402 Hanry R, Sxyper, Jur., axp Lotis L Bexgaanx

~

B. Irreversibility of the Disproportionation.—Cystamine di-
hydrochloride (0.5 mmole) was heated with 0.5 mmole of phenyl
disnlfide, o-chlorophenyl disulfide, or o-hydroxymethylpheu-
vl disulfide, as nsual for disproportionation experiments, in
10 ml] of water at 100° for 72 hr. The three aryl disulfides were
recovered unchanged (mixture melting point and infrared spec-
trum) 1 yields of 99, 104, and 1017, respectively.

C. Material Balance in the Disproportionation of 2-Amino-
ethyldithiobenzene Hydrochloride (10).—An agneons solntion of
10 (0.2338 g, 1.054 mmioles) in witer (10 ml) was heated at 68°
exactly as in the disproportionation of 2-7, except that a 10-diy
period was used to assure nearly complete reaction. Phenyl
disulfide was extracted with CHClL:: yield, 105.8 mg (926 );
mp and mmp 58-59° (infrared spectrum identical with that of
phenyl disnlfide). Thin layer chromatography was performed
on this solid, along with the aqneons phase and appropriate
anthentic =amples, on Kastman Chromagram sheet (Type K
SO1R; previonsly activated at 110° for 0.5 hr).  Devclopment
with 9590 acetic acid for 2 hr and exposure to iodine vapor
showed one spot with Zs 0.81 (identical with anthentic phenyl
disulfide) and enly two other spots, with £ values of .40 and
0.66 corresponding to the authentic samples of eystamine di-
hydrachloride and 10, respectively.

The aqueons phase was evaporated nnder reduced pressnre to
a1 white residue. The residiie was rubbed with cold absolite eth-
anol, which removed 10 but left most of the cystamine sali,
Evaporation of the ethanol left ernde 10.  Several applications
of this procedure finally separated 29.6 mg (139¢) of 10, mp
al tmp 127-131°, ard 102.6 mg (86<7) of eystamine dihydro-
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chloride, mp and mmp 218-220° dee.  Infrared spectra for 10
and the cystamine salt were identical with those of authentic
niaterial.  Since thin laver chromatography showed that only
three materials were present and sinee separation showed these
materials 1o he the two symmetrical disulfides (86-92%¢) and
mnchanged 10 {1377, evidently still containing a little cyvstamine
salts the disproportionation must proceed rather cleanly with
rather shght formation of by-prodncets.

Photochemical Disproportionation of Disulfides 2-7 and 9.
Aqueons soltions of 1 nunole of nnsynmietrieal disulfide in 20
mt of water (1105 M ) in 50ml Pyrex flasks23 were irradiated at a
distanee of 12,5 an with an nltraviolet =ouree (100-w Hanovia
nhtraviolet lomp, Engelhard Indusiries Ine., Newark, N. 1)
for 25 min at room temperature. Isolations and calenkitions
were done in the =anwe manner dexeribed for thermal dispropor-
tionation.

Acknowledgment.—We arc indebted to Drs. T. I,
Sweeney, D, P Jacobus, and P. Coad for helpful sug-
gestions, as well us for testing and for certain materials
nientioned above.  The rescarch was supported by the
U, = Armny Medical Rescarch aund  Developnient
Command, Departuent of the Army, uuder Research
Contract No. DA-49-193-MD-2030.

¢230 A homogeneaas salazion of sparingly soluhle 9 was prepared by dis-
solving 1 mmote in 10 mt of hot water, cooling. and diluting wilh 10 ml
MIOTE.
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The preparation of several 3,6-dihydro-3-(5-nitro-2-furyhimidazo[2,1-bjthiazoles and acid addition salts ix
reported and their /n vitro antibacterial activity is discnssed.  These compounds are prepared by the condensation
of bromomethyl and chloromethyl 3-nitro-2-furyl ketoues with ethylenethiourea and C-alkyl-snbstituted ethylene-

thioureas.
(H-nitro-2-furyl)-3-buten-2-one.

The acid-catalyzed condeusatian of 5-nitro-2-furaldehyde with chlovoacetone produnces 3-chloro-1-
Condensation of 5-nitro-2-furaldehyde with ¢3-chloro-2-oxopropylidene)tri-

phenylphosphorane yields 1-cliloro-4-(5-nitro-2-furyl)-3-buten-2-oue which reacts with ethylenethionrea to give

the vinylog of the title compound.

Since the introduction of nitrofurazone?® as a topical
antibacterial agent, other nitrofurans have been pre-
pared in an cffort to increase activity. This paper de-
scribes the synthesis of a new class of nitrofurans, the
5,6-dihydro-3- (3 -nitro-2-furyl)imidazo[2,1-b]thiazoles
and their acid addition salts, which possess enhanced
in vitro activity, especlally against Proteus vulgaris
and Pseudginonas aeruginosa organisms.

Chemistry.-—The reaction of cthylenethiourea (1a)
and p-nitrophenacyl bromide to yield ¢,7-dihydro-3-(4-
nitropthenyl)-6H-imidazo[2,1-b]thiazolium bromide was
reported by Fefer and King.®  When this reaction was
applied to 1a using bromomethyl and chloromethyl
H-nitro-2-furyl ketones (2a* and 2b,> respectively) in
refluxing cthanol, or dimethylformamide at steam bath
temperature, the imidazothiazoles 3a and 3b, respec-

i1} Presented at the 1501h National Meeting of the American Chemical
Nociely, Ailantie City, N. J., Sept 1065, Abstracis, p 1117,

2) Vuracin®, 3-nirro-2-furatdehyde seraicarbazone.

©3) M. Iefer and L. C. King, J. Org. Chem., 26, 828 (1961).

() 0. Dann, 11, Clrich, and . 1°. MoHer. Z. Natucfoesch,, Th, 354 (10521
Cleean. Ahstr., 47, 8730/ (1953).

(3) G. Gever,” U. 8 DPatent 3,111,530 i1963);: Ciem. .lhstr., 60, 2893
[QRLEN

tively, were formed. Neutralization of the salt 3
produced the frec base 4 which could be converted to
other salts.  Because of the good in vitro activity of
these compounds, several homologs were prepared.
Allkyl substitution on the imidazoline ring carbons
was accomphished by using C-alkyl-substituted cthyl-
cnethioureas (1). The ethylenethioureas were pre-
pared from the appropriately substituted cthylenedi-
sunines and carbon disulfide.%”  Condensation of these
ethiyvlenethiourea~ with 2a or 2b resulted in the products
3a-e listed in Table 1. It is interesting to note that the
synthesis of 3¢ and 3d, as well as 3a and 3b, proceeded
smoothly at steam bath temperature. However, in
order to obtaiu 3e, it was necessary to carry out the
reaction in refluxinug Methyl Cellosolve. I'urther-
more. it should be noted that the methyl and gemn-
dimethyl groups of 8¢ and 3d, respectively, can be on
cither methylene carbon of the imidazoline ring.  Thin
layer chromatography in several systems indicate

6) AL MelKuy and W, G, Hatton, J. Am. Chem. Soc., 78, 1618 (1056).
(7} L. Zalhlova, Collection Czech. Chem. Commun., 2, 108 (1930); Chen.
slbstr. 24, 2431 (1930).
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that both compounds are homogeneous. Therefore,

although the position of the methyl groups is unknown,
the structures of 3¢ and 3d have been assigned arbi-
trarily. The possibility of c¢is and trans isomers of 3e
exists. However, thin layer chromatography in several
solvent systems indicated a homogeneous compound.

When tetrahydro-2-pyrimidinethione (le), prepared
from 1,3-diaminopropane and carbon disulfide,® was
condensed with 2b, the product, after conversion to
the chloride salt, was the thiazolopyrimidine 3f.
It was also necessary to carry out this reaction in re-
fluxing Methyl Cellosolve. The condensation of 1la
with the bromoethyl ketone 2¢, prepared by bromi-
nating ethyl 3-nitro-2-furyl ketone,® gave the product
3g.

In order to prepare the vinylog of 3b it was neces-
sary to synthesize the chloromethyl vinyl ketone 5.
Toward this end, chloroacetone (6) was condensed
with 3-nitro-2-furaldehyde (7) in glacial acetic acid
solution containing some concentrated sulfuric acid
(see Scheme I). It was anticipated that under the acid
conditions, the condensation would take place on the
methyl group of 6 to give the desired product.® Al-
though the material gave satisfactory analytical values,
it failed to react with la. In fact, the product be-
haved in a manner that indicated that the chlorine
was very unreactive; e.g., the compound gave a nega-
tive test with sodium iodide in acetone. Such would
be the case if the condensation had occurred on the
methylene carbon of 6 to give a vinyl chloride as in
8. The nmr spectrum of the condensation product
clearly indicated that this compound did indeed
have structure 8. Three singlets at = 7.5 (3H) (CH,),
2.7 (2H) (furan protons), and 2.45 (1H) (olefinic pro-
ton) were observed. Compound 5 was prepared by
the method of Hudson and Chopard.?® They de-
scribed the synthesis of the Wittig reagent 9 and its
subsequent reaction with carbonyl compounds to give
chloromethyl vinyl ketones. When this reaction was
applied to 7, the desired product was obtained in good
yvield. It is interesting to compare the nmr spectra of
5 and 8. It may be noted that 5 shows the expected
-CH,~ singlet at 7 5.25 (2H) as well as a pair of two
overlapping AB quartets (total of 4H) corresponding to
the furanoid and olefinic protons. Compound 5 was
assigned the ¢rans configuration on the basis of the 16-
eps coupling constant observed between the two ole-

(8) W. B. Stillman, A. B. Secott, J. M. Clampit, R. F. Raffauf, W, C’
Ward, and M, C. Dodd, German Patent 974,574 (1961).

(9) E. 8. Gould, ""Mechanism and Structure in Organic Chemistry,"
Henry Holt and Co., lnc., New York, N. Y., 1959, p 383; T. Weygand and
V. Schmid-Kowarzik, Ber,, 82, 333 (1949),

(10) R. F. Hudson and P. A, Clhopard, J. Org. Chem., 28, 2446 (1963).
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finic protons.’' Condensation of 5 with la proceeded
smoothly to yield the vinylog 10.

Screening Results.—These compounds were screened
in vitro against a variety of bacteria according to
procedures described previously.'? It can be seen in
Table IT that all of the compounds possess broad-
spectrum activity against both gram-positive and
gram-negative organisms. However, the activity of
these compounds against Pseudomonas aeruginosa
and Proteus vulgaris is of particular interest. The data
for nitrofurazone? are included for comparison. Irom
the data shown, the following observations are ap-
parent: (1) all of the compounds are active against
Proteus vulgaris and Pseudomonas aeruginosa; (2)
there is little difference in activity between the free
base and its salts (compare 3a and 3b with 4); (4)
C-methyl substitution and ring expansioil cause a
decrease in activity (compare 3¢, 3d, 3e, 3f, and 3¢
with 8b); and (4) insertion of a vinyl group (10) be-
tween the two hetero rings has little effect on activity.

Compounds 3a, 3b, and 4 were screened against
five additional strains of Proteus vulgaris and Pseudo-
monas aeruginosa. From the data listed in Table III
it can be seen that the three compounds possess excel-
lent activity against these organisms. Compound 3b,
under the generic name of furazolium chloride, is
currently undergoing clinical evaluation, in a water-
miscible base of polyethylene glycols, as a topical anti-
bacterial agent.

Experimental Section

All melting points were taken on a micro hot stage (Fisher-
Johns) melting apparatus and are uncorrected. The physical
and analytical data for compounds 3 are reported in Table I.
The nmr spectra were determined on a Varian Model A-60
spectrometer.

6,7-Dihydro-3-(5-nitro-2-furyl)-5H-imidazo[2,1-b] thiazolium
Bromide (3a).—A mixture of 1a (20.4 g, 0.2 mole) and 2a* (46.8
g, 0.2 mole) in absolute ethanol (5600 ml) was refluxed for 4 hr.
The reaction mixture was cooled and filtered to vield 58.0 g
(91%) of product decomposing at 242-244°. The material
was recrystallized from methanol (charcoal).

5,6-Dihydro-3-(5-nitro-2-furyl)imidazo[2,1-b]thiazole (4).—A
solution of 3a (184 g, 0.58 mole) in water (20 1.) was stirred and
neutralized with aqueous NaHCO; (pH 7.5). The mixture was
filtered and the product was washed with water and dried at
65° to vield 137 g (1009 ) of material melting at 168-171°.
A sample was recrystallized from a benzene-hexane mixture
(charcoal) to give red needles melting at 171-172° dec.

Anal. Caled for CgH;N;O38: C, 45.56; H, 2.98; N, 17.71.
Found: C, 45.64; H, 3.02; N, 17.41.

(11} L. M. Jackman, "Applications of Nuclear Magnetic Resonance Spee-
troscopy in Organic Chemistry,"” Pergamon Press Inc., New York, N. Y.,
1959, p 85.

(12) F. F. Ebetino, W, F. Carey, and B. T. Stevenson, J. Med. Chem., 8,
633 (1963).
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AcOH 7
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TaBLE I: 6,7-1)mwuo-i’)-(.:')-xrmo-z-ptuyL)-E)H-L\nnAzo[2,1-()]'1‘}11.\201_1L:\r Haribes (3)
_Ui S
= (CH n
Yield,® P ST R 110 ) S ] L2 ST T) SR
No R R R: R @ X l'ormnla AMp, °C i & H = C 1 =
3n H  H  H H 0 Br CHBrNO,s 244245 01 3307 2053 25,12 34033 2,58 24 N7
b H H H H 0 Cl  CyHsCIN;Ou= >260 dee  79.5 50,49 2,04 12.96° 39.52  5.06 13,22°
¢ H CH; H H 0 Cl  CioHpCIN;Og= 253-254 62 41.74 3.50 11.15 41,94 3,72 11,34
d H CH; CH:; H 0 Cl CiiH;:CIN;O38 258-259 61.2 43,78 4.01 10,63 43,02 4.18 10.72
¢ H CH; H CH; 0 Cl CuHpCIN;O:8 221-222 18 43.7% 4.01 10.065 43,08 3.07 10,72
f H H H H 1 Cl  CypH,pCINGOS 242-243 72 41.74 3.50 11.15H 41.74 3.65 11.08
g CHy H H H 0 Cl CoHpCIN;O:8 255 dec 63.2 41,74 350 14,604 41,88 5.59 14 43%
« Over-all yield from the bromomethyl ketone 2. ® Valite for Br. ¢ Valne for Cl. ¢ Valne for N,

TapLwIl:

s oo

Pseudo-
Eschericiia Salnonella monas Droteus
coli typhosa aeruginosa vulgaris
No. Es-2° 8aD-13 Ps-10 Pr-12
S <0.75 <0.75 25 25
3h <0.75 <0.75 25 25
4 <0.75 <0.75 25 12.5
ae 0.8 0.4 100 50
3d 0. 0.5 200 200
Se 0.4 0.75 100 100
of 1.5 0.6 100 50
e 38 1.5 100 25
10 0.38 (.38 50 12.5
Nitro-
furazone’ 3 i >100 100

Minimal inlibitory concentration, uz.‘ml®

In Vitro ANTIBACTERIAL ACTIVITY OF 5,6-DIHYDRO-3-(5-NITRO-2-FURYL)JIMIDAZO[2,1-h I THIAZOLES AND ACil ADDITION SALTS

e

Erysipe- Staphyio- Strepto- Steepio-

Aecabacter lothris coceds coceus COCCUS

aerogeres Snstdiosa anreus pyogedes agalaetiae

Ae-6 Tr-+ Mi-f StA-] Si3-12
1.5 G.25 6.25 25
6.2 1.3 6.2 6.25 25
5.1 [ G.2 5.1 25
6.2 6.2 6.0 6.2 S50
12.5 12.5 12.5 25 160
6.0 6.6 6.t 12.5 100
25 <15 120 6.0 25
12.5 1.5 6.0 0.75 12.5

0.75 0.19 0.5 0. 045 1.-'

100 12.5 12.5 G 12.5

*+ Minimum inhibitory concentration is the lowest concentration of compound that prevents visible growth after 24 I of inenbation.

“ liaton Laboratories strain number.
(1962).

TapLe IIT
CoararisoN or Cosrouvzns Testepd in Vitro vs. Iive
Proteus axp Frve Psendomonas STRAINS

s—me——24-hr MI1CD gl
Ntrain no® 3a 3b 4
Protens
52 100 Sl 50
53 S0 25 25
54 0 50 50
5] 50 25 25
56 50 25 25
Pseudomonas
A 25 25 25
41 12 <6 6
42 12 <6 6
44 12 <6 6
45 12 <06 6

« Baton Laboratortes strain number. » Minimum inhibitory
concentration is the lowest concentration of the compotnd thai
prevents visible growth after 24 hr of inenbation.

¢ For comparison, see J. G. Michels, Gi. Gever, und P. H. L. Wet, J. Med. Pharne. Chem.. 5,

1042

6,7-Dihydro-3-(5-nitro-2-furyl)-5H-imidazo[2,1-6] thiazolium
Chloride (3b). Method A.—A hot solution of 4 (80.0 g, 0.330
mole) in methanol was avidified with concentrated HCl (pH ~-2).
The hot solution was filtered and after chilling the prodnct wis
collected. The salt wus washed with ether and dried at 65° (o
vield 73.0 g (79.5%) of 8b, deconiposing >250°. The crude
product was recrystallized from methanol (charcoal) with no
change in the decowmposition point.

Method B.—A solution of 1a (53.9 g, .53 mole) and 2b® (100.0
g, 0.53 mole) in dimethylformamide (300 ml) was heated at 95°
for 30 min., The mixture was cooled and filtered. The product
was washed with methanol and dried at 60° to yield 124.0 g
(86<;) of 83b. The infrared and nltraviolet spectra agreed with
those of 3b prepared by method A.

4,4-Dimethyl-2-imidazolidinethione (1lc)~-Using the method
of McKay and Hatton,$ 1¢ was prepared in a 68.09 yield from
1,2-diamino-2- methylpropane and CS:; mp 118.5-119° (ben-

zene).
Anal. Caled for CiHpNss: O, 4611 M, 7.74; N, 21.52.
Found: C, 46.16; H, 7.80; N, 21.41.

Compounds 3c-f (Table I) were prepared by condensing -
methyl-2-imidazolidinethione (1b),% 4,4-diinethyl-2-imidazolidine-
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thione (l¢), 4,5-dimethyl-2-imidazolidinethione (1d),” and
tetrahydro-2-pyrimidinethione (le),$ respectively, with 2a.

The crude bromide salts were converted to the free bases and
then to the chloride salts for characterization. Thin layer
chromatography of 3c—e in several solvent systems indicated that
the compounds were homogeneous.
2-Bromo-1-(5-nitro-2-furyl)-1-propanone (2¢).—FEthyl 5-
nitro-2-furyl ketones (25.0 g, 0.15 mole) was dissolved in warm
CCl; (200 ml). The solution was kept at 60-70° while bromine
(24.0 g, 0.15 mole), dissolved in CCls (50 ml), was added rapidly.
Iuitially there was 1o reaction. The mixture was refluxed with
stirring for 0.5 hr. After this time, the reaction became very
exothermic; stirring and heating were stopped until the reaction
abated. Then stirring and heating were contimed nniil HBr
evolution ceased. The solution was boiled with charcoal for 5
min and filtered. The filtrate was concentrated to ca. 50 ml;
the produet precipitated after the addition of 400 ml of petrolenm
ether (bp 30-60°). The yield of ernde prodnet melting at 56—
58° was 24.0 g (65.092). TRecrystallization of a sample from
petrolenm ether (bp 30-60°) raised the melting point to 59.5-
60°,
Anal. Caled for C;H¢BrNOy: C, 33.89; H, 2.44; Br, 32.22.
Found: C, 34.20; H. 2.48; Br, 32.38.
6,7-Dihydro-2-methy!-3-(5-nitro-2-furyl)-5H-imidazo [2,1-b] -
thiazolium Chloride (3g).—A mixture of 2¢ (124.0 g, 0.5 mole)
and la (51.0 g, 0.5 mole) in dimethylformamide (500 ml) was
heated at 130-140° for 10 min. The mixture was allowed to
cool to roomn temperature, diluted with ether (400 ml), and fil-
tered to yield 120 g (70.09;) of crude bromide salt. The salt
was dissolved in water and neutralized with aqgneons Na.COs;
solution. The red free base was collected, washed with water,
and dried at 100° to yield 86.0 g (95 ). A sample of the free
base (36.0 g, 0.14 mole) was stirred into concentrated HCI (25 ml)
to give a yellow lnmpy paste. The paste was stirred with 2-pro-
panol (350 ml), diluted with ether, and filtered. The product
was dried at 110° to yield 38.0 g (959 ) of crude chloride salt.
A portion of the salt (36.0 g) was recrystallized from 2-propanol
(10 ml/g) (charcoal) to give 31.0 g of 3a decomposing at 255°
when placed on a preheated melting point block.
3-Chloro-4-(5-nitro-2-fury!)-3-buten-2-one (8).—To a solu-
tion of 6 (145.0 g, 1.57 moles) and 7 (141.0 g, 1.0 mole) in acetic
acid (500 ml) was added coucentrated HoSO; (100 ml) during 10
min at 20-25°.  The dark red solution was allowed to stand in the
refrigerator for 6 days. The precipitate was collected, washed
with 2-propanol, and air dried. The crude material was re-
crystallized from ethyl acetate (charcoal) to yield 96.0 g (44.5%,
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of 8 melting at 118-120°. Further recrystallization of the
material from 2-propanol raised the melting point to 120-121°.

Anal. Caled for CsHeCINO,: Cl, 16.45; N, 6.50. Found:
Cl, 16.48; N, 6.48.

The nmr spectrum (CDCl;) displayed three singlets at =
7.5 (3H), 2.7 (2H), and 2.45 (1H).

1-Chloro-4-(5-nitro-2-furyl)-3-buten-2-one (5).—A mixture of
7 (107.0 g, 0.76 mole) and 9 (182.0 g, 0.517 mole) in benzene
(1200 ml) was refluxed for 1 hr. The benzene was removed
nnder reduced pressire, and the residite was recrystallized from
methanol to yield 92.0 g (82.99) of erude 5 melting at 134-136°.
A portion of the product (70.0 g) was recrystallized from 2-
propanol to give 53.0 g of 5 melting at 137-138°.

Anal. Caled for CHeCINOy: C, 44.56; H, 2.81; Cl, 16.45.
Found: C, 44.64; H, 2.80; Cl, 16.47.

The umr spectriim (DMSO) showed singlets at 7 53.25 (2H),
3.2, 2.91, 2.72, 2.68, 2.58, 2.30 (overlap), and 2.24 with J = 16
cps.

6.7-Dihydro-3-[2-(5-nitro-2-furyl )vinyl]-5H-imidazo[2,1-b] -
thiazolinm Chloride (10).—A mixture of la (31.0 g, 0.3
mole) and 5 (65.0 g, 0.3 mole) in absolute ethanol (ca. 3000
ml) was refluxed for 4 hr.  The reaction mixture was cooled and
filtered to give 66.0 g of crude 10 decomposing at 245°. Con-
centration of the filtrate followed by cooling resulted in a second
erop of 14.8 g decomposing at 245°; total vield 80.8 g (88.75,).
Recrystallization of crnde 10 from methanol (charcoal) did not
affect the decormposition point.

Anal. Caled for CuHpCIN:O,8: C, 44.08;
14.02. Found: C, 44.22; H, 3.58; N, 14.24.

H, 3.36; XN,
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The synthesis of several N-acylamido-5-nitro-2-furamidines and 3-alkyl-3-(5-nitro-2-furyl)-1,2 4-triazoles is
described. The antibacterial testing data for these and other derivatives are discussed.

A continuing search for new chemotherapeutic nitro-
furaus led to an investigation of 1,2 4-triazole deriva-
tives and intermediates.

Chemistry.—The compounds herein reported were
prepared by a modification of the method of Browne
and Polya? for the synthesis of 3-aryl-5-alkyl-4H-
1,2,4-triazoles. Thus, ethyl 3-nitro-2-furimidate hy-
drochloride® was treated with various alkyl hydrazides
in the presence of 1 equiv of base to yield N-acylamido-

(1) For paper IIin this series see I1. A, Burchand L. E. Benjamin, J. Med.
Chent., 9, 425 (1966).

2} E. J. Browne and J. B. Polya, J. Ckem. Soc., 5149 (1962).

(3) W. R. Slherman and A. Von Liseh, J. Med. Chem., 8, 25 (1965).

amidines (I). The physical and analytical properties
of I are summarized in Table I. Cyeclization of the N-
acylamidoamidines I was effected readily in refluxing
phosphorus oxychloride solution or refluxing glacial
acetic aecid solution to give the 3-alkyl-5-(3-nitro-2-
furyl)-4H-1,2 4-triazoles (II) listed in Table II. These
reactions are summarized as shown in Scheme I.
In addition, triazole Ila (R = H) was acetylated with
acetic anhydride and carbammoylated with methyl
isocyanate in dimethylformamide solution to give III
and IV, respectively. No satisfactory method was
found for establishing the position of ring-nitrogen sub-
stitution in IIT and IV. Alkylation of triazole IIb



