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Ab.stract: The l-aza-2-azoniaallenc sails 3 react v, ith 3-c.vanoformazans 4-6 to give the 
corresponding 5-I 1.5-diar). lfornulzan-3-3 l)triazolium salts 7-9 or the rcarrangcmcnt derivatives 
10-12 or the oxidation producls 13-15. Reaction of3a,d ~ith the crown cyanoformazan 18 gave 
Ihc corrcsponding crov, n-formazanyltriazolium salts 19a,d Oxidation of the forlnazans4, lob 
x~ ith I-BuOCI afforded Ihc corresponding letrazolium salts 16. 13h 
© 1997 Elsevier Science Ltd. 

INTRODUCTION 

The wide applications of formazans have been the subject of a large number of publications which were cited 
previously ~ They have been used as potential chromogenic chelates for transition metals and post-transition 
metals. Also, crown-tbrmazans have attracted special recent interest due to their applications in selective metal 
ion extraction and microdetermination. ~~ There are limited ways of introducing functional groups which seems 
to confer special properties on this class of compounds at the 3-position in these formazans. The recently 
reported in situ preparation of I-aza-2-azoniaallene salts (e.g. 3) and their cycloaddition to multiple bonds of 
olefins, ~ acetylenes, ~ carbodiimides, 46 isocyanates 47 and nitriles 4~ to give five membered heterocycles 
stimulated the present synthetic approach toward a new class of formazans substituted with triazolium cation at 
tt~e 3-position with possible interesting applications. 

RESULTS AND DISCUSSIONS 

Recently, many ketone arylhydrazones 1 were oxidized to the corresponding c~-chloroazo compounds 2 which 
upon treatment at low temperature with SbCI5 gave the corresponding l-aza-2-azoniaallene salts 3 ~-x In this 
paper the reaction of 3 with the 3-cyanofbrmazans 4-6 was investigated as a possible synthetic route tov, ard 
the formazanyl-l,2,4-triazolium salts 7-9, 10-12 (Scheme 1) Thus, addition of SbCls to an equimolecular 
solution of I -[( 1 -chloro- I-methylethyl)azo]-2,4,6-trichlorobenzene 2a and 3-cyano- 1,5-diphenylformazan 4 in 
dichloromethane (as described for other nitriles) ~ produced low yield (ca  20%) of the corresponding triazolium 
salt 10a. However, compound 10a was obtained in ca  70% yield when compound 4 was added to the freshly 
prepared salt 3a at -60"C It was theretbre apparent that this sequence of reaction overcame the destruction 
of  the chloroazo compound through possible oxidation of  the formazans into the corresponding tetrazolium 
salts and also the decomposition of  the reagents 3 by the formazan acidic proton. This assumption is 
substantiated by the fact that when compound 5 was treated similarly, the corresponding triazolium derivative 
I la  was obtained in 75% yield. In fact compound 5 is resistant to oxidation in contrast to compound 4 which is 
readily converted to 3-cyanodiphenyhetrazolium chloride 16 by the action oft-butyl hypochlorite This fact can 
be rationalized by the increased intramolecular hydrogen bonding due to the o-methoxy groups in compound 5 
Similar, treatment of 6 with 3a lead to the isolation of the unrearranged triazolium salt 9a which is relatively 
stable at low temperature However, compound 9a was changed after two hours at room temperature in the 
NMR tube into a mixture of  50% with the isomeric rearrangement product 12a as indicated by the ~H NMR 
Isolation of isomeric triazolium salts from other nitriles and the mechanism of these reactions were reported s 
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Similarly, addition of each of  4, 5 to a solution of 3b in methylene chloride afforded the corresponding 
formazyltriazolium salts 10b, 1 lb respectively. On the other hand, similar treatment of  6 with 3b afforded 
mainly the dication 15b together with 12b as a minor product. The cycloaddition of  the salts 3c,d with the 
appropriate derivatives 4-6 gave the corresponding rearranged products 10c,d, 1 lc,d and 12d. 

Attempts to prepare 13b by reacting 16 with 3b were unsuccessful. This is most probably due the insolubility 
of the starting tetrazolium salt 16 in the reaction medium where it was recovered completely unchanged. Also, 
the use of two molar equivalent of  3b in this reaction did not lead to the formation of the expected dication 
13b However, oxidation of  10b with t-butyl hypochlorite led to the quantitative formation of the dication 13b 
On the other hand, the dimethoxy analog l i b  was completely recovered unchanged upon treatment with t- 
BuOCI under similar or more drastic conditions (higher temperature or with variable excess of  the oxidizing 
agent). Also, other oxidizing agents (e.g. NBS or NCS) reported for the synthesis oftetrazolium salts could 
not affect the conversion of l i b  to 14b. Similar attempts with 5 failed to produce 17, which reflectsthe 
stability of the bis(o-methoxyphenyl)formazans most probably due to the stronger intramolecular hydrogen 
bonding in this derivative. 

Finally, addition of the crown cyanoformazan 18 to each of  the 2-aza-l-azoniaallene salts3a,d led to high 
yields of  the triazolium crown-formazans 19a,b respectively. Also, attempts to oxidize the latter to their 
corresponding tetrazolium-triazolium dications were unsuccessful. 

EXPERIMENTAL 

All melting points were uncorrected. All experiments were carried out with exclusion of  moisture in solvents 
dried by standard methods tH and ~C NMR spectra (6 scale) were recorded with a Bruker WM-250 and AC- 
250 spectrometer The starting materials la-d *<s, 2a-d a<s, 4-6 '~-"', 16 ~m2 and 18  2 w e r e  prepared as reported 

5-Cyano- 1,3-bis(2-methoxyphenyl)formazan (5): To a cold (0"C) stirred solution of NaOH ( 12 0 g, 0 3 mol) in 
aqueous ethanol (250 ml, 50%) was added cyanoacetic acid (4.25 g, 50 mmol) followed dropwise addition of 
o-methoxybenzenediazonium chloride [prepared by treating a solution of o-anisidine (13.5 g, 110 mmol) in HCI 
(36 ml, 36%) at -5"C with a solution of NaNO2 (7.6 g in 20 ml of H20) with stirring] After addition was 
complete the mixture was stirred at 0"C for 3 h, then at room temperature overnight. It was then acidified with 
acetic acid and the precipitate was collected, washed with water and crystallized from MeOH/acetone mixture 
(50%) to give 77  g (70%) of  deep red crystals of 5 mp 140-2"C. ~H NMR (CDCI~): 4.0 (s. 6H, OCHO, 7 0-78 
(m, 8H, ArH's), 139( IH,  NH). (Found: C, 62.35:H, 5 10:N, 2253 CalcdI'orC~,H~sNsO.~(MW 3093):C,  
62 13; H, 489; N, 2264%) 

Reaction of the ot-Chloroazo Compounds 2a-d with the Cyanoformazans 4-6, 18: A solution of SbCls (0.6 g, 2 
retool) in CH2Cb (5 ml) was added dropwise with stirring to a cold (-60°C) solution of  the appropriate ct- 
chloroazo compound 2a-d (2 retool) in CH2Cb (15 ml) followed by the appropriate cyanoformazan 4-6 (2 
retool) in CH2CI~ ( 10 ml) The mixture was then stirred at -60"C for I h then at 0"C for I h. and finally at room 
temperature for l h Filtration afforded in most cases an analytically pure crystalline product Alternatively, the 
solvent was removed and the residue was crystallized 

2,3-Dimethvl-5-( 1,5-diphenylformazan-3-yl)- 1 -(2,4,6-trichlorophenyl)- 1 H- 1,2,4-triazolium 
Hexachloroantimonate (10a): From 2a and 4 after evaporation of  the solvent in vacuo recrystallization from 
CH;CN gave deep red crystals of lOa. yield 12 g (70%), mp 195"C (dec). ~H NMR (CD~CN): 2 8 3 , 3 7 5  
(CHO. 7.39-7.54, 7.94 (m, IOH , s, 2H, Aryl), 15 71(NH): I)CNMR(CD3CN): 14 5 ,352 (CHD.  1207, 
128.4, 130.7, 1310, 131 6, 1319, 1367, 141.3. 147.1, 1563, 1622(Ar,  C=N). (Found: C, 33.32;H, 238 :N,  
1187 CalcdforC>Hv~CLN7Sb(MW=834.3) :C,  33 I I ;H, 230 ;N ,  11.75%) 
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5-( 1,5-Diphenylformazan-3-yl)-3-methyl-2-phenyl- 1 -(2,4,6-trichlorophenyl)- 1 H- 1,2,4-triazolium 
Hexachloroantimonate (10b): From 2b and 4 after evaporation of the solvent in vacuo recrystallization from 
CHCI~ gave deep red crystals of lob, yield 1.1 g (62%), mp 200-2"C (dec) ~H NMR (CD3CN): 2.69 (CH3), 
7.39-7.76 (Aryl), 15.83(NH); ~3C NMR (CD~CN): 15.0 (CH3),791 (CHCb), 1208, 128.9, 129.2, 129.25, 
130.7, 131.0, 131.1, 131.7, 134.9, 136.6, 140.8, 1469, 1567, 163.0(Ar, C=N). (Found: C, 33.88;H, 2.18:N, 
9.8 I. Calcd for C~H2~ClgN7Sb.CHCI3 (MW = 1 O15.7): C, 3429: H, 2 18; N, 9.65%). 

5,6,7,8-Tet rahydro-2-( 1,5-diphenylformazan-3-yl)-3-(2,4,6-t richlorophenyl)[ 1,2,4]triazolo[5,1 -a]pyridinium 
Hexachloroantimonate (10¢): From 2¢ and 4 the product precipitated as an analytically pure deep red crystals 
of I0¢, yield 12 g (65%), mp 194-6"C (dec). IH NMR (D6-DMSO): 2.1, 2.2, 3.3, 4 1 (CH2), 5.9 (CH2Cb), 
7.5 (m, Ph), 84 (s, C(,H2CIs), 150 (NH) (Found: C, 3293~ H, 2.41; N, 10.49. Calcd for 
C2~H~ICI,~NTSb.CH2CI2 (MW = 9452): C, 3304; H, 2 45; N, 1037%) 

6,7,8,9-Tetrahydro-2-( 1,5-diphenylformazan-3-yl)-3-(2~4,6-trichlorophenyl)-5 H-[ 1,2,4]triazolo[5, I -a]- 
azepinium Hexachloroantimonate (10d): From 2d and 4 the precipitated product was recrystallized from 
CH3CN to give deep red crystals of 10d, which was dried at 80"C for 2 h., yield 1.25 g (65%), mp 196-8"C 
(dec). IH NMR (D(,-DMSO): 186-1.91,343.435 (CH~), 7 42-7 73 (m, Ph),834(s,  C6H2CI)), 15.0(NH). 
(Found: C, 35.78: H, 2.71: N, I 1.10. Calcd for C?(,H:~CIgNvSb (MW : 874.3): C, 3572: H, 265; N, 11.21%) 

5-[ l, 5-Bis(2-methoxyphenyl)formazan-3-yl]-2,3-dimet hyl- 1 -(2,4,6-t richlorophenyl)- 1 H- 1,2,4-triazolium 
Hexachloroantimonate (1 la): From 2a and 5 the product precipitated as an analytically pure deep red crystals 
of l l a  was collected and dried at 80"C for I h., yield 135 g (75%), mp 190-2"C (dec). IH NMR (D~,-DMSO): 
292, 3.91, 398 (CH3), 702-7.40, 8.36 (m, s, Aryl), 15.45(NH);I;C NMR(Dr,-DMSO): 13.5,34.1,56.3 
(CH)), 112.8, 1153, 120.9, 127.0, 1304, 131.5, 1319, 1348, 134.0, 139.4, 152.5. 1543, 160 9 (At, C=N). 
(Found: C, 3323; H, 2.58: N, 10.92 Calcd for C.,sH2sCI,~NTO2Sb (MW = 8943): C, 33.58; H, 2.59; N, 
10.96%). 

5-[ 1,5-Bis(2-methoxyphenyl)formazan-3-yl]-3-methyl-2-phenyl- 1 -(2,4,6-trichlorophenyl)- 1 H- 1,2,4-triazolium 
Hexachloroantimonate (I Ib): From 2b and 5 after evaporation of the solvent in vacuo recrystallization from 
CH~CN gave deep red crystals o f l l b ,  yield 1.1 g(55%),mp200-2"C(dec)~HNMR(CD~CN):2.71,399 
(CH~), 697-8.05 (Aryl), 15.61(NH)~ ~C NMR(CD:~CN): 146. 567 (CH O, 113.3, 116.0, 1214, 128.2, 128.7, 
1304~ 1300, 132.1, 132l, 1324, 1342, 1354, 135.7,130 8,153 2.155 6,162 6 (Ar, C=N). (Found: C, 
3785: H. 2.47; N, 1005. Calcd for C~H~sCI,)NTO~Sb ( M W -  0564): C, 3768; H, 2.63; N, 10.25%). 

5,6,7,8-Tetrahydro-2-[ 1,5-bis(2-methoxyphenyl )formazan-3-yl]-3-(2,4_~6-trichlorophenyl)-[ 1,2,4]triazolo[5, l- 
a]pyridinium Hexachloroantimonate (1 lc): From 2c and 5 the product precipitated as an analytically pure deep 
red crystals of I !¢, yield 15 g (82%), mp 192-4"C (dec). IH NMR (D~,-DMSO): 2 1-2 17, 3.34, 406 (CH2), 
3.99 (CHO, 7.99-75 (m, At), 8.38 (s, Cc, H~CI~), 1545(NH)~;CNMR(Dr,-DMSO): 170, 208, 240, 46.4 
(CH2), 563 (CH~), 1129, 115.2, 1209, 1268. 130.3, 131 5, 1319, 134.78, 134.83, 139.3, 152.5, 154.3, 
1607 (At, C=N) (Found:C, 35 19:H, 277:N, 1045. CalcdforC~7H25CIgNTO2Sb(MW=9204):C, 35.24: 
H, 274; N, 1065%). 

6,7,8,9-Tetrahydro-2-[ 1,5-bis(2-methoxyphenyl)formazan-3-yI]-3-(2,4,6-trichlorophenyl)-5 HI 1,2,4]triazolo- 
[5, l-a]azepinium Hexachloroantimonate(l Id): From 2d and 5 the product precipitated as an analytically pure 
deep red crystals of l id ,  which was dried at 80"C for 2 h., yield 17 g (90%), mp 182-4"C (dec). IH NMR 
(D(,-DMSO): 1.89-1.94, 346, 4.35 (CH2),3.98(CH;), 700-7.49(m, Ar), 8.35 (s, C6H2CI3), 15.45(NH)~ I~C 
NMR (D~,-DMSO): 22.6, 257, 27.6, 28 3, 48.6(CH~),56.3(CH~), 1129, 115.4, 120.9, 126.7, 130.5, 131.5, 
1319, 134.8, 135.2, 1396, 152.5, 154. t, 1652(Ar, C-N). (Found: C, 35.77;H, 3.00;N, 1038 Calcdfor 
C2~H27CI,~NTO2Sb ( M W -  9344): C, 3599; H, 2.91; N, 10.49%) 

5-[ 1,5-Bis(4-methoxyphenvl)formazan-3-yl]-3,3-dimethyl- 1 -(2,4,6-trichlorophenyl)-3 H- 1,2,4-triazolium 
Hexachloroantimonate (9a): From 2a and 6 the precipitated analytically pure deep red crystals of 9a was 
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collected, yield 06 g (30%), mp 145-50"C [decompose and resotidify and remelt again at 210-12"C (dec.)]. ~H 
NMR (D6-DMSO): 178 (s, 6H, CH3), 3.86 (s, 6H, OCH3), 5.76 (s, 2H, CH2C12) 7.03, 7.55 (2d, 8H, 2C~,H4), 
8.03 (s, 2H, CoH2), 11.77, 15.21 (2s, IH, NH). (Found: C, 32.11; H, 2.75; N, 10.32. Calcd for 
C25H2~CI,~N702Sb.CH2CI2 (MW - 979.3): C, 31.89; H 2.57: N, 10.01%). After 2 h. at room temperature (in 
NMR tube in D0-DMSO) 50% of the isomeric product 12a appeared which showed additional signals at: 2.57, 
303, 3.81 (CH~), 72, 7.6 (2d, C6H4), 8. [ 1 (S, C6H2). 

5-[ 1,5-Bis(4-met hoxyphenyl)formazan-3-yl]-3-met hyl-2-phenyl- 1 -(2,4,6-trichlorophenyl)- l H- 1,2,4-t riazolium 
Hexachloroantimonate (12b) and 2,3-Bis(4-methoxyphenyl)-5-[3-methyl-2-phenyl-l-(2,4,6-trichlorophenyl)-I- 
H-l,2,4-triazolium-5-yl]-2H-tetrazolium Bis(hexachloroantimonate (lfib): From 2b and 6 the precipitated 
analytically pure deep red crystals of l2b ,  yield 0.4g(20%), mp 190-2"C (dec). ~H NMR (D~,-DMSO): 2.7, 
3.85 (CH~), 7.05, 7.48, 7.7, 7.8, 8.12 (d, 4H, d, 4H, m, 3H, d, 2H, s, 2H, Aryl), 15.34 (NH); ~C NMR (D6- 
DMSO): 14.2, 55.7 (CH~), 114.8, 121.6, 127.6, 128.2, 129.8, 130.0, 139.4, 133.6, 135.1, 139.1. 139.7, 
154.8, 160.6, 161.9 (Ar, C=N)(Found:  C, 37.60; H, 2.35;N, 10.1Y CalcdforC~,H25CI,)NvO2Sb(MW = 
9564): C, 37.68; H, 2.63; N, 10.25%) 
The mother liquor after evaporation was purified by dissolving in CH~CN and reprecipitated by addition of 
ether to give yellow product of Ifib, 0.65 g (25%), mp 213-15"C (dec).~H NMR (CD3CN): 291, 3.91 (CHO, 
7.13-7.84 (Aryl): 13C NMR (CD3CN): 159, 57.3 (CH3), 117.1, 1247, 125.6, 1283, 128.5, 1286, 131.5, 
132.3, 1358, 136.9, 1434, 146.2, 152.2, 1655, 165.9(Ar, C-N). (Found: C, 28.10;H, 2.14;N, 7.81.Calcd 
for C3~H24CllsNvO2Sb2 (MW = 12899): C, 2794; H, 1.88; N, 7.60%). 

6 , 7 , 8, 9-T etrahydro- 2-[ 1, 5-bis( 4-metho xyphenyl )formazan- 3-yl ]-3-( 2, 4 , 6-trichlorophenyl )- 5 H-[ 1,2,4]triazolo- 
[5, I-a]azepinium Hexachloroantimonate(12d): From 2d and 6 the product precipitated as an analytically pure 
deep red crystals of 12d, which was dried at 80"C for 2 h., yield 1.7 g (90%), mp 165-7"C (dec). ~H NMR 
(D,-DMSO): 185-1.94, 2.47-2.53, 4.3 (CH2), 3.83 (OCH~), 7.05, 7.47 (2d, Ar), 8.35 (s, C~,H2CI~), 15.22 
(NH). (Found: C, 35.75; H, 275; N, 10.20 Calcd for C2~Hz7CI9NvO2Sb (MW = 934 4): C, 35.99; H, 291; N, 
10.49%) 

5-] 16,17-Dibvdro-5H, 15 H-dibenzo[b,i] [ 1,1 1,4,5,7,8]dioxatetraazacyclotetradecin-7-yl ]-2,3-dimethyl- I -(2,4,6- 
trichlorophenyl)-IH-1,2,4-triazolium Hexachloroantimonate (! 9a): From 2a and 18 the precipitated analytically 
pure deep red crystals of 19a was collected, yield 1.6g(90%), mp 215-7"C (dec). ~H NMR (Dc,-DMSO): 
2.34, 4.42 (CH2). 2.91, 3.91 (CH0, 575 (CH2C12), 6.99-7.47 (m, 8H), 8.38 (s, 2H) (Aryl), 16.04 (NH); 1~C 
NMR (D~,-DMSO): 13.5, 34.0 (CH3), 28.8, 68 1 (CH2), 1128, 114.3, 120.8, 127.1, 130.4, 131.6, 132.1. 
134.1, 135.0, 139.4, 151.9, 154.2, 160.9 (At, C=N). (Found: C, 32.94; H, 266: N, 9.97. Calcd for 
C2¢,H23CIgN702Sb.CHzCI2 (MW - 991.3): C, 32.72; H, 2.54; N, 9.89%). 

6,7,8,9-Tetrahvdro-2- [ 16,17-dihydro-5 H, 15H-dibenzo[b,i][ 1, I 1,4,5,7,8]dioxatetraazacyclotetradecin-7-yl ]-3- 
(2,4,6-trichlorophenyl)-SH-[l,2,4]triazolo[5, I-a]azepinium Hexachloroantimonate (19d): From 2d and 18 the 
product precipitated in an analytically pure deep red crystals of 19d, which was dried at 80"C for 2 h, yield 
14 g (83%), mp 192-4"C (dec). 1H NMR (D6-DMSO): 1.9, 2.26, 3.4, 4.4 (m, CH2), 7.0-7.40 (m, Ar), 8.41 (s, 
C~,H2CI~), 16.06 (NH); tSC NMR (D~,-DMSO): 22.6, 25.7, 27 5, 28.3, 28.8, 48.5, 68.1(CH2), 112.8, 1144, 
120.8, 126.7. 130.4, 1316, 1321, 134.1, 135.3, 139.6, 151.9, 154.1, 165.2(Ar, C=N). (Found: C, 36.67;H, 
299: N, 10.21 Calcd for C29H27CI9N702Sb (MW = 946.4): C, 3680; H, 2.88; N, 10.36%). 

Reaction of t-BuOCl with the formazans 4 10b: To a solution of the formazan (2 mmol) in CHCI3 or CH~CN 
(10 ml) at -10"C was added dropwise with stirring a solution of t-BuOCl (0.27 g, 2.5 mmol) in CHCI~ (10 ml) 
The reaction mixture was further stirred at 5"C for 5 min and the solvent was then removed under reduced 
pressure at 20"C The remaining material was dissolved in CHCI3 or CH3CN and repriciptated by addition of 
dry ether. 

5-Cyano-2,3-diphenyl-2H-tetrazolium Chloride (16): From 4 the product 16 was obtained as pale yellow 
powder 0.45 g (90%), mp 240-1"C (lit. IImp 139-40"C). 
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2,3-Diphenyl)-5-[3-methyl-2-phenyl-l-2,4,6-(trichlorophenyl)- 1-H-1,2,4-triazolium-5-vl]-2H-tetrazolium 
Chloride Hexachloroantimonate (13b): From 10b pale yellow powder of 13b 1.8 g (97%), mp 245-7"C (dec). 
IH NMR (D6-DMSO): 2.95 (s, CH~), 7.6-7.94 (m, At), 13C NMR (D6-DMSO): 15.5 (CH~), 124.6, 127.3, 
128.3, 128.6, 131.0, 131.3, 131.7, 133.6, 1353, 1357, 136.9, 142.6, 146.0, 152.5, 165.7(Ar, C-N)(Found:  
C, 36.35; H, 2.36; N, 10.31. Calcd for C28H?0CI3Nv.SbCI6CI- (MW = 930.8): C, 3613: H, 2.17: N, 10.53%). 
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