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!To the growing list of stable organic free radicals (2) there can now be added the 

1,2,&benzotriazinyl free radicals as exemplified by the parent l,J-diphenyl-1,2,4-benzotria- 

zinyl radical (IV, R=H) depicted in eq. (1). The stability of this new type of heterocyclic 

free radical (3) appears to be comparable at least to that of the stable free radical 2,2- 

diphenyl-l-picrylhydrazyl (DPPH) (4,5),which has frequently been used as a calibration stan- 

dard for electron parwgnetic resonance investigations (e.p.r.). 

These substances may be best prepared by the synthetic scheme illustrated in eq. (1). 

'The addition of 7 nil of HBr/2-propanol solution (6) to 1.0 g of N'-phenyl-N-ph?nyliminobenzami- 
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dine (I, R=H) (7) at room temperature rapidly (2-3 tin) ylelded the yellow 2-propsnol insolu- 

ble salt, (1,4)-dihydro-1,3-dlphenyl-1,2,4-benzotriazine hydrobromide (II, R&I) CO.9 g (74) 

after one recrystallization from methanol-&ethyl ether! anal. sample m.9. _ 2J5"d [C&OH- 

(c2%)201; h _ (CHsOH) 250 n5.1 (a 23,200), 3CO shoulder (6,750), 344 sh (4,120), 430 sh 

MO), Amin 224 (L15,150); Anal. Calcd for CleHleRrN3: c;62.31; H, 4.41; N, 11.47. hound: 

c, 62.53; H, 4.48; R, 11.44'). Careful treatment of II (R=R) with aqueous sodium bicarbonate 

liberated the yellow diethyl ether soluble free base III (R=Ii) [m.p. 105-7"d (8) (diethyl 

ether-pentane)J L _ (OH: u w sh (t x),274), 248 (U,976), 302 (8,171), 336 sh (5,577), 

420 sh (1,073), x min 226 (16,544), 283 (7,288)J Infrared (louj.01): 3307 cm" (RH, m)J Anal. 

Calcd for C&&s: C, 79.971 H, 5.3OJ N, 14.73. ROund: C, 79.71, A, 5.26J 19, 14.771. Re- 

conversion of III (R=R) to the hydrobromide salt II (R=H) could be readily achieved in diethyl 

ether solution with HRr/2-propanol thereby eliminating the possibility of further deep-seated 

changes. Although the 1,3-diphenyl-1,2,4-benzotriazinyl free radical (IV, R=dI) may be generated 

by a number of methods, including air oxidation, the cleanest appeared to be the treatment of 

II (R=H) or III (R&I) at room temperature over a period of several hours with ethanolic aqueous 

potassium hydroxide (9). For example, 0.75 g of the free bese III (R=R) was converted quanti- 

tatively by this method to the free radical IV (R=H) which crystalllsed out as beautiful black 

needles, m.p. 113-15" (C&OH) [Anal. Calcd for C1$I1&: C, 80.26~ H, 4.96J N, 14.78. Found. 

C, 80.56~ H, 4.95J N, 14.781 infrared (Nujol and CR&a): no -RR stretching frequencyJ A max 

(CH30H) 260 q.~ sh 65 33,020), 268 (36,130), 320 (7,150), 370 (5,490), 420 sh (2,630), 490 

(1,330), 570 sh (540); X min 230 (11,230), 300 (4,480), 340 (3,300), 473 (l,llO)]. The total 

absence of an observable p.m.r. spectrum (10) together with the broadening of the tetramethyl- 

&lane reference signal is in complete accord with the paramagnetic nature (2b,11,12) of the 

1,3-cliphenyl-1,2,4_benzotriazinyl free radical (IV, R&f). That this substance and certain 

related derivatives such as IV (R&Is) exist entirely In the free radical form in the solid 

state and also in solution Is clear from e.p.r. spectral comparisons (3) with the 2,2-diphenyl- 

1-picrylhydrazyl (DPPH) free radical. Their stabi'lity is,so marked that they themselves could 

conceivably be utilized as standards. 

To reinforce our thesis concerning the unusual ring closure of I to II depicted in 

eq. (1) it was incumbant upon us to develop an alternstive and unambiguous route to these 1,2,4- 

bensotriasine compounds. This was accomplished as outlined in eq. (2). Renzolc 2,2-bis-(p- 
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tolylj-hydraside (V), m.~. 19@-200" (CHsCH)I x, (C&OH) 220-26 mp Rlateau (L i9,360), 280 

(13,920), hlllin 254 5 (7,670)~ Anal. Calcd for CnlReoNeO! C, 79.71, H, 6.37~ N, 8.85. 

FbUlld: C, 79.57J H, 6.38~ N, 8.593, prepared by bensoylatlon of the known N,N-di-z-tolyl- 

hydrazine hydrochlorkde (V) (131, could be monobromlnated In fair yield in methylene chloride 

in the presence of a saturated aqueous potassium hydroxide solution to benzolc 2-(2-bromo-r- 

tolyl)-2-(g-tolyl)-hydrazidd (VI) (141, m.p. 212-14" (CHsOH)[ A,,, (~&OH) 224 w sh 

k 24,570), 279.5 (l1,580), ~~~ 256 IQ.I (C 7,270); Anal. Calcd for CooHleBrNfl: c, 63.80; 

Ii, 4.85; N, 7.08. Found: C, 63.35; H, 4.93; N, 7.24.1. After numerous unsuccessful attempts 

the vitalmononitration of'VI'was finally achieved in cold acetone solution using an equimolar 

amount of concentrated nitric acid added dropwise. A poor to fair yield of the pure yellow 

crystalline benzoic 2-(2-bromo-p-tolyl)-2-(2-nitro-p-tolyl)-hydrazide (VII) was obtained, 

m.p. 218-220~ (dlethyl ether) [ h max (C&OH) 220 "5~ sh C29,240), z&6 06,800), 390 0,890), 

x tin 249 (l4,580), 345 (1,430); Anal. Calcd for CalHlsBrNsOs: C, 57.28; H, 4.12; N, .Q.'L 
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Found: c, 56.99; H, 4.29; N, 9.661. The crucial conversion of VII to VIII, which involved 

both hydrogenation of the nitro group and hydrogenolysis of the bromo substituent, was readily 

accomplished at atmospheric pressure in ethanol over 10% W-C. The slightly hygroscopic off- 

white salt VIII (15) was isolated in good yield (78$), m.p. 2lO-12"d (C&OH-diethyl ether) 

[ Amax (C&OH) 234 4 (E. 27,840), 264 sh (6,230), 272 sh (4,700), h m,n 218 (23,490); Anal. 

Calcd for CsiH2$WN30: C, 61.17; H, 5.58; N, 10.19. Found: C, 60.77; H, 5.89; N, 10.04.1. 

Upon refluxing an ethanolic solution of 0.5 g of VIII for five hours (16) with subsequent 

concentration to a minimal volume and addition of ethanolic potassium hydroxide there was 

obtained 0.22 g (59$), after one recrystallization from ethanol, of 6-methyl-J-phenyl-1-(E- 

tolyl)-1,2,4_benzotriazinyl free radical (IV, R=CHs) as beautiful black crystals, m.p. l23- 

5" (C&OH) [Anal. Calcd for CsiHieNs: C, 80.74; H, 5.81; N, 13.45. Found: C, 80.81; 9, 

5.92; N, 13.74; infrared (Nujol and CH$Xn): no -NH stretching frequency; h _ (CHsOH) 

268 w k. 36,270), 329 (7,810), 374 (7,340), 495 (1,550),570 sh (700), h min 230 q~ (t 1';,770), 

301 (4,UO), 347 (4,7OOj, 475 (1,400)1. Once again, the total absence of an observable p.m.r. 

spectrum (10) together with the broadening of the tetramethylsilane reference signal is in 

accord with the observations previously noted for the 1,3-diphenyl-1,2,4_benzotriazinyl free 

radical (IV, R=H). E.P.R. spectral comparisons (3) show that IV (R=C!Hs) also exists as a 100% 

free radical in the solid state and in solution. To eliminate any vestige of residual doubt, 

6-methyl-3-phenyl-l-~~-tolyl)-1,2,4-benzotriazinyl free radical (IV, R=CHs) was also prepared 

by the original route depicted in eq. (1) (17). The black crystsls so obtained were identical 

in all respects with those isolated by the alternative route [eq. _ C2)]. The circuit was then 

completed. 

'le plan to elaborate on these results in a forthcoming publication. Clearly, the po- 

tential areas worthy of further investigation are quite broad. 
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Presented in part by H. M. Slatter at the First International Congress of Heterocyclic 
Chemistry, The University of New Mexico, Albuquerque, New MeXiCOJ June, 1967~ paper NO. 
111 of the Abstracts. 

Some leading references are: a) C. '!. Theland, "Resonance in Organic Chemistry", John 
LXley and Sons, Inc., NeiJ York, N.Y., 1955, p. 391. bj E. M. Kosor.rer and E. J. Posiomek, 
J. Am. Chem. S&c., 85, 5515 (196Jr). c) R. Kuhn, F. A. Neugebauer, and H. Trischmann, 
Monatsh. Chem., 2,726 (1967). 

The 1,4-diphenyl-1,2,4-benzotriasinyl free radical (IV, R-JI) seems to be stable indefinitely. 
The beautiful black crystals have been kept in ordinary glass vials for slightly more than 
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two years without any apparent physical or spectralchanges. The e.p.r. spectral measure- 
ments on a 10 month old sample indicated that this substance existed entirely as a 100 
percent free radical both In the crystalline state and in benzene solution. Comparisons 
were made with a standard, the 2,2-diphenyl-l-picrylhydrazyl (DPPR) free radical (see 
footnotes 4 and 5). We are Indebted to Dr. Ii. Loellger, CIRA Limited, Dasle, Switzerland, 
for the.e.p.r. results herein reported. 
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The ring closure rate did not appear to be unduly dependent upon the acid concentration of 
the solution. Our typical solutions were prepred by passfng gaseous hydrogen bromide 
rapidly through a liter of reagent grade 2-propanol for lo-15 minutes with external cooling. 

M. Rusch and R. Ruppenthal, Chem. Rer., &, 3001 (1910). The facile reductive reconversion 
of I (R=R) in our hands to benzanilide e-phenylhydrazone (Ce&$RIN=C-NR-CeHs) at atmospheric 

pressure in ethanol over lG$ W-C is in complete accord with the structural assignment. 

a) A mixture melting point with I (R=R), m.p. 101-2", was considerably depressed. b) 
All melting points given in this cosmmnication are uncorrected. 

The actual base concentration does not appear to be a crucial factor at least In a synthe- 
tic sense. A typical reaction $olution might consist of 2 g of II (R&I), 25 ml of ethanol, 
15 ml of water, and 5-6 pellets of 87.2s assay potassium hydroxide (approximately 0.7-0.9 g). 

In deuteriochloroform solution with tetramethylsilane as the internal reference at 60 Mcps. 

J. A. Pople, W. G. Schneider, and H. J. Bernstein, "High-resolution Nuclear Magnetic Resc- 
nance", McGraw-Hill Rook Co., Inc., New York, N.Y., 1959, p. 207. 

R. Rreslow and Rai Won Chang, J. Am. Chem. Sot., a, 2200 (1565). 
- 

R. H. Poirier and F. Renington, J. Org. Chem., 2, 1157 (1954). - 

Although the possibility of para bromination was excluded by the deliberate inclusion of 
methyl groups blocking the para positions, we have not rigorously eliminated the possibil- 
ity that VI is actually the meta substituted bromc isomer. Since hydrogenolysis occurs es 
desired later in the scheme, the position of the bromo atom is not germane to the overall 
concept. The introduction of a bromo atom was linked to our inability to mononitrate V 
directly. 

!l%is structure has been somewhat arbitrarily assigned since we have not attempted to sssess 
the possibilities of ring-chain tautomerism and N to N benzoyl migration. The ring closure 
[VIII -* IV (R=CHs)] would proceed in any event via the ring tautomsr regardless of the 
exact nature of VIII. 

Ultraviolet monitoring indicated a build-up of II (R&Is) [see eq. (&)I. Its spectrum was 
essentially identical, of course, to that of II (R&i). 

Full details will be presented in a forthcoming publication. The properties of all com- 
pounds encountered in the synthesis of VI (R&is) by the initial route [eq. ($1 werein 
agreement with their structures. Of the two ortho positions available for ring closure 
[I -11 (R=CHs)] it was apparent that the less hindered position was highly favored. 


