SYNTHESIS OF TETRAHYDRODIBENZODIPYRAZOLO-[1,2,5,8,9,12]~
AND -[1,2,5,6,9,12]-HEXAAZACYCLOTETRADECINE DERIVATIVES
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The reaction of nickel (II) nitrate with 4-(2~bromo~4-methyl-l-phenylazo)-3-
amino-5-methyl-2-alkylpyrazoles by refluxing in dimethylformamide in the presence

of K;C0s followed by purification with a column filled with Al,0; gave [1,10,11,20-
tetrahydro-1,11-dipropyl-3,8,13,18-tetramethyldibenzolc,j]dipyrazolo[3,4-£:3",4"-m]-
[1,2,5,8,9,12]hexaazacyclotetradecinato(2-)-4,10,14,20Inickel and [1,14,15,20-
tetrahydro-1,l4-dipropyl-3,7,12,17-tetramethyldibenzo[c,jldipyrazolo[4,3-g:3',4"'-m]-
[1,2,5,6,9,12]hexaazacyclotetradecinato(2-)-5,10,15,20]nickel, whichwere character-
ized by the results of elementary analysis and the IR, UV, PMR, and mass spectra.

1,10,11,20-Tetrahydrodibenzolc,j)dipyrazolo[3,4-f:3',4"-m][1,2,5,8,9,12] hexaazacyclo-
tetradecine derivatives (I) were recently obtained [1-5] and little study has been devoted
to them. 1In the present research, in addition to derivatives Ia-d, we synthesized and in-
vestigated 1,14,15,20-tetrahydrodibenzo(c,j]ldipyrazolo[4,3-g:3',4'-m][1,2,5,6,9,12]hexa-
azacyclotetradecine derivatives ITa-b with azo groups in the ortho positions. The synthesis
of the hexaazacyclotetradecines I and II was accomplished via the scheme
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Fig. 1. PMR spectra: a)
IIT (0.4 M in CCl,); b) Vd;
e¢) Ib; d) IIb.

Compounds Va-g were obtained by diazotization of III and coupling at pH 3-4 with pyra-
zoles IVa-g. A signal of an NH, group is observed in the PMR spectra of azo compounds Va-g
at 6.14-6.59 ppm (Table 4). Bands of symmetrical and asymmetrical stretching vibrations
of an NH, group are noted in the IR spectra at 3370-3475 cm ‘. According to these data,
Va-g are o-aminoazo compounds, in contrast to the pyrazolone azo analogs, which exist in
the hydrazone form [11]. The cyclization of o-amino-o~bromo azo compounds Va-g was carried
out in dimethylformamide (DMF) in the presence of nickel(II) nitrate and potassium carbo-
nate. Two isomers (Ib-IIb, Ic-IIc, and Id*) were isolated in 15 to 20% yields in the prepa-
ration of macrocyclic compounds from Vb~d. The IR spectra of I and II do not contain char-
acteristic bands in the region of the vibrations of NH bonds.

We selected l~amino-2-bromo-4-methylbenzene (III) as the amine for diazotization in
order to facilitate the use of PMR spectroscopy to establish the structure of synthesized
T and II. As a result, the PMR spectra of the aromatic protons in all of the intermediate
and final products were of the ABX type (with Jax and Jgx < 2 Hz), which is convenient for
interpretation (Fig. 1). In particular, this made it possible to detect the isomerism of
the macrocyclic compounds.

The PMR spectra of Ia, b and IIa, b contain (in a ratio of 12:12) signals of aromatic
protons and methyl groups, as well as protons of the corresponding alkyl substituents at-
tached to the nitrogen atom. Compounds Ia~d have a second-order axis of symmetry; this
leads to equivalence of the two groups of pyrazole and phenyl protons. The absence of
symmetry in Ila, b makes them nonequivalent.

3,4-Diaminotoluene (VI) (with constants in agreement with the literature values f121)
was isolated in the reduction of Ib with sodium hydrosulfite. 2,5(or 6)-Dimethylbenzimida-
zole (VII), the melting point of which is in agreement with the data in [13], was obtained
from it by heating with glacial acetic acid. This constitutes evidence that the two azo
groups are in the ortho position in the benzene ring.

The formation of isomeric IIa, b seemed unexpected. If the normal trend of template
cyclization assumes double nucleophilic attack by the o-amino group on the carbon atoms
bonded to halogen, the imino-hydrazone and azo forms react during the formation of isomers
ITa, b to give diarylhydrazone VIII. Template cyclization via the following scheme takes
place after intramolecular migration, via a cyclic mechanism, of the o-bromo-p-tolyl residue
to the imine nitrogen atom (VIII->IX):

*The second isomer was not isolated in pure form.
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Compounds I and II did not undergo isomerization when they were heated in DMF in the
presence of potassium carbonate. Only one isomer (Id) was obtained in the synthesis of a
macrocyclic nickel chelate from VEf (R = Ph). We were unable to obtain a macrocyclic chelate
from Va, and starting azo compound Va was recovered almost quantitatively. Macrocyclic de~
rivatives were not obtained when the reaction was carried out with salts of other metals
(Fe2t, co2t, Mn?*, cd?*, b2+, La®", and Ce®"). Macrocyclic chelates I and II are charac-
terized by high stability: the nickel ion is not liberated under the influence of concen-
trated mineral acids.

An intense molecular-ion peak (m/e 566) is presént in the mass spectrum of the macro-
cyclic compound (Fig. 2). 1Its intensity is 65%, which constitutes evidence for its excep-
tional stability with respect to electron impact. Peaks of fragment ions with m/e 524 and
482, which correspond to the detachment of propyl radicals, are also recorded.

EXPERIMENTAL

The IR spectra of CHCl; solutions were recorded with a UR-20 spectrometer. The UV
spectra were obtained with Unicam-100A and SF-4a spectrophotometers. The PMR spectra were
recorded with Varian XL-100~12 (100 MHz) and Tesla BS-487c (80 MHz) spectrometers with
tetramethylsilane as the internal standard. The mass spectra were obtained with an MS-702
mass spectrometer with direct introduction of the samples into the ionization region; the
temperature of the block for volatilization of the samples was 160-170°C at an ionizing
voltage of 70 eV. Thin-~layer chromatography (TLC) was carried out on Silufol UV-254 plates
in acetone—petroleum ether (5:1) and acetone—hexane (1:5) systems with development by iodine
vapors.

5~-Amino-3~methylpyrazoles (IVa-f). These compounds were obtained by the methods in
[6-11]. The constants of the compounds obtained were in agreement with the literature data:
IVa, mp 44-45°C (44°C [6]); IVb, mp 79-80°C (80-81°C [71); IVe, mp 99-101°C (100-101°C [8]);
Ve, mp 110-112°C (111-112°C [9]); IVf, mp 114~115°C (116°C [10]1).

5-Amino~3-methyl-1~(p-tolyl)pyrazole (IVg). A solutionof 82g (1.0mole) of diacetoaceto-

nitrile in 200 ml of ethanol was added with stirring to 158.5 g (1.0 mole) of p-tolylhydra-
zine hydrochloride in 300 ml of water and 12 ml (0,12 mole) of concentrated HCl, and the
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Fig, 2. Mass spectrum of Ib.
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TABLE 1. Physicochemical Constants, Results of Elementary
Analysis, and Yields of the Compounds Obtained

- . Found, % . Empirical l _Cale,, % =
g 5| ™P mie — )
38 ClHIBrlN'Ni formula lClHIBrlNIN‘i -;%
Ivd| 150 |139]604[9,5] — |30,3] — | C;HisN; 60,4|94] — [30.2f — ] 139,21 78
(27nm) *
v 116 1187/70,716,9] — |22,4] — | CsHi1aNs 706|170 — |224] — 1187,3] 89
Va | 189—190f 293144,714,2127,4(23,8] — | CiiHiaNsBr {44,9{4,1|27,2123,8] — | 2942 | 80
Vb | 229—230] 307{46,7]4,5/26,0122,8] — | Ci2H4NsBr |46,814,6(25,9122,7] | 308.2 | 60
Ve | 159—160] 321[48,6(5,1124,6121,6] — | C1aHieNsBr {485{5,0(24.8|21,7] — | 3222 | 55
Vd | 135—136| 335(50,1{5,5[23,5/21,0] — | C1sHisNsBr |50,8]5,4]23,8/20,8| — [ 336.3 | 60
Vel 173—175] 335150,015,5123,6(20,7] — | CHeNsBr [50,815,4238120,8 — I 33631 72
Vi (1(113—)115 369(55,014,4{21,8118,7| — | CisH16NsBr |55,1{4,4121,6{189} — | 370,3| 90
€C.} . .
Vg | 146—147| 383|56,4[4,7{20,9|18,1| — | CisHisNsBr [56,3/4,7[20,8/18,2] — | 384,3 ] 95
la | 248—249] 510{56,3]4,8] — 127.5[11,3] CaaHaN1oNi |56.414,7| — [27.4|115] 5112 18
Ib | 204206} 566/59,2|5,7| — {24,8} 10,2] CasHsN1Ni [59,3|5,7 — |24,7|10.4] 567,3 | 20
Ic| 305--307] 56659,3/5,6| — |24,7/10,2| CosHasNoNi |59,3]5,7] — 124,7|10,4] 567.3 | 20
1d [Above 353 633{64,3[4,3 22,1 9,3] CasHasNioNi |64,3[4,4] — 22,0 9.2] 635,4 | 55
I1a | 120—121{ 510|56,4(4.8] — [27.4111,3| CasHadNoNi 156,4|4,7| — [27,4[11.5] 5112 | 15
1b} 7880 | 565/59,1{5,6 24,8/ 10,3] CasHaeNoNi [59,3{5,7 24,7/10,41 567,3 | 20
*Boiling point.
TABLE 2. Electronic Spectra of I, II, and V
Com- Aoy MM (Ig 2)
Solvent
pound
1 2 3 ' 4 I 5
Ia | Methanol | 295 (360) | . 340(3,17) | sh 100 (3.36) | 455 (3,57) | 615 (3.20)
1b | Hexane 256 (3,53) |1 292 (3,52) 410 {4,16) | 455 (4,40) | 628 (3.62)
280 (3,56) 390 (4,11)
Ib | CHCl; 266 (3,59) 370 (4,11) | sh 425 (4,08) | 460 (4,36) | 610 (3.64)
nanol | 294 (354)
lc | Methano — 385 (3,90) | sh 400 (4,00) | 460 (4,25) | 615 (3,45)
1d | cHCl, 312 (4,49) 395 (4,29) | sh 428 (4,39) | 460 (4,62) | 628 (3,80)
1z | Methanol | 295 (3,90) 340 (3,57) 420 (3,71) | 450 (3,84) | 615 (3,20)
11b | Hexane 2;2 Eg,s(g)) 390 (4,00) | sh 420 (4,04) | 455 (4,23) | 610 (3,50)
272 (3,48)
11b | CHCI, 264 (350) | sh 395 (4,00) | sh 420 (4.04) | 460 (4,23) | 610 (3,50)
i 286 (3,47)
Va | CHC, — 375 (4.06) 383 (4,03)
vb | . . — 385 (.11} | s 415 (391) — _
Ve | wow — 385 (4,18) 420 (4,02) _
Vdl oo — 385 (4,46)
Ve | Methanol | 240 (4,02) 385 (4,26) | sh 410 (4,20) — _
318 (3,91)
vi | cHCl — 390 (4,36) | sh 405 (4,28) — —
Vg | CHCl, — 390 (4,78) — - _

mixture was heated at 70°C for 3 h. Concentrated HC1l [400 ml (4.0 moles)l was added, and
the mixture was stirred at 90°C for 2 h. A total of 200 ml of ethanol and 500 ml of water
were removed by distillation, and the residual mass was made alkaline to pH 10 with 407 KOH.
The supernatant layer (the pyrazole) was separated and recrystallized from benzene to give
365 g of IVg with mp 116°C.

4= (2-Bromo-4-methyl-1-phenylazo)-3-amino-2~isopropyl-5-methylpyrazole (Ve). A solution
of 7.0 g (0.1 mole) of sodium nitrite in 20 ml of water was added with stirring and cooling
to 0°C to a solution of 18.6 g (0.1 mole) of III in 100 ml of water and 25 ml of concen~
trated HC1, and the resulting solution was maintained at the same temperature for 30 min
(the presence of nitrous acid was monitored by means of starch-iodide paper). The diazonium
solution was poured into a solution of 13.9 g (0.1 mole) of IVe in 200 ml of water and 25 ml
of acetic acid, and the mixture was maintained at room temperature and pH 3-4 for 24 h. The
yellow precipitate was removed by filtration, washed with 200 ml of water, and recrystallized
from isopropyl alcohol to give 24.3 g of Ve, The shiny yellow plates were quite soluble
in trichloromethane, acetic acid, DMF, and dimethyl sulfoxide (DMSO}.

Compounds Va~-d, f, g were similarly obtained. The physicochemical and spectral data
are presented in Tables 1 and 4.
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TABLE 3. PMR Spectra of IVa, c, e-g

Com- Solvent 5, ppm, 1, Hz
pound | (concn. in M) v
) CH, CH NH, R
1Va | Acetone-ds (0,15)] 2,31s | 5,485 ]4,93br s
IVa | DMSO (0,2) — | 5.927s . 6,09 brs (NH: NHy)
IVa { CDCl; (0,4) 2,035 | 5268 _ 6:96 brs (NH. NH)
IVc | CDCl; (0,05) 2,125 [ 5,308 {340brs | 1,34¢, ]=7% }({CHZ;); 3889
J=7,3 (—CHy—
Ive | CDCl, (0,1) 2,155} 5,328 13,40brs | 143d 1=5,5)(2CH3); 4924 m
J=6,6 (CH
IV | cDCly (0,4) 2,145 | 5,30s [3,79brs | 7,18—7,48 m(Ph)
g | cocl (04) 2185|533 |380brs | 2,355 (CHy); 7,23* d /=85 (35-H);
737*d /=85 (2,6-H)

*Centers of multiplets.

TABLE 4. PMR Spectra of Va~g, IIb, and Ia-c

&, ppm, J, Hz (in CDCq for II and V and
2 in CCl, for 1)
g5
g gz NH;, CH; | CHy | 3-H 5-H 6-H R
C lOoE
Va 105 (659 brs|250s{231s [7458] 706dd |756d
J=85, 1,5 | /=85
Vb |03 16,14 brs|234s|245 | 748s] 7,15dd |7,62d|256s (CHy)
b ‘ I1=82; 20 | =89
Ve |03 (6,28 Prs|o31s| 2445|7458 7.13d 763d11,38 t J=64 (CHs):
| J=82 J=82| 383q, /=64
‘ (—CH,—N)
Vd 105 638 brs|oo8s|2445|7414| 7,07d 763d[086 t, J=70 (CHy):
I=81 J=8,1 11,78m(-CH2~);3,70t,
=70 (—CHy,—N
Ve |04 1626 brs|233s|247s{7464| 7,04dd | 7634 1,44 d (1=5|02 (2)(31{3);
I=16 /=82 16 /=82 411m (CH)
VE {04 16,56 brs|235s|o54s ;I8 dd 1 767d739-7,55m (Ph and 3-H)
I=80: 20 |J=80
Vg |01 |654 brs|230s]248s|740s] 7,06d 764d1230 s (CHy); 7.8 d,
/=85 I=85 1=90 (35-H); 7,31 d.
J=90 (2,6-H)
Ia [ 0,01 — ] 216s 643s| 633d 7.20d (3929 s (CH
Ib | 0.2 s 666s| om0 d | r1cs|e. o
b0, — 234s1238s|666st 6, 7.40d {gg = CHae
I=85 [y 0, 8|t. 'J 60 (—CH,
~C~1C—); 1,83 m
!
}—gm—);H 3,80 1,
=60 (—CH,—N
Ie | 0,01 — |218s]225s( 6555 633d 72341 44 d'r‘,}=7,02;ind%,5ld'r
/=82 I=82] "1=70'((CHy):C); 4,25 m
(CH)
11b | 0,01 — | 233s{243s|671s] 661d 6,91d t J= &
(6H) | 24651 6,76 5 72,55(1 7lgs| 084 [ 70 (CH, ,C
, 746d| _¢Cy. 086 T J—
=88 J=88 c )'lﬂ’af’ =70
(CHs—C—C—); 1,73m
|
(2-CHp—); 3,83¢./=70
(—CH,~N); 391 t
J=70 (—CHy,—N)

*Methyl group of pyrazole.
tHindered rotation.

(1,10,11,20-Tetrahydro-1,11-dipropyl-3,8,13,18-tetramethyldibenzo[c,jldipyrazolo[3,4-
£:3',4'-m][1,2,5,8,9,12]hexaazacyclotetradecinato(2-)-4,10,14,20]nickel. A mixture of 4.04
g (0.012 mole) of Vd, 1.75 g (6 mmole) of nickel(II) nitrate hexahydrate, 9.67 g
(70 mole) of potassium carbonate, and 500 ml of DMF was stirred at 120°C for 9 h.

The course of the reaction was monitored by TLC [in an acetone—hexane system (1:5)]. The
mixture was cooled and filtered, and the filtrate was diluted with 500 ml of water. The
precipitate was washed successively with 500 ml of a mixture of DMF and water (1:1), dried,
and purified by means of repeated column chromatography on activity II (Brockmann scale),
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neutral Al,0, (elution with benzene). Two fractions were obtained, and the benzene was re-
moved from them by evaporation.

The residue from the first fraction was recrystallized from methanol to give 0.68 g of
Ib as fine green plates that were soluble in diethyl ether, DMF, DMSO, acetic acid, and con=-
centrated inorganic acids, only slightly soluble in alcohols and acetic anhydride, and in-
soluble in water.

The residue from the second fraction was recrystallized from methanol to give 0.695 g
of brown-green crystals of [1,14,15,20-tetrahydro-1,14-dipropyl-3,7,12,17-tetramethyldi-
benzo[c,jldipyrazolo[4,3-g:3’',4'-m][1,2,5,6,9,12]hexaazacyclotetradecinato(2-)-5,10,15,20]~
nickel (IIbzf Compound IIb was satisfactorily soluble in acetone and hexane, quite solu-
ble in trichloromethane, benzene, acetic acid, and concentrated inorganic acids, and insolu-
ble in water.

Compounds Ia, ¢ and IIa were similarly obtained. Their solubilities were similar to
the solubilities of Ib and IIb.

- [1,10,11,20-Tetrahydro-1,11-diphenyl-3,8,13,18-tetramethyldibenzo[c,jldipyrazolo[3,4-
£:3',4"-m][1,2,5,8,9,12 hexaazacyclotetradecinato(2~)-4,10,15,20])nickel (Id). A mixture
of . 1.11g (3 mmole) of VE, 0.5 g (1.5 mmole) of nickel(II) nitrate hexahydrate, 4.0 g
of potassium carbonate, and 300 ml of DMF was stirred at 120°C for 5 h until the starting
azo compound vanished (according to TLC). The mixture was then cooled, and the supernatant
crystals of Id were separated, washed with water, dried, and recrystallized from trichloro-
methane to give 0,52 g of fine dark~green needles of Id.

Reduction of IIb with Sodium Hydrosulfite. A 2,08~g (12 mmole) sample of sodium hydro-
sulfite was added to 0.56 g (1 mmole) of IIb in 700 ml of ethanol and 4 ml of 5% NaOH, and
the mixture was heated with stirring on a water bath until the green color changed to vio-
let, after which it was filtered. The mother liquor was evaporated, and VI was separated
by sublimation at 265°C and recrystallized from benzene to give 0.73 g (60%) of a product
with mp 88-90°C (mp 89-90°C [12]). A 0.61-g sample of o-toluenediamine VI was heated in
20 m1 of acetic acid at 100°C for 4 h, after which the acetic acid was removed by evapora-
tion, and the residue was recrystallized from benzene to give 0.62 g of VI with mp 203°C
(mp 203°C [13]). PMR spectrum (0.1 M, CDCls): 2.58 (3H, s, CHs attached to 2-C), 2.43
(3H, s, CH; attached to 5-C), 7.30 (l1H, s, 4-H), 7.01 (1H, d, J = 8.0 Hz; 6-H), 7.40 (1H, d,
J = 8,0 Hz, 7-H), and 9.44 (1H, broad s, NH).
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