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Acetylation of 5-Amino-1H-[1,2,4]triazole Revisited
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The products of the acetylation reactions of the common herbicide 5-amino-1H-[1,2,4]triazole were
investigated using HPLC, GC-MS, 'H NMR, and FTIR spectroscopy. The conventional annular
monoacetylation procedures with acetyl chloride are not regioselective and furnish a mixture of isomers.
Traditional diacetylation in neat acetic anhydride under reflux produces a mixture of di-, mono-, and
triacetylated derivatives. By using equivalent amounts of acetic anhydride in a dimethylformamide
solution, a rapid and selective annular monoacetylation of 5-amino-1H-[1,2,4]triazole was achieved.
The monoacetylation proceeds via the formation of the intermediate, 1-acetyl-3-amino-1H-[1,2,4]-
triazole, which had not been observed previously and which undergoes transformation into the known
1-acetyl-5-amino-1H-[1,2,4]triazole. Neat acetic anhydride at room temperature affords the diacetylated
derivative, 1-acetyl-3-(acetylamino)-1H-[1,2,4]triazole both from 5-amino-1H-[1,2,4]triazole itself and
from either l-acetyl-5-amino-1H-[1,2,4]triazole or 5-(acetylamino)-1H-[1,2,4]triazole. The atypical
product of the second acetylation, 1-acetyl-5-(acetylamino)-1H-[1,2,4]triazole, has been identified.
These results may be useful in the development of effective and selective preparative procedures
for the acetylation of 5-amino-1H-[1,2,4]triazole.

KEYWORDS: 5-Amino-1 H-[1,2,4]triazole; amino-[1,2,4]triazoles monoacetylated; amino-[1,2,4]triazoles
diacetylated; 5-amino-1 H-[1,2,4]triazole, acetylation of

INTRODUCTION N—NH HN—N /—rc

Amitrole (other names include Amizol, ATA, Cytrol, ENT, HZN/< /) HZN/Q\ » HZN/iN)
and Weedazol), usually called 3-amino-1H-[1,2,4]triazole, is a 3_amino_:lH_ 5-ami :‘H _H
common, nonselective herbicide and defoliant for cottbs ( N @ . Samino4t
3). Efforts have been made toward anchoring it on polymer amino forms
supports via acylation with polymeric anhydrides forming an 1 1 810°
amide bond(s), which in the case of an unequivocal product HN—NH HN—N
would allow for controlled release of the bioactive material % »
under natural conditiongl(5). The amitrole molecule has three HN N/ HN N
points to be N-acylated: the primary exocyclic Ngroup and H
two annularN1 andN2 nitrogen atoms. Th&4 nitrogen, like ~ ~ ~
that of H-[1,2,4]triazole itself §), offers significant resistance . 1O‘!imino forms

: 810"

to acylation ¢, 8). Reactions with polymeric anhydrides do not
appear to be selectivi@g, 5). Therefore, more information is  Figure 1. Probability of the occurrence of various C-amino-[1,2,4]triazole
required about the various kinds of amitrole N-acylations. One tautomers as anticipated by theoretical calculations (13).

way to attain this is to gain a better understanding of the . . ) o . .
acetylation of this compound. This might lead to development fri@zole (cf. Figure 1) without indicating which of those is

of better and higher yielding synthetic methods for the acetyla- pro_per_o’r prevalentlQa). Howev_er, ina Iate_r supp_lement of
tion of amitrole. Such information would also be useful for Beilstéin’s Handbucl{10b), C-amino-[1,2 4]triazole is named

biological studies, where acetylated radioisotopically labeled 3-amir]o-1H[1,2,4]triazole. The basic preparative handbook
C-amino-[1,2,4]triazoles are necessary (9). Organic Synthesi¢l1) and most commercial catalogues (e.g.,

Amitrole asC-amino-[1,2,4]triazole belongs to a heterocyclic ref 12) also listC-amino-[1,2,4]triazole as 3-amino-{1,2,4]-

system, which can exist as one or more structural isomersg'alzmle't. althOLf[gh no <.aV|de.n.ce|f|or tlh's s'g]ucture__ls. given.
differing only in the position of the H-atomBeilstein's aiculations at a semiempirical 1evel on the amtfmino

Handbuchlists all five possible structures @-amino-[1,2,4]- E‘;“Ztoﬂﬁggc‘:?;”;ﬁ d°§imiﬂﬁﬁl[fglﬂf§f§!§|2ht?é g’tflg‘égd:n'lost

stable and evenly distributed. The remaining tautomers are
* Author to whom correspondence should be addressed (e-mail y 9

rzeszot@uni.opole.pl; telephone 48 77 454 58 41, ext. 2232; fax 48 77 441 Unlikely to appearkigure 1) (13). Recent ab initio calculations
07 40). at the highest level of theory [6-31G**(CCSD)//6-31G** (HF)]
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Figure 2. 5-Amino-1H-[1,2,4]triazole acetylation products with Ac-Cl or Ac,O according to the literature (7, 23-25, 27).

Table 1. Chemical Shifts of 5-Amino-1H-[1,2 4]triazole (Obtained
According to Reference 11) in DCON(CDs),

Compound Temp. Chemical shifts (ppm}
°C bs, NH-ring s, N-CH bs, NH,
HN—N j .845 (16)* 7.516 (12)* 6.8 12)*
//\\\ Major set 12.845 (16) (12) 98 (12)
HN N
-50
N—NH  Minor set 13.485 (1) 8.350 (1) 5.980 (1)
4
HZN/<N/)
HN—N 20 12.200 7401 6.004
A
HzN/k\N) 8316°

aNumbers in parentheses denote a relative intensity of the signal. ® Without
integral.

on the three tautomeric amino forms@famino-[1,2,4]triazole

also predict the 3-amino-1H- and 5-amino-1H- tautomers are

essentially isoenergetic in the gas phase with the 3-amtio-4
tautomer 7 kcal moft to higher energy (14). The electronic
Beilstein’s Databasdists the same CAS Registry No. (61-82-
5) for both 3-amino-H- and 5-amino-H- structures. X-ray
diffraction on the single crystal of 3-amind43[1,2,4]triazole
(amitrole) (L5) has revealed that it is actually 5-aminbH[1,2,4]-
triazole (16). Likewise,
C-amino-[1,2,4]triazole salts, the cation has the 5-amiHp4H-
[1,2,4]triazolium form (e.g., refsl7—20). The 3C NMR
spectrum of the commercially availalileamino-[1,2,4]triazole

monoacetyl isomerd and 3, when treated with the second
equivalent of acetyl chloride, are converted to l-acetyl-3-
(acetylamino)-H-[1,2,4]triazole [Ac-AT(AC); 4] (24,25). The
same diacetyl compound was also obtained from 5-amiito-1
[1,2,4]triazole with neat acetic anhydride at reflux (27). Its
hydrolysis furnishes 5-(acetylaminoH1[1,2,4]triazole 8) (23,
27).

Acetyl chloride and acetic anhydride have been reported to
give mixtures of acetylated and diacetylated derivatives (but
this has never been experimentally documented), which posed
a separation problem and led to low isolated yields. Therefore,
N-acetylimidazole was used for a selective 1-acetyl-5-amino-
1H-[1,2,4]triazole (1) formation9). The reagent is, however,
expensive, moisture sensitive, and rather difficult to handle.
Furthermore, it was employed in severalfold excess. So far, no
contemporary method, with but one exception (25), has been
used to study the ac(et)ylation reactions of 5-amihbf1,2,4]-
triazole and to check the homogeneity of the products. Thin-
layer chromatography (9gcks sensitivity for showing low
percentages of contamination. In this study we reinvestigated
the reactions of 5-aminoH:[1,2,4]triazole with acetyl chloride
and acetic anhydride using HPLC, GC-MB,NMR, and FTIR

in the solved crystal structures of spectroscopy as analytical tools and report our results.

EXPERIMENTAL PROCEDURES
Syntheses of HPLC Standards.General. 5-Amino-1H-[1,2,4]-

(21) in (CD3)2SO solution shows this compound as being largely triazole, of ~97% purity, supplied by Fluka, was crystallized from

the 5-amino-H- tautomer 8, 21). A study 3-amino-H-[1,2,4]-
triazole in aqueous solution usingfN NMR spectroscopy

ethanol to give a product of purity 99.5% by HPLC. Volatiles from
reaction mixtures were removed in vacuo on a rotary evaporator at a

concludes that the 5-amino-1H- isomer dominates, with the bath temperature not exceeding<8 Melting points were determined

5-amino/3-amino ratio being ca. 2:1 (22).

To confirm the structure af-amino-[1,2,4]triazole (amitrole),
we synthesized the compound according tolref This turned
out to be identical to the commercially available amitrd@)(

(based on mps, chromatographic, and spectral characteristics)

We recorded itdH NMR spectra in DCON(CE), solution at
both low and room temperature. The resultalfle 1) demon-
strated that the 5-amino-1H- isomer is predominant.

Studies on the acetylation of 5-aminbk[1,2,4]triazole (AT)
have shown (Figure 2) that 1 equiv of acetyl chloride yields
an annular N-acetylated produ@3-25). This contains the €
O band at 1732 cmi in the IR (KBr) spectrumZ3), and its
annular proton chemical shift is 7.57n the'H NMR [(CD3)2-
SQ] spectrum (2526), which would indicate the structure of
1l-acetyl-5-amino-1H-[1,2,4]triazole [AT(Ac)l] and not that
of 1-acetyl-3-amino-#-[1,2,4]triazole [(AT(AC); 2] as has been
incorrectly ascribed (23). 1-Acetyl-5-amino-1H-[1,2,4]triazole
(2) in the fused state7( 23) or in concentrated solutiong)(at
higher temperatures undergoes an intermolecd)drgnsacetyla-
tion to 5-(acetylamino)-Hi-[1,2,4]triazole (Ac-AT; 3). Both

by differential scanning calorimetry (DSC) using a DSC-2010 calo-
rimeter (Thermal Analysis Instruments) under nitrogen in a closed
copper vessel with a heating rate of U0 min1.
1-Acetyl-5-amino-1H-[1,2,4]triazole [AT(Ac}]. Acetic anhydride
(2.38 mL, 15 mmol) was added to a solution of 5-amirn{1,2,4]-
triazole (0.84 g, 10 mmol) in dimethylformamide (20 mL). After
standing for 1 h atroom temperature, the reaction mixture was
concentrated and the residue was crystallized from ethanol (10 mL) to
give colorless crystals (0.92 g, 73%): mp 158@5[Lit. 91%, 150
°C (23); 30%, 151+154°C (24); 60%, 153C (24); 71%, 148C (7)];
tr 5.05, 96.87% purity*H NMR 6 7.540 (s, 1H, N—CH), 7.455 (bs,
2H, NHy), 2.558 (s, 3H, Ch) (in accord with ref7).
1-Acetyl-3-(acetylamino)-1H-[1,2,4]triazole [Ac-AT(Ac4]. A. A
suspension of 5-amino-1H-[1,2,4]triazole (1.26 g, 15 mmol) in acetic
anhydride (15 mL) was stirred for 20 h, the reaction mixture evaporated,
and the residue crystallized from acetonitrile (4 mL) to give colorless
crystals (1.28 g, 51%): mp 195.9C [Lit. 190—191 °C (27); 38%,
191-193°C (24); 48%, 190°C (24)]; tr 6.21, 92.00% purity*H NMR
0 10.760 (s, 1H, NH), 9.108 (s, 1H,-NCH) (25, 26), 2.582 (s, 3H,
CHs-ring), 2.073 (s, 3H, Ch).
B. A suspension of 5-amino-1H-[1,2,4]triazole (0.84 g, 10 mmol)
in acetic anhydride (50 mL) was stirred for 6 days, and the reaction
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Table 2. Chemical Shifts of 5-(Acetylamino)-1H-[1,2 4]triazole (3) in
DCON(CD3),

Compound Temp. Chemical shifts (ppm)
°C bs, NH-ring s, CO-NH s, N-CH
HN=N " Major set 13.894 11.953 7.705
e
-50
N—NH Minor set 14.159* 8.521"
4
el
T 20 13.326 11.507
. . 7.674
e
8.313°

a Without integral.

mixture was evaporated to furnish colorless crystals (1.68 g, 100%):

mp 195.65°C; tr 6.21, 96.45% purity.
5-(Acetylamino)-1H-[1,2,4]triazole [(Ac-AT)3]. A solution of

5-amino-1H-[1,2,4]triazole (0.84 g, 10 mmol) in acetic anhydride (25

mL) was refluxed for 1 h and evaporated. Water (50 mL) was adde

to the residue, and the suspension was stirred for 24 h. The precipitate

was filtered off to give colorless crystals (1.12 g, 89%): mp 298.94
°C [Lit. 295—300°C (27); 100%, 288C (23); 95%, 287-288°C (23)];

tr 2.82, 100.00% purity*H NMR 6 13.283 (s, 1H, NH-ring), 11.105
(s, 1H, CONH), 7.841 (s, 1H, N—CH) (226), 2.073 (s, 3H, C}.
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Figure 3. Proton chemical shifts (ppm) of acetylated C-amino-[1,2,4]-

d triazoles in a (CD3),SO solution (units have been omitted for clarity).

2); both were carried out in suspension either (i) in tetrahydro-
furan at 20°C (20 h, 91% isolated yiel®3) or (i) in acetonitrile

at 65—70°C (1.5 h, 30% isolated yiel®4). HPLC examination
shows slow progress of the former reaction and reveals that

Evidence for the tautomeric proton position of the compound is given both yield a mixture of two isomeric monoacetyl derivatives,

in Table 2.
HPLC. The results of acetylation experiments were followed using

1-acetyl-5-amino-#-[1,2,4]triazole [AT(Ac);1] and 5-(acetyl-
amino)-1H-[1,2,4]triazole (Ac-AT;3), in a 10:1 ratio in the

a Beckman chromatographic system. It consisted of a model 126 former and in a 2.5:1 ratio in the latter procedufalfle 3, A
programmable module, a model 168 diode array detector, and a modelgng B). We did not find the diacetyl derivative, as suggested
210A injection valve. The separations were performed on an Alltech by others (9). The outcome of the latter procedure and its low

Alltima, Cig, 5um, 150x 4.6 mm reversed-phase column with al5
injection loop. The mobile phase was 0.1% trifluoroacetic acid/ACN
(95:5) at a flow rate of 1 mL mint. Detection was made at 210 nm as
a rule and at 250 nm in some instances.

IH NMR. Spectra were acquired in DCON(@@solution (Tables
1 and2) or in (CDs),SO solution Table 3 andFigure 3) on a Bruker
Advance DRX 300 MHz instrument, with tetramethylsilane as internal
standard.

FTIR. Spectra were recorded on a Philips Analytical PU9800 FTIR
spectrometer at 2 cmi nominal resolution in KBr and Nujol.

GC-MS. An HP 6890 gas chromatograph with an HP-5 column and
an MS 5973 (El) mass spectrometer as detector were used.

RESULTS AND DISCUSSION

Two detailed procedures for preparing 1-acetyl-5-amikie-1
[1,2,4]triazole [AT(Ac); 1] from 5-amino-1H-[1,2 4]triazole
using 1 equiv of acetyl chloride have been descrideéduyre

isolated yield of the major product are not a surprise as the
reaction proceeds on heating. However, a tetrahydrofuran
solution of 1-acetyl-5-aminoH-[1,2,4]triazole () left standing
at 20 °C under the conditions of reaction i displays<d %
increase in Ac-AT 8) amount. Thus, the isomeric compound
Ac-AT (3) in the former procedure was formed by direct acetyl
chloride action rather than by the transacetylation pathway.
We tried a milder acetylating agent in a 5-amind-[i.,2,4]-
triazole-solubilizing medium. The substrate, treated with 1 equiv
of acetic anhydride in dimethylformamide at 20, disappeared
almost completely after 30 s to furnish, as expected, the desired
AT(Ac) (1) in an acceptable ratio to Ac-AT3] (Table 3, C).
However, we unexpectedly found the third isomer, 1-acetyl-3-
amino-1H-[1,2,4]triazole, AT(Ac') Z), in the postreaction
mixture. The ratio of AT(Ac) {) to AT(Ac) (2) was 9:1.
AT(Ac") (2) has been postulated§) as the intermediate in the

Table 3. Acetylation Experiments on 5-Amino-1H-[1,2,4]triazole (A—I2), 1-Acetyl-5-amino-1H-[1,2,4]triazole (1) (J), and

5-(Acetylamino)-1H-[1,2 4]triazole (3) (K)°

1 equiv of acetylating agent

excess acetylating agent

compound  tf(min) A(%) B(%) C®%) C (%) C'(%) D®%) E@) F®%) G®) G (%) H®) 1% I®%) I ®%) K®%)
AT 206 20 104 13 32 7.7 06 03 39

AT(AC) 1 505 872 631 853 900 685 584 7.0 606 32

AC-AT 3 282 85 234 13 55 238 74 81 20 126 97 41 96 53 259 54
AT(AC) 2 4.23 96 06 232

AC-AT(AC') 4 6.21 749 411 730 900 954 66 557 562 946
Ac-AT(Ac) 6 9.84 6.2 172 357 179
AC,=AT(ACH?5  28.8 61 396

S otherse 23 31 25 07 110 109 173 06 05 21 01

@ Data A-1 for 1 equiv of AT; A, according to ref 23, additional equiv of AT, 1 equiv of Ac-Cl, 10 mL of THF, 20 °C, 20 h; B, according to ref 24, 1 equiv of s-collidine,
1 equiv of Ac-Cl, 1.5 mL of ACN, 6570 °C, 1.5 h; C, 1 equiv of Ac;0, 0.33 mL of HCON(CHs),, 20 °C, 0.5 min; C', postexperiment C residue after 1 month; C",
postexperiment C residue after 3 months; D, 1 equiv of Ac,0, 1 mL of (CH3),SO, 20 °C, 2 min; E, according to ref 27, 7.5 equiv of Ac0, reflux, 5 min; F, 53 equiv of Ac,0,
reflux, 2 h; G, 13 equiv of Ac;0, 20 °C, 20 h; G', 13 equiv of Ac;0, 20 °C, 7 days; H, 53 equiv of Ac,0, 20 °C, 6 days; I, 10 equiv of Ac,0, 2.0 mL of HCON(CHs),, 20
h; J, 1 equiv of AT(Ac) (1), 53 equiv of Acy0, 20 °C, 48 h; J', postexperiment J residue after 3 days; K, 1 equiv of Ac-AT (3), 53 equiv of Ac,0, 20 °C, 48 h. ® Composition
of crude postreaction mixtures by HPLC (idenitification of products by H NMR, FTIR, and MS). ¢ Retention time. 9 * denotes uncertain position of the ring Ac. & Unidentified.
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Figure 4. Frequencies in the Al region (cm~?) of acetylated C-amino-
[1,2,4]triazoles in KBr and Nujol (units have been omitted for clarity).

ring acetylation of 5-amino-1H-[1,2,4]triazole but has never been
observed previously (7). Given the latter compound, the ratio
of the annular isomers [AT(Ac} AT(Ac'); 1 + 2] to the
acetamido isomer, Ac-AT (3), was 73:1. AT(Ac3)(was also
detected, to an even larger extent, AT(At) (o AT(Ac") (2)
in an approximately 2.5:1 ratio, when 5-amino-HR2 4]triazole
reacted with 1 equiv of acetic anhydride in dimethyl sulfoxide
(Table 3, D). Analogous intermediates, although not yet
identified in the reactions with the usual acyl agents, were
recognized with alkoxycarbonyl chlorides, and the nature of
solvent had a substantial effect on the annular isomer ratio (
8, 29).

The annular isomer mixture of AT(Ac) and AT(Ad1 + 2)
(expt D) shows two'H NMR signal sets (Figure 3). The

Dzygiel et al.

alkoxycarbonyl isomers are at 1740 chior the 5-amino isomer
and at 1770 cm' for the 3-amino isomer (29).

The AT(Ac') isomer2 is not stable. The postexperiment C
solution after 20 h of standing displays only half its starting
amount of AT(Ac') @). This solution was evaporated and the
residue then stored at 2@ for 1 month. It showed a further
decrease in AT(A¢ (2) and increases in AT(Ac)lj and Ac-

AT (3) amounts Table 3, C). After an additional 2 months of
storage, the sample no longer contained AT{4A2) at all and
showed much more Ac-AT3| at the expense of AT(Ac)L].

The ratio of Ac-AT @) to AT(Ac) (1) increased to ap-
proximately 1:2.9Table 3, C") and remained almost unchanged
even after a further 6 months of storage. With the pure, solid-
state AT(Ac) isomed, about the same ratio was reached after
3 months. The crystallization of the postexperiment C mixture
from ethanol removed some unidentified compounds and some
fraction of Ac-AT (3) but did not cause any significant change
in the ratio of AT(Ac) @) to AT(AcC') (2), as they proved to be
similar in solubility. In the crystallized sample, the rearrange-
ment of AT(Ac") ) into AT(Ac) (1) is much slower than that

in the crude state; the amount of AT(A¢2) decreased from
11.1 to 9.0% after 1 month of storage. The crystallized sample,
when left standing in distilled water at neutral pH for 20 min,
did not hydrolyze but did in water at pH 2.0. About half of the
AT(Ac") (2) disappeared, whereas only 25% of the AT(AL) (
was hydrolyzed. Therefore, the intermediatef the 5-amino-
1H-[1,2,4]triazole annular monoacetylation was more susceptible
to hydrolysis than the final produdt

Ac-AT(Ac') (4) was prepared first of all in a one-pot
diacetylation of 5-aminoH-[1,2,4]triazole by boiling for 5 min
with neat acetic anhydride. No yields were giv&Y), HPLC

predominant signals, 7.540, 7.455, and 2.558 ppm, belong toand GC-MS analysis of a crude postreaction mixture, provided

the N—CH, NH, and CH protons of 1l-acetyl-5-aminoH-
[1,2,4]triazole [AT(Ac);1], respectively (725, 26, 29, 30). The

by this protocol, indicated 1-acetyl-3-(acetylamind)-[i1,2,4]-
triazole @) to be the major product and additionally a mono

other, a minor set at 8.798, 6.068, and 2.723 ppm, may be (M* 126) and a triacetyl derivative (M211). These byproducts

ascribed in sequence to thef€H, NH,, and CH protons of
1-acetyl-3-amino-#H-[1,2,4]triazole [AT(AC); 2]. As predicted,
the N—CH proton of the latter compound is characteristically
deshielded (2526) by the acetyl group and the Mhprotons
become, in turn, shielded by the lone electron pa#)( The

are 5-(acetylamino)H-[1,2,4]triazole 8) and 1l-acetylk-
(bisacetyl)amino-f#i-[1,2,4]triazole B), most likely 1-acetyl-3-
(bisacetyl)amino-#-[1,2,4]triazole Table 3, E). Longer heating

in a large excess of anhydride significantly increased the amount
of the latter Table 3, F). Hence, we tried to synthesize Ac-

above assignments closely resemble those for the couples ofAT(Ac') (4) at 20 °C. Under these conditions, 5-amiiéi-
the corresponding annular alkoxycarbonyl isomers resulting [1,2,4]triazole does not dissolve in neat acetic anhydride.

from the reaction of 5-aminoH-[1,2,4]triazole with alkyl
chlorocarbonates (29) (e.g., diagnostic values are 7.52 and
7.31 ppm for the 5-amino-1-ethoxycarbonyl isomer and 8.69
and 6.00 ppm for the 3-amino-1-ethoxycarbonyl isonzs).

The FTIR spectrum (KBr) of the mixture from expt C
provides corroborative evidence of the existence of AT(Ac
(2). It displays in the Al region a strong band at 1734ém
characteristic of the C=0 group of AT(Ac) (1) (1732 cin
23), and a weak band at 1753 chwhich may be ascribed to
the C=0O group of AT(Ac') 2) (Figure 4). In the Nujol mull
spectrum, both bands, positioned at 1739 and 1753%cm
respectively, are equal in intensity. When this Nujol mull sample

However, the reaction mixture contained 73% of the diacetyl
derivative Ac-AT(Ac') @) and no triacetyl derivative after 20
h (Table 3, G). Evaporation and crystallization yields 51% of
Ac-AT(Ac") (4). If the crude reaction mixture from expt G was
further stirred for up to 7 days, the amount of Ac-AT(A4)
grew to 90% Table 3, G). To get a better preparative result,
one could force the reaction yield t695% of Ac-AT(Ac') (4)
by using a 50-fold molar amount of acetic anhydride and leaving
the reacting suspension for 6 day&ble 3, H).

In an effort to perform the diacetylation in solution instead
of suspension in neat acetic anhydride, we tried dimethyl-
formamide, being encouraged by the instantaneous acetylation

was left standing for half an hour, the spectrum in the discussedof the ring nitrogen atom with 1 equiv of anhydride in this

region exhibits only the band at 1753 tinWhen we started
the measurements with pure AT(Ad)(in the Nujol mull, the
initial band at 1739 cm' also passed into the band at 1753
cm~1. Frequency 1753 cn compares well to the literature IR
data (in KBr) obtained for cognate molecules. The vibrational
frequencies 1757 and 1745 chare due to the carbonyl of
1l-acetyl-1H-[1,2,4]triazole itself (23) and the annular carbonyl
of 1-acetyl-3-(acetylamino)H-[1,2,4]triazole &) (23), respec-
tively. The C=0 group frequencies for a couple of annular

solvent (cf.Table 3, C). In a dimethylformamide solution, acetic
anhydride in 10-fold molar amount, after 20 h gave largely the
1-acetyl-5-amino derivativé, only a small amount of Ac-AT-
(Ac') (4), and, unexpectedly, similarly to the process of 1 equiv
acetylation in this medium, an atypical product of diacetylation,
Ac-AT(Ac) (6) (Table 3, I). Therefore, it seems then that
dimethylformamide does not favor acetic anhydride exoacet-
ylation of 5-amino-H-[1,2,4]triazole. This solvent has previ-
ously been marginally mentioned to be less appropriate com-
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pared to tetrahydrofuran for a global acylation of 5-amino-1H- HN—N ACO N—NAc' AcN—N
[1,2,4]triazole (4). To make apparent the atypical product of H N/<\ » . H N/4 /) - M N/<\ )
diacetylation, we started with AT(Ac) (1) and acylated it with ? N z N z N
acetic anhydride in a large excess, at°ZDfor a short time AT <2 AT(AC) 2 of AT(Ac) 1
(Table 3, J). As expected, we obtained a mixture with a large N NAC ACN—N

content of Ac-AT(Ac) 6). Comparison of the result of expt G / ) /& \

[73% of Ac-AT(AC) (4) after 20 h] with that of expt J [55% of ACNH™N 7 ACNH™

Ac-AT(Ac') (4) after 48 h] shows that direct exoacetylation of ACAT(AC) 4 ACAT(A

AT(Ac") (2) contributed to the results of the former experiment. ATl &6 AT &

The results of expt G and J are also in line with the result of l

expt K, in which we started with 5-(acetylaminop#q1,2,4]- HN—N

triazole (3). The substrate in neat acetic anhydride undergoes /4\ » -
acetylation to 1-acetyl-3-(acetylamino)-1H-[1,2 4]triazole (4), ANHT Sy

but the formation of 1-acetyl-5-(acetylamino)-[1,2,4]triazd@ ( Ac-AT 3

could not be observed in this reaction. Figure 5. Hypothetical pattern for the acetylation of 5-amino-1H-[1,2,4]-

The annular isomer mixture of diacetyl derivatives, that is, triazole with Ac,0 at room temperature.
Ac-AT(Ac') (4) and Ac-AT(Ac) @) (expt J), shows twdH
NMR signal setsKigure 3). The predominant set, 10.760, 9.108  the annular positions, as shownfigure 5, is an intermolecular
(25,26), 2.582, and 2.073 ppm, may be ascribed, respectively, or an intramolecular process.
to the CONH, N-CH, CH;,CO ring, and CHacetamido protons

of 1-acetyl-3-(acetylamino)H-[1,2,4]triazole [Ac-AT(AC); 4]. ABBREVIATIONS USED
The other, the minor set 10.421, 7.998, 2.621, and 2.073 ppm, ] o
may be assigned in sequence to the CONH,Q¥, CHCO HPLC, high-performance liquid chromatography; GC-MS,

ring, and CH acetamido protons of 1-acetyl-5-(acetylamino)- 9gas chromatography—mass spectrometty; NMR and *3C
1H-[1,2,4]triazole [Ac-AT(Ac);6]. In the latter set, the NCH NMR, proton and carbon magnetic resonance, respectively;
proton is characteristically shielded by the lone electron pair FTIR, Fourier transform infrared spectroscopy; AT, 5-amino-
(25, 26, 29). The presence of Ac-AT(Ac)] is confirmed by ~ 1H-[1,2,4]triazole; Ac, acetyl; AT(Ac), 1-acetyl-5-aminddi
FTIR spectroscopy. The FTIR spectrum of a mixture of Ac- [1,2,4]triazole; AT(AC), 1-acetyl-3-amino-#i-[1,2,4]triazole;
AT(Ac') (4) and Ac-AT(Ac) 6) in KBr displays in the Al region ~ AC-AT, 5-(acetylamino)-H-[1,2,4]triazole; Ac-AT(AC), 1-acetyl-
three C=0 bandsFjgure 4): (i) the band at 1745 cnd 3-(acetylamino)-H-[1,2 4]triazole; Ac-AT(Ac), l-acetyl-5-
characteristic of the annular acetyl group of the known Ac- (acetylamino)-H-[1,2,4]triazole; Ae=AT(Ac’), l-acetylx-
AT(Ac') (4) (1745 cmil, KBr; 23); (i) the band at 1687 cm (bisacetyl)amino-1H-[1,2,4]triazole; ACN, acetonitrile; THF,
characteristic of the acetamido=® group [1689 cm?, KBr; tetrahydrofuran.
for Ac-AT (8), 23]; and (iii) a band at 1718 cm. This last
one, which is red-shifted by 16 crhwith respect to the free ~ ACKNOWLEDGMENT
carbonyl group of AT(Ac) 1) (1734 cn1?), is ascribable to the ) .
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