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5-(MAPA30IJ1-1-UN)-TETPA3OJIA U3 5-AMUHOTETPASOIJIA
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PaccmompeHbl peakuyuu kKoHOeHcauuu 5-azudpas3uHomempasona ¢ [-0ukapboHUIbHbIMU COE€OUHEHUSIMU
(manoHosbIl duanbOeaud u ayemunayemoH). CuHme3uposaHo u onucaHo 12 Hoebix coeduHeHul. [ns no-
ny4deHusi  5-eudpa3uHomempa3sosia UCro/ib308aHa pPeakyusl OKUCIIEHUS KOMMepYecKu O0cmyrnHo20
5-amuHomempasona rnepmaHeaHamoM Kajusi 8 B00HO-WesIo4HOM pacmeope 00 rfeHmazudpama
5,5'-azomempa3soniama ¢ rocnedyrouum nposedeHuUeM peakyuu pasrioxXeHuUsl rnofy4eHHO020 COeOUHEHUS 8
Kucnol cpede 0o 5-zudpasuHomempasona. [NpednoxeH 0OHOpeakmopHbIl Memod nposedeHusi cmaduu
rosny4yeHuUsi npou3eodHbIX 5-(nupason-1-un)mempasonos u3 5-amuHomempa3sosna. CoanacHo npedroXeH-
HoMy memody rocrie nposedeHust peakyuu KoHOeHcayuu ¢ B-OukapbOHUbHbIM COEOQUHEHUEM peaKyUOHHas
macca obpabambiganack 3KBUMOIIEKYISPHbIM Kou4Yecmeom 6poma, yenesbie coeduHeHUs 8bIOeNANUCh U3
peakyuoHHoOU Mmaccbl 8 eude coomeemcmeyrwux MasopacmeopumMbsix 6 60de 4-6pomMrpou3800HbIX
5-(nupason-1-un)mempasona. Hanuyue amoma bpoma 8 rosy4yeHHbIX COeOUHEHUSIX CyUeCcmeeHHO obriee-
yaem rpouyecchl Ux ebldesieHus], rnepekpucmaniudayuu u npoeedeHus peakyul anKuiauposaHusi mempa-
30/1bHO20 Uyukna. [JebpomuposaHue ocyuwecmesssiock audpuposaHueMm 8000p000OM C UCMO/Ib308aHUEM
nannaduesoeo Kamasnuszamopa rpu yMepeHHbIx OaessneHusix. [ns nonyvYeHuss 4-HuUmpornpou3g8oOHbIX
5-(nupa3son-1-un)mempa3sona ucronb3oeaHo HumpoesaHue & cucmeme HNO3/H,SO, BoccmaHosneHuem
HUmMpoepynnsl 2udpuposaHuemM Had nannaduesbiM Kamasu3amopoM [10o7lyHeHbl Coomeemcmayuue
4-amuHornpouseodHble-5-(nupason-1-un)mempasona.
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ONE-POT SYNTHESIS OF 5-(4-PYRAZOLE-1-YL)TETRAZOLE
DERIVATIVES FROM 5-AMINOTETRAZOLE
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Condensation reactions of 5-hydrazinotetrazole with malonic dialdehyde and acetylacetone are considered.
12 new derivatives of 5-(pyrazole-1-yl)tetrazoles were synthesized and characterized. Commercially availa-
ble 5-aminotetrazole was oxidized by potassium permanganate in aqueous alkaline solution yielding
5,5'-azotetrazolate pentahydrate which was decomposed in acidic media to 5-hydrazinotetrazole. One-pot
procedure is suggested to prepare the 5-(pyrazole-1-yl)tetrazole derivatives from 5-aminotetrazole. Accord-
ing to introduced method after carrying out condensation with S-carbonyl compounds reaction mixture was
treated by an equivalent amount of bromine. Target products were separated from the reaction mixture as
corresponding 4-bromoderivatives of 5-(pyrazole-1-yl)tetrazoles. The presence of a bromine atom in struc-
ture of synthesized compounds greatly facilitates processes of their isolation, purification and further alkyla-
tion of tetrazole ring. Debromination was realized by hydrogenation over palladium catalyst by hydrogen at
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moderate pressure. For synthesis of 4-nitroderivatives of 5-(pyrazole-1-yl)tetrazoles nitration in system
HNOs/H,SO, was used. 5-(4-amino-3,5-dimethylpyrazole-1-yl)tetrazole was prepared by the reduction of

5-(4-nitro-3,5-dimethylpyrazole-1-yl)tetrazole.
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(in English).

INTRODUCTION

For the first time chemical compounds with
terazole ring were synthesized in 1885 [1]. At the
present time interest in tetrazole chemistry is called
forth due to the possibility of widespread usage of
these compounds as corrosion inhibitors, plant pro-
tection products, analytical reagents, materials for
photochemistry [2], or as components of gas gen-
erating compositions and as energetic materials [3, 4].

Nevertheless analysis of the current chemical
literature shows certain lack of attention for the
studying of the chemical properties of 5-hyd-
razinotetrazole (1), WhICh is largely restricted by the
works of the close of 19" century. Thus, in papers
by Thiele there were described hydrazones for-
mation reactions of compound 1 with benzaldehyde
[5], acetophenone and acetone [6], acetoacetic
ester [5], preparation of 1-(tetrazol-5-yl)semicar-
bazide, triacetyl derivative of 5-hydrazinotetrazole
[6], 5-azidotetrazole [6] (see also ref. [7]). In latter
works, the condensation of hydrazinotetrazole 1
with formaldehyde [8], some carbonyl compounds
[9-14] as well as the reaction with dicyandiamide
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(DCADA) [15] were discussed (Fig.1).

Now 5-hydrazinotetrazole (1) is considered
mainly as a constituent of energy rich high enthalpy
compounds, for example, as a cationic constituent
in a number nitrogen rich energetic salts [16], as a
ligand in complex salts for priming explosives with
heavy metals [17-19].

Condensation reactions of 5-aminotetrazole
with B-dialdehydes and B-diketones result in pyra-
zole ring formation have not previously been con-
sidered. The aim of present work is to develop on
the basis of chemistry of 5-aminotetrazole accessi-
ble methods for the synthesis of derivatives of
5-(pyrazol-1-yl)tetrazole.

RESULTS AND DISCUSSION

For the synthesis of 5-(pyrazol-1-yl)tetrazoles
we used condensation reaction of 5-hydrazino-
tetrazole 1 with B-dicarbonyl compounds: acety-
lacetone and malonic dialdehyde (Scheme 2). Due
to a low stability of malonic dialdehyde we used in
the condensation reaction its diacetal — 1,1,3,3-
tetramethoxypropane (Scheme 2).

NAc N O
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CNO/ 4
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N—N
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Fig. 1. Compounds derived from 5-hydrazinotetrazole (1)

XUMUYECKUE HAYKU




OdHopeakmopHbIli Memod cuHmes3a NnPou3800HbIX...

\Y i
\\ —_—

EtOH,H*

1

R
s N
N\
\\Y
N—N
H 8,09

Fig. 2. Reaction of 5-hydrazinotetrazole (1) with B-dicarbonyl compounds
(8, i (MeO),CH,(OMe),; 9, ii MeCOCH,COMe)

It should be noted, that in praesenti the only
acceptable synthetic route for 5-hydrazinotetrazole
is based on Thiele method [20] from 5-amino-
tetrazole (10) (Fig. 3). Due to high water solubility,
the procedure for isolation of target product 1 from

reaction mass is quite laborious and includes distil-
lation of water from the reaction mixture in vacuo
followed by separation of the target product by ex-
traction of solid residual with hot methanol.

Since the main byproducts in the synthesis of

NH, KMnO, _N N— N
N N N HCI NS ~NH
\\ Y I \>7N:N4</ I N Y "NHT cr
NaOH N\N N/N HZO N—N 3
Na “5H,0 Na H 412N, + HCOOH

10

11 1

Fig. 3. Preparation of 5-hydrazinotetrazole (1)

5-hydrazinotetrazole (1) includes only inorganic
salts and formic acid we considered the possibility
of involving compound 1 in synthesis without its
isolation from reaction mixture. As a result of our
studies it was found that pyrazoles 8, 9 could be
obtained with good preparative yields directly from
5-aminotetrazole and corresponding S-dicarbonyl
compounds bypassing the steps of 5-
hydrazinotetrazole (1) isolation and purification.
The stages of 5-aminotetrazole oxidation, hydroly-
sis of intermediate azobistetrazole 11 and the cou-

pling reaction were carried out by one-pot synthe-
sis. However, rather high water solubility of thus
prepared pyrazoles 8, 9 sets up certain difficulties
in their separation from reaction mixture. In this
case, addition of one mole of bromine to the reac-
tion mixture allows isolating the corresponding py-
razoles in a form of sparingly soluble in water 4-
bromoderivatives 12, 13 with near quantitative
yields (Fig. 4). In the sequel pyrazoles 8, 9 may be
recovered from 4-bromoderivatives 12, 13 by cata-
lytic hydrogenation by hydrogen in an alcohol (Fig. 5).
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R Br

N N\ Br,/H,O —
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\\ N R _ N AN N

N—N 51000 N© TN R
H 8,9 N—N
H 12, 13

Fig. 4. Bromination of 5-(pyrazole-1-yl)tetrazoles 8,9 (8, 12 R =H; 9, 13 R = Me)
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Fig. 5. Hydrogenation of 5-(4-bromopyrazole-1-yl)tetrazoles 12,13 (8, 12 R =H; 9, 13 R = Me)
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Fig. 6. Nitration of 5-(pyrazole-1-yl)tetrazoles 8,9 (8, 14 R =H; 9, 15, 16 R = Me)

Compounds 8, 9 readily undergo electrophilic
nitration reactions at position C-4 of the pyrazole
ring. Reduction of nitro group in compound 15 was
used in the synthesis of 5-(4-amino-3,5-
dimethylpyrazole-1-yl)tetrazole 16. According NMR
data compound 16 forms internal salt (Fig. 6). We
did not succeed isolation from reaction mixture hy-
drogenation product of compound 14 because of its
rapid oxidation by atmospheric oxygen.

It is well known that alkylation of tetrazoles
passes through N-1 and N-2 atoms of tetrazole ring
[21]. Alkylation of compounds 8, 9 proved certain
difficulties in the separation of alkylated isomeric
compounds by crystallization. Contrariwise, the
alkylation of bromoderivative 13 by chloroacetam-
ide, ethylene chlorohydrin proceeds relatively se-
lectively on N-2 atom of tetrazole ring (Fig. 7). The
content of isomeric alkylation byproducts according
to '"H NMR spectroscopy data was 3-5%. Protons
signals of N1-CH2 group of the second regioisomer

are shifted in a strong field at 0.15-0.20 ppm.

Hydrogenation of compound 17 results in re-
placement of bromine atom by hydrogen one. It
should be noted that the presence in its structure
bromine atom greatly facilitates the process of iso-
lation from reaction mixture and carrying out further
purification by recrystallisation due to decreasing
the solubility of parent compound 17 in common
organic solvents, and this way is probably more
convenient method for the synthesis of N-alkylated
derivatives of tetrazolylpyrazoles 8, 9 in compari-
son with their direct alkylation. Similarly, the sepa-
ration of initial pyrazoles 8, 9 through the steps of
bromination and subsequent hydrogenation of
bromoderivatives 12, 13 increases the yield by 10—
15% in comparison of their direct isolation from the
reaction mixture after condensation of 5-
hydrazinotetrazole with dicarbonyl compounds.

Spectral data of the obtained compounds are
presented in Table.

Me
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CICH,CH,0H N ) A
13 — N Me N Me
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N—N N—N_
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Fig. 7. Alkylation of 5-(4-bromo-3,5-dimethylpyrazole-1-yl)tetrazole 13
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NMR and MS spectral data of 5-hydrazinotetrazole derivatives

5 NMR-"°C, 5, ppm,
5 pyrazole R, R N2-R' 1
8 2| tetrazole ring (pyra- (te- NMR-H, o, MS, m/z (lrei, %)
g ring (C3, C4, zole trazole ppm.
O C5) ring) ring)
1 158.8 - - - 8.29 -
8.53 (1H, d, J2.51
144.4; Hz, C5H); 8.00 | 108 (3) [M—N]"; 79 (15); 54 (11); 53 (100); 52
8 155.2 110.0; - - (1H,d, J2.51 Hz, | (99); 51 (52); 41(45); 40 (40); 39 (74); 38 (85);
131.0 C3H); 6.70 (1H, 37 (29); 28 (100) [N]"
m, C4H)
6.24 (1H, s, 165 (0.6) [M + 1]%; 164 (7) [M]"; 136(1)
152.7; 13.62: C4H); [M = Na]'; 95 (52.4) [3,5-diMe-pyrazole]’;
9 153.8 110.0; 1200 - 2.56 (3H, s, 93 (12); 67(16); 66(53); 65 (20); 52 (15);
142.9 : C5CHa); 2.24(3H, | 51 (13); 42 (44); 41 (49); 40 (44); 39 (100); 38
s, C3CHa) (21); 29 (37)
216 (9) IMEBN]; 214 (9) IM("BN)]; 188 (5)
144 5; 8.82 (1H, s, IM('Br) — Na]"; 186 (4) [M("°Br) — Na]";
12 155.9 97.35; - - C5H); 106 (25); 104 (24); 81 (12); 79 (28); 53 (30); 52
131.1 8.14 (1H, s, C3H) | (70); 51 (90); 41 (35); 39 (30); 38 (100); 37 (25);
28 (73) [No]"
150.9: 2.55 (3H, s, 175 (5) [4-Br-3,5-Me,-pyrazole]”; 135 (10); 95
13 1545 90.01. 12.60; B C5CHg); (18); 67 (13); 66 (20); 65 (54); 64 (24); 63 (19);
' 140.6 12.25 2.24 (3H, s, 52 (16); 51 (14); 42 (36); 41 (42); 40 (27); 39
' C3CHa) (100); 38 (26); 29 (76); 28 (17) [N3]
13.2-12.2,12.1-
10.7 (0.3H +
139.1; 0.7H, br.s, NH); 182 (5) [M + 1]"; 181 (42) [M]"; 153 (100)
14 157.3 137.9; - - 9.56,9.55 (0.7 + | [M—Ng"; 79 (10); 52 (14); 51 (10); 30 (22); 29
131.0 0.3H, s, C5H); (31)
8.72,8.71 (0.7H +
0.3H, s., C3H)
1252'2'?\10H()1,H' 209 (2) [M]"; 192(3); 181(3) [M — NJ'; 67 (15);
148.5; 14.25: 285 '(3H . 66 (18); 65 (57); 64 (16); 63 (18); 53 (19); 52
15 155.9 133.2; 1286 - P ) : (22); 51 (15); 46(29) [NO2]"; 43 (21); 42 (69); 41
144.4 : 952 3 (52); 40 (31); 39 (100); 38 (23); 30 (96); 28 (20)
. (3H, S, N ]+
C3CHs) (N2
wnd 83055 5)3“* S| 180 (1.3) M+ 1J'; 179(14) [M['; 111 (13); 110
16 1553 127'31 _ 11.43; 2 41(§H’ s (24) [4-NH2-3,5-Me,-pyrazole]’; 109 (26); 70
' 1947 10.47 CéCHg); 518 (20); 54 (27); 53 (19); 43 (24);
(3H, s, C3CHy) 42 (100); 41 (28); 29 (21); 28 (51) [N2]
7.88,7.59 (2H, s, 302 (3) [M(*'Br)+1]"; 301 (23) [MC'BI);
166.1 NH,); 300 (3) [M("Br)+1]"; 299 (20) [M(*'Br";
150.1; 11.62- (c:é)- 5.50 (2H, s, CHy); 229 (11); 227 (13); 201 (19); 199 (18);
17 160.8 98.24; 1107 | 5572 2.48 (3H, s, 176 (35) [4- Br-3,5-Me;-pyrazole)]';
140.3 ' (CH ) C5CHy); 174 (35) [4-"Br-3,5-Me;-pyrazole)]’;
2 2.24 (3H, s, 65 (20); 44 (100) [HNCOJ™; 42 (33) [CH.COJ";
C3CHa) 39 (31); 30 (40)
476 (2H,1,J5.27 | 289 (3) MEBr) + 1]%; 288 (26)JM(SlBr)]+; 287
59.39 Hz, CHy); 3.96 (3) [M("Br) + 1]"; 286 (25) [M("°Br)]"; 229 (22);
149.9; 12.50: (cH ) (2H, d, J5.14 Hz, 227 (20); 201 (34); 199 (30);
18 160.8 98.11; 1193 | 57 51' CHy,); 2.48 (3H, s, 176 (85); 174 (87); 148 (20); 120 (19);
140.2 : (ci-| ) C5CHa); 80 (20); 67 (39); 66 (20); 65 (24); 45 (60);
2 2.23 (3H, s, 43 (32); 42 (41); 39 (70);
C3CHa) 31 (100) [CH,OH]'; 29 (53); 27 (67)
| 303 (2) IM(*'Br) + 1]%; 302 (27) [M(*'Br)]"; 301
1502 1675 | >3 4(129H('3ii iHZ)' 3) [M()gBr) +1]'300 (27) [M(%Br)r; 201 (22);
19 160.9 08 3'5f 12.62; | (COOH); IC5CH35' ! 199 (23); 1736 77) [4- Br-3,5-Me2;pyrazoIe] ;
' 1403 11.97 | 5471 224(3H. s 174 (83) [4-"Br-3,5-diMe-pyrazole]; 95 (17); 79
' (CHy) ' C3CH3') : (16); 67 (57); 65 (22); 64 (21); 59 (28); 45 (65);

43 (20); 42 (44);
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40 (22); 39 (71); 38 (20); 31 (100) [CH2OH["; 29
(20); 28 (29); 27 (30)
6.21 (1H, s,
167.6 C4H); 223 (3) [M + 1]; 222 (23) [M]"; 149 (20);
151.6; 13.68: (codH)- 5.74 (2H, s, CHy); 122 (28); 96 (100); 95 (33)
20 161.3 109.2; 1957 | 5asg 2.46 (3H, s, [3,5-Me,-pyrazole]’; 81 (18); 67 (50);
142.3 : (CHh) C5CHa); 66 (20); 45 (37); 42 (46); 40 (18); 39 (54);
2 2.21 (3H, s, 31 (54); 28 (31)
C3CHa)
148.4 1674 | > é%H@i' CH) 268(1) M + 1]°; 267(7) [M[; 141 (29);
21 160.7 1931 14.23; | (COOHY; C5CH 5, : 124 (61); 80 (39); 67 (35); 45 (33); 44 (24); 43
' 144.4 12.71 | 55.97 ey (3r3| 'S (100) [CHsCOY'; 42 (45);
' (CHy) ' C3CH3,) ’ 39 (25); 31 (46); 30 (45) [NOJ"; 28 (31)

CONCLUSIONS

Thus, we have shown that the condensation of
5-hydrazinotetrazole with malonic dialdehyde and
acetylacetone and affords the corresponding deriv-
atives of 5-(pyrazol-1-yl)tetrazole. The readiness of
pyrazole ring bromination, and further separation of
thus obtained bromoderivatives allows to map out
one-pot synthesis strategy of 5-(4-bromopyrazole-
1-yl) tetrazoles from commercially available 5-
aminotetrazole. The hydrogenation by hydrogen at
5-10 atm in the presence of a palladium catalyst
was used for debromination.

EXPERIMENTAL

1. Materials and Methods

All the reagents and chemicals were procured
from commercial sources (Acros Organics, Bel-
gium; Alfa Aesar, Germany; Sigma-Aldrich, USA)
and used without any further purification. 5-
Hydrazinotetrazole 1 was prepared from 5-amino-
tetrazole according to [20]. The IR spectra were
recorded in pellets with KBr on FSM-1201 Fourier
spectrometer. The 'H and **C NMR spectra were
recorded in DMSO-dg on a Bruker DRX-400 spec-
trometer (400 and 100 MHz, respectively). The *H
and **C chemical shifts were determined with ref-
erence to the solvent signal (6 2.51 and 39.96 ppm,
respectively). The mass spectra were recorded on
a Finnigan MAT INCOS 50 spectrometer (El,
70 eV). Elemental analysis was performed on a
Perkin-Elmer 2400 elemental analyzer. The melting
points were determined on a Kofler hot bench.

2. Synthesis of tetrazole derivatives

5-(Pyrazole-1-yl)tetrazole (8) and 5-(3,5-
dimethylpyrazole-1-yl)tetrazole (9)

a) Preparation from solid 5-hydrazinotetrazole
hydrochloride. To 50 ml of acetic acid sequentially
with stirring were added 12.5g (0.1 mol) of 5-
hydrazinotetrazole hydrochloride, 22.0 g (0.1 mol)
of 1,1,3,3-tetraethoxypropane (for pyrazole 8) or
12.5 g (0.1 mol) of acetylacetone (for pyrazole 9);
the resulting mixture was heated to 90 °C and
stirred at this temperature for 1 h. The solvent was
distilled off in vacuo and 25 ml of hot water were
added to the residue, the mixture was cooled to

14
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room temperature, the precipitate was filtered off
and recrystallized from methanol.

Pyrazole 8. Yield 8.4 r (68%), m.p. 172-173 °C
(MeOH). IR spectrum, v, cm™: 3438; 3328; 3154;
3135; 2933; 2791; 1621; 1401; 1289; 1209; 1099;
1066; 1010; 941; 795; 725; 690; 595; 568; 498.
Calculated, %: C 35.30, H 2.96, N 61.74. C4H4Ne.
Found, %: C 35.11, H 3.08, N 61.89.

Pyrazole 9. Yield 13.1 r (80%), m.p. 164-165
°C (MeOH). IR spectrum, v, cm™: 2923; 1624;
1573; 1444; 1402; 1302; 1264; 1185; 1135; 1097;
1001; 796; 755; 726; 569; 535; 442. Calculated, %:
C 43.90, H 4.91, N 51.19. CgHgNs. Found, %: C
43.63, H 4.76, N 51.38.

b) Hydrogenation of bromopyrazoles 12 and 13

In a 100 cm® autoclave 70 ml of ethanol, 10 g
(0.046 mol) of (4-bromopyrazole-1-yl)tetrazole (12)
or 10 g (0.041 mol) (4-bromo-3,5-dimethylpyrazole-
1-yltetrazole (13) and 0.1 g of 10%-Pd/C catalyst
were filled. The reaction mass was hydrogenated
at 50-60 °C at a pressure of 5-10 atm until the end
of hydrogen absorption (3-4 h). The reaction mass
was filtered hot, neutralized by adding crumbled
NaHCO; to pH 5 and filtered from inorganic salts.
The solvent was distilled off in vacuo and the resi-
due was recrystallized from methanol. Yield 5.9 g
(95%) of pyrazole 8 and 6.5 g (97%) of pyrazole 9.

5-(4-Bromopyrazole-1-yltetrazole (12) and
the 5-(4-bromo-3,5-dimethylpyrazole-1-yl)tet-
razole (13)

a) Preparation by bromination of compounds 8
and 9. To 10 ml of AcOH 2.0 g (0.016 mol) of pyra-
zole 8 or 2.6 g (0.016 g) pyrazole 9 were added. To
thus obtained solutions at temperature 10-15 °C a
solution of 2.6 g (0.016 mol) Br, in 5 ml of AcOH
was added dropwise. Then the mixture was diluted
with 30 ml of cold water, neutralized to pH 5 by
adding a crystalline sodium acetate; the precipitate
was separated by filtration and recrystallized from
methanol.

Bromopyrazole 12. Yield 3.1 g (90%), m.p.
172-173 °C (MeOH). IR spectrum, v, cm™ 3138;
3108; 2923; 2854; 1585; 1489; 1386; 1200; 1170;
1137; 1037; 1010; 960; 895; 818; 743; 599; 523;
419. Calculated, %: C 22.34, H 1.41, N 39.09.
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C4HsBrNg. Found, %: C 22.55, H 1.68, N 38.85.

Bromopyrazol 13. Yield 91% m.p. 216-217 °C
(i-PrOH). IR spectrum, v, cm™ 3151; 2923; 1572;
1454; 1316; 1225; 1171; 1136 1102; 1065; 1035
1019; 855; 779; 746; 572; 481. Calculated, %:
29.65, H 2.90, N 34.58. C¢H;BrNs. Found, %.
29.92, H 3.01, N 34.04.

b) One-pot synthesis from 5,5'-azobistetrazole
(11). To 200 ml (0.66 mol) of vigorously stirred
3.3N hydrochloric acid aqueous solution 50 g
(0.167 mol) disodium salt of 5,5'-azobistetrazole
pentahydrate [20] (11) were added by 2-3 g por-
tions maintaining the temperature in the reaction
mixture below 50 °C. The resulting solution was
heated to 80 °C, kept at this temperature for 30
minutes and cooled to 30 °C. At this temperature
10.5 g (0.064 mol) of 1,1,3,3-tetramethoxypropane
(for compound 12) or 6.5 g (0.065 mol) pentane-
2,4-dione (for compound 13) were added dropwise.
Then the mixture was slowly heated to 90-100 °C,
maintained at this temperature for 30 min and
cooled to 10-15 °C. At this temperature 12 g of Br,
(0.075 mol) were added dropwise. The mixture was
allowed to stand at room temperature overnight,
cooled to 10 °C, the precipitate was filtered off and
washed by 100 ml of cold water. Yield of bromopy-
razole 12 11.5 g (64%) and of bromoprazole 13
12.4 g (61%).

c) One pot synthesis from 5-aminotetrazole
(20). In 500 ml of 3.0N water solution of KOH (1.5
mol) 51.5 g (0.5 mol) of 5-aminotetrazole (10) were
dissolved. The solution was heated to 90-95 °C and
at 95-100 °C 79 g (0.5 mol) of KMnO, were added
in portions by 5-6 g. An excess of permanganate
was removed by adding of 2-3 g of oxalic acid. The
reaction mass was filtered hot from precipitated
MnO,. The residue was washed by 2x100 ml of hot
water, cooled to room temperature and added
dropwise to 11 of 8N solution of hydrochloric acid
(8 mol) maintaining the temperature of reaction
mixture below 50 °C. The resulting solution was
heated to 80 °C, kept at this temperature for 30
minutes and cooled to 30 °C. Thus obtained solu-
tion of 5-hydrazinotetrazole was divided into two
equal portions. The first portion was subsequently
treated by 14.8 g (0.09 mol) of 1,1,3,3-tetra-
methoxypropane and then by 14.4 g (0.09 mol) of
bromine as described above. Analogously the sec-
ond part of the solution was treated by 9 g (0.09
mol) of pentane-2,4-dione and then by 14.4 g (0.09
mol) of bromine. The precipitates were filtered off
and washed by 100 ml of cold water and recrystal-
lized from propanol-2. Yield of bromopyrazole 12
16.1 g (60%) and of bromopyrazole 13 17.9 ¢
(59%).

5-(4-Nitropyrazole-1-yl)tetrazole (14)

In 5 ml of HNO; (d1.5) 1.35 g (0.01 mol) of py-
razole 8 were dissolved by cooling to the tempera-
ture below 5 °C. To the obtained solution 5 ml of
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H,SO, (d1.86) were added dropwise by an external
cooling to 5-10 °C. Reaction mixture was kept at
room temperature for 8 h and poured into 20 g of
crushed ice. The precipitate was filtered off and
recrystallized from methanol. Yield 1.4 g (79%)
m.p. 184-185°C (MeOH). IR spectrum, v, cm™
2920; 2852; 1626; 1510; 1426; 1408; 1346; 1295
1236; 1075; 1033; 948; 857; 818; 754; 502; 481;
420. Calculated, %: C 26.53, H 1.67, N 54.14.
C4H3N;O,. Found, %: C 26.91, H 1.82, N 54.68.

5-(2,5-Dimethyl-4-nitropyrazole-1-yl)tetra-
zole (15)

Nitropyrazole 15 was prepared similar to com-
pound 14 by nitration of 1.6 g (0.01 mol) of pyra-
zole 8. Yield 1.7 g (82%) m.p. 196-197 °C (MeOH).
IR spectrum, v, cm™ 3081; 2920; 2853; 1577;
1504; 1469; 1411, 1378 1359; 1313; 1227; 1164,
1029; 844; 789; 763; 745; 446. Calculated, %
C 34.45., H 3.37, N 46.88. CsH;N;O,. Found, %:
C 34.19, H 3.51, N 46.53.

5-(4-Amino-3,5-dimethylpyrazole-1-yl)tetra-
zole (16)

In a 100 cm® autoclave 70 ml of ethanol, 10 g
(0.48 mol) of 5-(3,5-dimethyl-4-nitropyrazole-1-
yltetrazole (15) and 0.1 g of 10% -Pd/C catalyst
were filled. The reaction mass was hydrogenated
at 50-60 °C at a pressure of 5-10 atm until the end
of hydrogen absorption (3-4 h). The reaction mass
was cooled to room temperature, filtered and the
precipitate was extracted with 30 ml of hot (90-
100 °C) DMF. The mother liquor was poured into
100 ml of cold water; the precipitate was separated
by filtration and recrystallized from DMF/i-PrOH (1 :
1 V/IV). Yield 7.9 g (92%), m.p. 284-286 °C (dec.)
(DMF/i-PrOH). IR spectrum, v, cm™ 3076; 2920;
2852; 2744; 2585; 1645; 1611; 1585; 1550 1504;
1401; 1238 1201; 1146; 1111; 1086; 1041; 1029;
798; 719; 668; 571; 465; 408. Calculated, %: C
40.22, H 5.06, N 54.72. CgHgN;. Found, %: C
39.97,H5.19, N 54.46.

2-(5-(4-Bromo-3,5-dimethylpyrazole-1-yl)-2-
tetrazol-2-yl)acetamide (17)

To 30 ml of DMF 5.8 g (0.02 mol) bromopyra-
zole 13, 2.1 g (0.022 mol) of chloroacetamide and
4.1g (0.03 mole) of anhydrous finely grinded
K,CO; were added. The mixture was stirred at
60 °C for 8 h, poured into 100 ml of cold water; the
precipitate was separated by filtration and recrystal-
lized from AcOH. Yield 4.7 g (79%) m.p. 252-
253 °C (AcOH). IR spectrum, v, cm™ 3351; 3175;
3006; 2957; 2922; 2852; 1707; 1570; 1455; 1408;
1377; 1323; 1303; 1203; 1157; 1073; 1045; 1020;
824; 782; 743; 643; 626; 542; 480; 413. Calculated,
%: C 32.02, H 3.36, N 32.67. CgH1oBrN;O. Found,
%: C 32.41, H 3.42, N 32.38.

2-(5-(4-Bromo-3,5-dimethylpyrazole-1-yl)-2-
tetrazol-2-yl)ethanol (18)

To 20 ml of DMF 3.0 g (0.012 mol) bromopy-
razole 13, 2.0 g, (0.025 mol) ethylenechlorohydrine

15




- =

OdHopeakmopHbIli Memod cuHmes3a NnPou3800HbIX...

and 2.8 g (0.02 mole) of anhydrous finely grinded
K,CO; were added. The mixture was stirred at 50-
60 °C for 10 h. After cooling to a room temperature
the solvent was distilled off in vacuo. The dry resi-
due was extracted 2x20 ml of boiling ethanol and
the filtrate was poured into 50 ml of cold water, the
precipitate was separated by filtration and recrystal-
lized from methanol. Yield 21 g (62%), m.p. 98-
99 °C. IR spectrum, v, cm™ 2920; 1632; 1576;
1450; 1413; 1319; 1080; 1051; 1019; 781; 739;
570; 512; 469; 442; 416; 405. Calculated, %:
C 33.47, H 3.86, N 29.27. CgH;BrN¢O. Found, %:
C 33.83, H 4.01, N 29.02.

2-(5-(4-Bromo-3,5-dimethylpyrazole-1-yl)-2-
tetrazol-2-yl)acetic acid (19)

To 50 ml of 1% water solution of NaOH 2.9 g
(0.01 mol) of acetamide 17 were added. Reaction
mass was stirred at 90-95 °C for 5 h. Then the so-
lution was acidified to pH1 by conc. HCI and
cooled to 5-10 °C. The precipitate was separated
by filtration and recrystallized from AcOH-H,O (1 :
1 VNV). Yield 25 g (86%), m.p. 186-187 °C
(ACOH/H,0). IR spectrum, v, cm™ 2920; 1576;
1450; 1413; 1319; 1171; 1151; 1079; 1051; 1019;
960; 865; 781; 740; 586; 570; 513; 467. Calculated,
%: C 31.91, H 3.01, N 27.91. CgHyBrNgO,. Found,
%: C 31.69, H 3.42, N 27.72.

(5-(3,5-Dimethylpyrazol-1-yl)-2-tetrazol-2-
yhacetic acid (20)

In a 50 cm® autoclave 30 ml of ethanol, 2.2 g

(7.6 mmol) of bromoderivative 19 and 0.05 g of
10% Pd/C were filled The reaction mass was hy-
drogenated at 50-60 °C at a pressure of 5-10 atm
until the end of hydrogen absorption (3-4 h). The
reaction mixture was cooled to room temperature,
alkalized by addition of 6 ml of 10% NaOH water
solution and filtered from catalyst. The solvent was
removed in vacuo. The residue was dissolved in
10 ml of water and acidified with conc. HCI to pHL1.
The precipitate was separated by filtration and re-
crystallized from water. Yield 1.4 g (88%), m.p.
182-183 °C (H;0). IR spectrum, v, cm™ 3018; 2921;
2852; 1737; 1573; 1410; 1320; 1224; 1052; 828; 623;
569. Calculated, %: C 43.24, H 454, N 37.82.
CgH10N6O,. Found, %: C 43.55, H 4.83, N 37.59.

2-(5-(3,5-Dimethyl-4-nitropyrazole-1-yl)-2-
tetrazol-2-yl)acetic acid (21)

In 5 ml of HNO3 (d1.5) 2.22 g (0.01 mol) of py-
razole 20 were dissolved at temperature below
5 °C. To obtained solution by external cooling to 5—
10 °C 5 ml of H,SO, (d1.86) were added. Reaction
mixture was kept at room temperature 8 h and
poured into 20 g of crushed ice. The precipitate
was filtered of and recrystallized from methanol.
Yield 2.3 g (85%), m.p. 184-185 °C (MeOH). IR
spectrum, v, cm™: 3536; 3508; 3464; 3442; 3415;
3401; 1737; 1725; 1568; 1504; 1417; 1383; 1361,
1232; 1189; 825; 797; 663; 416. Calculated, %:
C 35.96, H 3.39, N 36.69. CgHgN;O,. Found, %:
C 36.12, H 3.48, N 36.33.
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