, 0.02 mole), N-bromosuccini 
mide (3.92 g, 0.044 mole), benzoyl peroxide (0.24 g, 
0.002 mole) and carbon tetrachloride (200 ml) is re 
?uxed for 8 hours. The reaction mixture is cooled and 
?ltered. The isolated product is washed with water and 
with methylene chloride. The product (2.1 g, 34.4%) is 
recrystallized from nitromethane to yield pale yellow 
crystals, m.p. 254'—256° C. (d). 

Analysis calculated for C|1H9BrN4O: C, 47.24; H, 
2.97; N, 18.48; Br 26.20; Found: C, 47.50; H, 3.21; N, 
18.48; Br, 25.78. 
Evaporation of the ?ltrates and washings followed by 

recrystallization of the residue from nitromethane 
yields a second crop (14.8% of the product. 

EXAMPLE 114 

Preparation of 
3- [alkyl]AIkyI-8-methyl-6-phenylimidazo-as-[1,5-d] 

triazin-4(3H)-ones 
Method A 

Sodium methoxide (0.81 g, 0.015 mole) is added to a 
solution of 8-methyl~6-phenylimidazo-as-[l,5-d]-triazin 
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4(3H)-one (3.39 g, 0.015 mole), followed by the addition 
of the appropriate alkylating agent (i.e. methyl iodide, 
allyl bromide, propargyl bromide, benzyl chloride, di 
propyl sulfate, and the like). The Reaction mixture is 
then stirred at 20° C. for 16 hours, heated at 40° C. for 
45 minutes, cooled and poured on a mixture of ice and 
dilute hydrochloric acid. The product is extracted from 
the above aqueous mixture with chloroform and iso 
lated by evaporation of the chloroform layer. 

Puri?cation is affected by crystallization (cyclohex 
ane or cyclohane-benzene), or by silica gel dry column 
chromatography in chloroform. 

Method B 

_ 3,8-Dimethyl-6-phenylimidazo[l,5-d]-as-triazin 

4(3H)-one 
Dimethylformamide dimethyl acetal (0.73 ml; 

a=0.897, 0.005 mole) is added slowly to a slurry of 
S-methyl-6-phenylimidazo[1,5-d]-as-triazin-4(3H)-one 
(1.13 g, 0.005 mole in benzene (25 ml). The reaction 
mixture is stirred, re?uxed for 24 hours, cooled and 
?ltered. The ?ltrate is evaporated to yield 1.4 g (100%) 
product. Recrystallization from methyl cyclohexane 
yields yellow crystals, found to be identical (irmmr) to 
the product obtained by Method A. 
Compounds prepared by the above procedures are 

listed in Table VII below. 

TABLE VII 

0 
ll 

/ A 
N N N-R; 

Analysis 
R3 Method m.p.("C.) Calculated Found 

CH3— A or B 144-146 C 64.98 C 65.09 
H 5.03 H 5.11 
N 23.32 N 23.45 

CH2=CH-CH2— A 134—l34.5 C 67.65 C 67.70 
H 5.30 H 5.25 
N 21.04 N 21.21 

CHE C—CH2— A 192.5- C 68.17 C 68.24 
193.5 H 4.58 H 4.56 

N 21.20 N 21.17 
C3H1- A 144.5-145 C 67.14 C 67.15 

H 6.01 H 6.19 
N 20.88 N 20.96 

-CH2C¢,H5 A 143-144 C 72.13 C 71.71 
H 5.10 H 5.24 
N 17.71 N 17.42 

EXAMPLE ll5 

Preparation of 
3,8-Dimethyl-6-phenyl-imidazo[ 1 ,5-d]-as-triazin-4(3H) 

thione 

8-Methyl-6-phenyl-imidazo[l,5-d]~as-triazin-4(3H) 
thione (3.76 g, 0.014 mole) is dissolved in aqueous so 
dium bicarbonate (125 ml. 6.7%). Dimethyl sulfate ( 1.85 
g, 0.0147 mole) is added at room temperature and the 
reaction mixture stirred overnight (appr. 15-16 hours). 
The precipitated solid is collected by ?ltration and 
washed thoroughly with water. The dried solid (3.84 g) 
is extracted with benzene. The benzene solution is evap 
orated to dryness, and the residual red solid obtained is 
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extracted with hexane. Evaporation of the hexane solu 
tion yields a tan solid (0.25 g). Recrystallization of this 
tan solid from methanol yields pale yellow crystals, 
m.p. l94°—l95° C. 

Analysis calculated for Ci3H12N4S: C, 60.92; H, 4.72; 
N, 21.86; Found: C, 60.31; H, 4.90; N, 21.34. 

EXAMPLE 1 16 

Preparation of 50 mg. Tablets 
Per Tablet Per l0,000 Tablets 

0.050 grn. 6~phenyl-B-isopro 
pyl-imidazo[l,5-d] 

thione 500 gm. 
0.080 gm. Lactose 800 gm. 
0.0!0 gm. Corn Starch (for mix) 100 gm. 
0.008 gm. Corn Starch (for paste) 75 gm. 
0.148 gm. 1475 gm. 
0.002 gm. Magnesium Stearate (1%) 15 gm. 
0.l50 gm. 1490 gm. 

The 6-phenyl-8-isopropyl-imidazo[l,5-d]-as-triazine 
4(3H)‘thione, lactose and corn starch (for mix) are 
blended together. The corn starch (for paste) is sus 
pended in 600 ml. of water and heated with stirring to 
form a paste. This paste is then used to granulate the 
mixed powders. Additional water is used if necessary. 
The wet granules are passed through a No. 8 hand 
screen and dried at 120° F. The dry granules are then 
passed through a No. 16 screen. The mixture is lubri 
cated with 1% magnesium stearate and compressed into 
tablets in a suitable tableting machine. 

EXAMPLE 117 

Preparation of Oral SusEnsion 
Ingredient Amount 

o-benzyl-8-ethyl—imidazo[l,5-d] 
as-triazin—4(3H)~one 500 mg. 
Sorbitol solution (70% NF.) 40 ml. 
Sodium benzoate 150 mg. 
Saccharin 10 mg. 
Red dye 10 mg. 
Cherry ?avor 50 mg. 
Distilled water qs to 100 ml. 

The orbitol solution is added to 40 ml. of distilled 
water and the 6-benzyl-8-ethyl-imidazo[l,5-d]-as-tria 
zin-4(3H)-one is suspended therein. The saccharin, so 
dium benzoate, ?avor and dye are added and dissolved. 
The voiume is adjusted to 100 ml. with distilled water. 
Each ml. of syrup contains 5 mg. of 6-benzyl—8-ethyl 
imidazo-[l ,5-d]-as-triazin-4(3H)-one. 

EXAMPLE 118 

Preparation of Parenteral Solution 

In a solution of 700 ml. of propylene glycol and 200 
ml. of water for injection is suspended 20.0 grams of 
6~isobutyl-8-n-propyl-imidazo[l,5-d]-as-triazin 
4(3H)-one with stirring. After suspension is complete, 
the pH is adjusted to 5.5 with hydrochloric acid and the 
volume is made up to 1000 ml. with water for injection. 
The formulation is sterilized, ?lled into 5.0 ml ampoules 
each containing 2.0 ml. (representing 40 mg. of drug) 
and sealed under nitrogen. 
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EXAMPLE 119 

Preparation of Aerosol Spray 

A suspension is prepared of: 

S-chloro-?-isopropyl~imidazoil,5-d] 
as-triazine-4(3H)'thione: micro 
nized (0.5-5.0 microns) 400 mg. 
Dichlorodifluorornethane 100 ml. 
Sorbitan lrioleate 6.9 mg. 

The active ingredient and sorbitan trioleate are 
placed in a beaker and the dichlorodi?uoromethane is 
added at —40° C. whereupon a suspension is formed. 
The mixture is sonified, that is, treated with a Soni?er, 
manufactured by the Branson Sonic Power Co. of Dan 
bury, Conn, as model LS-75 at a current input of 9 
amperes for 2 minutes. Additional cold dichlorodifluo 
romethane is added as necessary to keep the volume at 
100 ml. The mixture is uniformly dispersed, and has 
increased stability resulting from the soni?cation. Each 
of six 19 ml. stainless steel containers are ?lled with 15 
ml. of the cold mixture, then valves are inserted and 
sealed in place. On warming, after storage, the 8<chloro 
6-isopropyl-imidazo[l,5-d]-as-triazine-4(3H)-thione re 
mains dispersed and, after merely casual shaking gives 
uniform doses of finely divided drug. 
We claim: 
1. A compound of the formula: 

wherein X is divalent oxygen or divalent sulfur; R1 is 
selected from the group consisting of hydrogen, alkyl 
(Ci~C3), chloro, bromo, iodo and halo-alkyl (C1-C3); R1 
is selected from the group consisting of hydrogen, alkyl 
[(C1-C4)] (C1-C4), cycloalkyl (C3—C(,), methox 
ymethyl, benzyl, naphthyl, phenyl and mono-sub» 
stituted phenyl wherein said substituent is selected from 
the group consisting of [halo, alkyl (C1-C4), haloalkyl 
(C1-C3) amino, dialkyl-Ilhalogen. alkyl (C1—C,,), alkoxy 
(C1-C4), haloalkyl (C1-C3). amino, dialkyl-amino and 
nitro; R3 is selected from the group consisting of hydro 
gen, alkyl (C1-C3), alkenyl (C3-C4) and alkynyl 
(C3-C4); R4 is selected from the group consisting of 
hydrogen and alkyl (C1-C3). 

2. The compound according to claim 1 wherein X is 
oxygen; R1 is methyl, bromo or chloro; Rgis cycloalkyl 
(C3-C6), phenyl or m-tolyl; and R3 and R4 are both 
hydrogen. 

3. The compound according to claim 1 wherein X is 
oxygen and R; and R2 are both hydrogen. 

4. The compound according to claim 1 wherein X is 
sulfur and R1 and R2 are both hydrogen. 

5. The compound according to claim 1 wherein X is 
oxygen, R1 is methyl, and R3 is phenyl. 

6. The compound according to claim 1 wherein X is 
sulfur, R| is methyl, and R; is phenyl. 

7. The compound according to claim 1 wherein X is 
oxygen and R1 and R2 are both methyl. 
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8. The compound according to claim 1 wherein X is 
sulfur and R1 and R2 are both methyl. 

9. The compound according to claim I wherein X is 
oxygen, R1 is bromo, and R; is phenyl. 

10. The compound according to claim 1 wherein X is 
sulfur, Ri is methyl, and R2 is benzyl. 

11. The compound according to claim 1 wherein X is 
oxygen, R1 is chloro and R2 is phenyl. 

12. The compound according to claim 1 wherein X is 
oxygen, R1 and is R3 are both methyl, and R2 is phenyl. 

13. The compound according to claim 1 wherein X is 
oxygen, R1 is methyl and R2 is n-propyl. 

14. The compound according to claim 1 wherein X is 
oxygen, R1 is methyl, and R2 is tert-butyl. 

15. The compound according to claim 1 wherein X is 
oxygen, R1 is chloro, and R2 is p—chlorophenyl. 

16. The compound according to claim 1 wherein X is 
oxygen, R1 is methyl, and R2 is cyclohexyl. 

17. The compound according to claim 1 wherein X is 
oxygen, R1 is methyl, and R2 is m-tolyl. 

1B. The compound according to claim 1 wherein X is 
oxygen, R1 is iodo, and R2 is phenyl. 

19. The compound according to claim 1 wherein X is 
oxygen, R1 is methyl and R2 is p-aminophenyl. 

20. The compound according to claim 1 wherein X is 
oxygen, R1 is bromo, and R; is m-dimethylaminophenyl. 

21. The compound according to claim 1 wherein R1 
is methyl and R2 is Z-naphthyl. 

22. A method of inhibiting the enzyme phosphodies 
terase in a mammal which comprises administering 
internally to said mammal an effective amount of a 
compound of the formula: 

A I 

wherein X is divalent oxygen or divalent sulfur; R1 is 
selected from the group consisting of hydrogen, chloro, 
bromo and alkyl having up to 3 carbon atoms; and R2 is 
selected from the group consisting of hydrogen, alkyl 
having up to 4 carbon atoms, phenyl, benzyl, methox 
ymethyl and o-propoxyphenyl. 

23. A therapeutic composition in dosage unit form 
useful for inhibiting the enzyme phosphodisterase in 
mammals comprising from about 1.0 mg. to about 25.0 
mg. per kg. of body weight per daily dosage unit, in 
association with a pharmaceutical carrier, of a com 
pound of that formula: 

I 

wherein X is divalent oxygen or devalent sulfur; R1 is 
selected from the group consisting of hydrogen, chloro, 
bromo and alkyl having up to 3 carbon atoms, and R2 is 
selected from the group consisting of hydrogen, alkyl 
having up to 4 carbon atoms, phenyl, benzyl, methox 
ymethyl and o-propoxyphenyl. 

24. The process of preparing compounds of the for 
mula: 
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wherein R1 is hydrogen or alkyl having up to 3 carbon 
atoms and R2 is hydrogen, alkyl having up to 4 carbon 
atoms, phenyl, benzyl, methoxymethyl or o-propox 
yphenyl which comprises heating a compound of the 
formula: 

N NH 

wherein R is methyl or ethyl and R1 and R2 are as here 
inabove de?ned in a non-polar high boiling organic 
solvent at a temperature of l75°-275° C. for a period of 
time sufficient for a substantial degree of ring closure to 
occur. 

25. The process of preparing compounds of the for 
mula: 

wherein R1 is hydrogen or alkyl having up to 3 carbon 
atoms and R2 is hydrogen, alkyl having up to 4 carbon 
atoms, phenyl, benzyl, methoxymethyl or o-propox 
yphenyl which comprises heating a compound of the 
formula: 

R2 

N NH 

wherein R is methyl or ethyl and R1 and R; are as here 
inabove defined in a non-polar high boiling organic 
solvent at a temperature of l75°—275° C. for a period of 
time sufficient for a substantial degree of ring closure to 
occur. 

26. The process of preparing compounds of the for 
mula: 

wherein X is divalent oxygen or divalent sulfur; R| is 
chloro or bromo; and R2 is hydrogen, alkyl having up to 
4 carbon atoms, phenyl, benzyl, methoxymethyl or 
o-propoxyphenyl which comprises treating a com 
pound of the formula: 






