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Tetrazolium Compounds. Part 11.* Azo-derivatives.

By D. D. LiBman, A. W. NINEHAM, and R. Srack.
[Reprint Order No. 4941.]

A new series of formazans and corresponding tetrazolium salts is
described. In each compound, an N-phenyl group bears a phenylazo-
substituent.

IN Part I* of this series, some tetrazolium salts bearing three variously substituted
benzene rings were described. Of these, 3-p-aminophenyl-2 :5-diphenyltetrazolium
chloride showed slight activity in laboratory experiments against influenza A and Nigg
mouse pneumonitis viruses,t and was chosen as a model for further study, the amino-
group being replaced by phenylazo, to give (I) (R = Ph) (formal localisation of the charge

on N, is not to be construed literally). The

AN N=N— B N=N present communication deals with the prepar-
o N : . s .

= = \CR x- ation of substituted derivatives of (I) which could

77\ N behave as biological precursors of the simpler

(M \:C:/—N_N amino-compounds. Effects of substitution in the

benzene rings have been examined and two bis-
tetrazolium salts have been prepared (polymethylene bridge at R).

The general synthetic methods employed are described in Part I.* Complete diazotis-
ation of some aminoazo-compounds was difficult and was best performed in glacial acetic
acid with nitrosylsulphuric acid or with sulphuric acid and a paste of sodium nitrite in
water. This involved the use of larger volumes of pyridine to neutralise the excess of acid
during condensations with the phenylhydrazones, but the virtual absence of water led to
purer products.

Variants of ring A were introduced by the use of aminoazo-compounds prepared by
(i) coupling p-acetamidobenzenediazonium chloride with substituted benzene derivatives,
(ii) coupling diazonium salts with sodium N-methylaniline-w-sulphonate, or (iii) rearrange-
ment of diazoamino-compounds in the presence of aniline hydrochloride. Variations in
ring B were obtained by application of the above methods to «-naphthylamine and
p-xylidine. Variations in R were achieved by the use of different aldehydes and in ring ¢
by the use of substituted phenylhydrazines.

The azoformazans did not differ markedly from the compounds described in Part I,
but were a more intense purple or black and were less soluble in organic solvents. This
was especially true of hydroxy-compounds. Purification was not difficult but combustion
analyses for nitrogen were not always satisfactory.

Oxidations were sometimes slow but the only failures were with 1 : 3-diphenyl-5-(4-p-
acetamidophenylazophenyl)- and 1 : 3-diphenyl-5-(4-p-dimethylaminophenylazophenyl)-

* Part I, J., 1953, 3881

+ We thank Dr. R. Wien and Mr. W. F. Freeman for drawing our attention to this property of some

of the tetrazolium salts described in this series of papers. Detailed biological results will be published
elsewhere by our colleagues.
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formazan. In these cases undesirable secondary oxidations can occur. Most of the
tetrazolium salts were sparingly soluble in water. The isethionates, into which some
iodides were converted, were not markedly more soluble than the halides. The new salts
and the corresponding formazans are listed in Tables 1 and 2.

EXPERIMENTAL

p-Acetoxybenzaldehyde phenylhydrazone formed triangular plates (from ethanol) (95%), m. p
154° (Found : N, 10-7. C, ;H,,O,N, requires N, 11-0%).

p-Acetamidobenzaldehyde p-Acetamidophenylhydrazone.—p-Acetamidophenylhydrazine stan-
nichloride (Franzen and von Fiirst, Annalen, 1916, 412, 41) (100 g., 0-2 mol.) and crystalline
sodium acetate (100 g.) in hot water (1 1.) were heated with a solution of p-acetamidobenz-
aldehyde (33 g., 0-2 mol.) in aqueous methanol at 95° for 30 min., to give the phenylhydrazone as
cream-coloured needles (40%), m. p. 233° (from aqueous methanol) (Found: N, 18-3.
C,7H,40,N, requires N, 18-1%).

TABLE 3. Amnalyses of formazans.

Found (%) Required (%)

No.* Formula C H N Cl C H N Cl
1 CyHyN, 742 53 20 — 743 50 208 —
2 CyoH 13N ¢, H,O 66-9 5-6 23-1 — 66-7 5-6 23-3 —
3 CyeHjaN, 743 50 — — 746 53 — —
4 CuH NI — — 189 78  — — 191 81
5 16 1503 670 42 2155 — 668 42 218 —
6 25H 20N ¢ 704 50 194 — 714 48 200 —
7 CyH,40N,Cl — — 179 10 — — 185 T8
8  CyH;,ONCl — — — 71 — — — 78
9 2oH 3N ¢ — — 184 — — — 185 —

10 CyH,ONg,3CH,OH 706 50 186 — 702 50 193 —

11 Gy Hg N, 72 56 191 — 750 56 194 —

12 CueH,30,N, 697 52 182 — 696 45 187 —

13 CyH,,NCl 687 45 — 80 685 43 — 81

14  C,,H;0N, 702 4.9 — — 702 50 — —

15 CuHgNi, 705 52 231 — 705 50 246  —

16 CoH 4N, CeHyy 721 63 205 — 719 65 204 —

17 Cg,H,,0N, 697 650 209 — 702 50 212 —

18 97HgsN 722 57 2112 — 725 56 219 @ —

19 C,H,e0,N4,2CH,OH 620 52 @ — — 620 50 @ — —

20  CuH,N,S — — 216 681 — — 223 73%

21 Cy,H,0,N, 705 50 178 — 701 48 182  —

* Cf. Table 1. + Sulphur analysis.
TABLE 4. Analyses of tetrazolium salfs.
Found (%) Required (%)

No.* Formula C H N Hal ' C H N  Hal
1 CyH NI 564 36 — 239 565 36 — 240
2 20H 17N oI 512 41 — 270 513 36 — 271
3 CueHy NI 560 38 157 239 574 38 154 233
4 CyH,NCl,1-5H,0 603 44 168 142 600 42 168 142
5 25H1304N,CL2H 0 57-8 45 190 67 578 42 188 68
6  C,H,,ON,LiH,0 646 43 1790 75 647 43 181 76
7 CuH, sONCl, H,0 5905 41 162 137 592 36 166 140
8  CyH,,ONCL,C;HeOH 602 47 158 130 605 45 157 132
9 20H 31N g — — 142 220 — — 145 219

10 C,H,,ON,Cl — — 190 74 — — 185 18

11  C,,H,;NCl,3H,0 — — 163 68 — — 162 68

12 C,H;,0,N(CLE{H,0 632 42 166 68 634 41 170 7-0

13 CyH; N CII 52-8 34 — 224t 531 32 — 225¢

14 C4HyON,I 550 3-8 — 216 551 38 — 216

15 CgHyN;,l,,CH-OH — — 165 258 @ — — 171 259

16 CoHN3pI,,H,0 — — 167 253 @ — — 167 253

* Cf. Table 2. 1 Iodine analysis.

4-p-Aminophenylazo-2-chlorophenol.—Diazotised p-acetamidoaniline was coupled with
o-chlorophenol. Hydrolysis with hydrochloric acid gave the aminoazo-compound (51%), m. p.
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186—187° (from aqueous ethanol) (Found: C, §8:7; H, 4-3; N, 17-2. C,,H,,0,NCl requires
C, 582; H, 43; N, 16-99%,).

4-p-Aminophenylazo-3-chlorophenol, prepared in the same way, formed orange plates (839%,),
m. p. 165°, from aqueous ethanol (Found: N, 15-8; Cl, 13-6. C,,H,,;ON,C],H,O requires N,
15-8; Cl, 13-4%). The N-acetyl derivative, golden needles (from ethanol), had m. p. 213—
215° (Found : N, 14-2. C,,H,,0,N,Cl requires N, 14-5%,).

2-p-Aminophenylazothiazole—Diazotised 2-aminothiazole was coupled with sodium N-
methylaniline-w-sulphonate in alkaline solution (cf. Elbs, J. pr. Chem., 1924, [2], 108, 229).
Hydrolysis of the intermediate sulphonate with hot 509, sodium hydroxide solution gave the
aminoazo-compound (369,), dark red rhombs or stout prisms, m. p. 188—189° (from toluene)
(Found : N, 27-3. C,HgN,S requires N, 27-569,). The N-acetyl compound, m. p. 231°, formed
orange needles (889%,) from 509, ethanol (Found : N, 22:0. C,,H,,ON,S requires N, 22-8%,).

2 : 5-Dimethyl-4-2'-thiazolylazoaniline was obtained as dark red prisms with a green reflex
(from benzene) or as crimson needles [from benzene-light petroleum (b. p. 60—80°) (1 : 1)],
m. p. 158° (28%,) (Found : C, 57-8; H, 5:2; N, 23-0; S, 14-0. C,,H,N,S requires C, 57-0; H,
52; N, 24-1; S, 13-8%). The N-acetyl derivative formed orange prisms or yellow needles, m. p.
187° (from benzene) (Found : N, 20-2; S, 12-1. C,;H,,ON,S requires N, 20-3; S, 11-6%,).

4-2’-Thiazolylazo-1-naphthylamine formed purple needles (from 609, ethanol), m. p. 195°
(60%) (Found: N, 21-5. C,;3H,)N,S requires N, 22.0%). The N-acetyl derivative formed
brown needles (60%), m. p. 236° (from ethanol) (Found: N, 18-8. C,;;H,,ON,S requires
N, 18:9%,). .

The following formazans were not isolated from the appropriate condensations: 1 : 3-di-
phenyl-5-p-(p-sulphophenylazo)phenyl-, 5-(4-p-hydroxyphenylazo-1-naphthyl)-1 : 3-diphenyl-,
3-p-acetoxyphenyl-5-p-(4-hydroxyphenylazo)phenyl-1-phenyl-, 1 : 3-diphenyl-5-(4-2’-thiazolyl-
azophenyl)-, 5-[2: 5-dichloro-4-(2 : 5-dichlorophenylazo)phenyl]-1 : 3-diphenyl-, 1: 3-diphenyl-
5-(1-phenylazo-2-naphthyl)-, 1: 3-diphenyl-5-(4-1’-naphthylazo-1-naphthyl)-, 1: 3-diphenyl-5-
(4-2’-thiazolylazo-1-naphthyl)-, and 1-p-nitrophenyl-3-phenyl-5-p-phenylazophenyl-formazan,
octamethylenebis-3-(1-phenyl-5-p-phenylazophenylformazan) and octamethylenebis-3-(1-p-
nitrophenyl-5-p-phenylazophenylformazan).

We thank Dr. A. J. Ewins, F.R.S., for his interest, Mr. S. Bance, B.Sc., and his staff for
semi-microanalyses, and the Directors of May & Baker Ltd. for permission to publish these
results.
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