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(CHBr,) 3420,2920,1680 (s), 1660 (s), 1580,1460,1440,1315,1290 
(s), 1275 (s), 1080, 1040, 890, 850, 820, 810, 770 cm-'. 

Anal. Calcd for C9HgI06: C, 31.77; H, 2.67. Found: C, 32.22; 
H, 2.26. 

[ 2-[ 3-( Ethoxycarbonyl)-4-iodophenoxy]ethyl]triethyl- 
ammonium Bromide (23). Ethyl 5-(2-bromoethoxy)-2-iodo- 
benzoate (21) (1.00 g; 2.51 m m ~ l ) ~  and triethylamine (8 mL) were 
heated at  110 "C with stirring in a Fisher-Porter tube for 3 days. 
The triethylamine was evaporated with a stream of nitrogen, ether 
(20 mL) added, and the mixture stirred for 30 min. The solid 
was collected, washed, and dried to give 0.83 g (66%) of 23 as beige 
microcrystals: mp 176-179 "C dec; 13C NMR (CDCl,) 6 8.0 

H2N), 61.7, 62.1 (OCH,CH3, OCHzCH2N), 83.6 (Ar-C2), 117.2 
(Ad&),  119.0 (Ar-C4), 136.5 (Ar-CJ, 141.8 (Ar-C,), 156.8 (Ar-C5), 
165.9 (C=O); IR (CHBr,) 2980,2920 (s) ,  1720 (s), 1590,1560,1460 
(s), 1400, 1360, 1290 (s), 1250 (s), 1220 (s), 1100, 1060, 1010, 850 
(w), 780, 725 cm-l. 

Anal. Calcd for C17Hz,BrIN03~1.0Hz0: C, 39.40; H, 5.64; N, 
2.70. Found: C, 39.31; H, 5.19; N, 2.63. 
[2-(3-Carboxy-4-iodoxyphenoxy)ethyl]triethylammonium 

Chloride (9x). Chlorination/hydrolysis of 23 (0.26 g, 0.50 mmol) 
followed by extraction of the acidified aqueous mixture with 
CH2ClZ (2 X 5 mL), drying (MgS04), and evaporation gave a yellow 
solid (the ester of 9x (24)), which was hydrolyzed by refluxing 
with 2.5 N NaOH (0.3 mL) and methanol (3 mL) for 3 h. The 
mixture was acidified (6 N HCl) and evaporated. The resulting 
solid was triturated with absolute EtOH (3 mL), filtered, and 
evaporated to give 0.11 g (51%) of 9x as an amber glass: 13C NMR 

HzCH2N), 61.5 (OCH2CH2N), 83.6 (Ar-C2), 116.7 (Ar-C6), 118.9 
(Ar-C4), 136.2 (Ar-CJ, 141.7 (Ar-C3), 156.6 (Ar-C5), 167.4 (C=O); 
IR (CHBr,) 3600-2300 (br), 3400 (s), 2980 (s), 2920 (s), 1710 (s), 
1590, 1560, 1460 (s), 1390, 1365, 1270 (s), 1230 (br, s), 1100, 1065, 
1000 (s), 960, 880, 860, 810, 780, 740 cm-'. 

Anal. Calcd for C15H2,C11N05~1.5H20: C, 37.01; H, 5.38; N, 
2.88. Found: C, 37.06; H, 5.12; N, 2.93. 

2-Iodosyl-5-methylbenzoic ac id  ( prepared by 
AczO/HZOz; yield, 85% ; colorless microcrystals; mp 248-250 "C 
(lit.22 mp 21Ck212 "C); 13C NMR (DMSO-d6) 6 20.2 (CH,), 116.7 
(Ar-C2), 126.0 (A&,), 131.5 (Ar-C1, -c6), 135.2 (Ar-C4), 140.5 
( A d & ) ,  167.8 (C=O); IR (CHBr,) 3400-2400 (br), 1610 (br, s), 

(NCHZCH,), 14.0 (OCHZCH,), 54.2 (NCH&H,), 56.4 (OCHZC- 

(CDCl3/CD,OD) 6 7.3 (NCHZCHJ, 53.8 (NCHZCHJ, 55.8 (OC- 

1560 (br, s), 1450,1400,1310 (s), 1250,1210,1180,1120,1040 (w), 
1005 (w), 905, 820, 790, 780 cm-'. 

Anal. Calcd for C8H,I03: C, 34.56; H, 2.54. Found: C, 34.68; 
H, 2.16. 

2-Iodoxy-5-methylbenzoic acid (lox): prepared by chlori- 
nation/hydrolysis; yield, 86% ; colorless needles (acetone); mp 

89.5 (Ar-C2), 131.4 (Ar-c6), 133.2 (Ar-C4), 134.9 (Ar-C5), 137.7 
(Ar-CJ, 140.6 (Ar-C,), 168.1 ( ( 2 4 ) ;  IR (CHBrJ 3080, 2920, 1700 
(s), 1685 (s), 1660 (s), 1590, 1450, 1400, 1280 (s), 1250 (s), 1200, 
1040 (w), 1010 (w), 900 (w), 870 (w), 810, 780, 770, 720 cm-'. 

Anal. Calcd for C8H7104: C, 32.68; H, 2.40. Found: C, 32.94; 
H, 2.00. 

Registry No. 1, 304-91-6; 2, 112391-40-9; 2x, 112391-41-0; 4b 
(R = H), 131-62-4; 4b (R = OC8H17), 114185-69-2; 4b (R = OC,Hg), 

199-201 "C; 13C NMR (CDCl,/CD,OD/DMSO-d,) 6 20.3 (CH,), 

114185-71-6; 4b (R = OC12H25), 114185-73-8; 4b (R = 0- 
(CH2)2O(CH2)20CH,), 114185-75-0; 4b (R = CH,), 114185-78-3; 
4b (R = NOz), 1830-16-6; 5, 112391-38-5; 5x, 112391-39-6; 6, 
112391-36-3; 6x, 112391-37-4; 7,114185-64-7; SX, 114185-66-9; 9x, 
114185-68-1; 10,90500-13-3; lox, 112391-33-0; 11,23330-00-9; llx, 
64297-68-3; 12,64297-89-8; 13, 112391-34-1; 13~, 112391-35-2; 15, 
57772-57-3; 16, 89031-97-0; 17, 114185-61-4; 18, 114185-62-5; 19, 
114185-63-6; 21,99665-71-1; 22, 114185-65-8; 23, 114185-67-0; 31, 
52548-14-8; PNPDPP, 10359-36-1; NPIPP, 80751-39-9; PNPH,  
956-75-2; 5-(octyloxy)-l-hydroxy-1,2-benziodoxoline, 114185-70-5; 
1,3-dione, 114185-70-5; 5-butoxy-l-hydroxy-l,2-benziodoxoline- 
1,3-dione, 114185-72-7; 5-(dodecyloxy)-l-hydroxy-1,2-benziod- 
oxoline-1,3-dione, 114185-74-9; 5-(2-hydroxyethoxy)-l-hydroxy- 
1,2-benziodoxoline-l,3-dione, 114185-76-1; l-hydroxy-5-(2-tri- 
ethylammoniumethoxy)-1,2-benziodoxoline-l,3-dione chloride, 
114185-77-2; 5-methyl-l-hydroxy-l,2-benziodoxoline-l,3-dione, 
114185-79-4; 5-nitro-l-hydroxy-l,2-benziodoxoline-1,3-dione, 
114185-80-7; l-hydroxy-6-carboxy-1,2-benziodoxolin-3-one, 
1829-20-5; 6-nitro-l-hydroxy-l,2-benziodoxoline-3-one, 1830-20-2; 
6-nitro-l-hydroxy-l,2-benziodoxoline-1,3-dione, 114185-81-8; butyl 
iodide, 542-69-8; dodecyl iodide, 4292-19-7; 2-(2-methoxyeth- 
oxy)ethyl mesylate, 60696-83-5. 

Supplementary  Material  Available: Plots of absorbance 
(402 nm) vs time and log ( A ,  - A,) vs time for the hydrolysis of 
NPIPP (2 pages). Ordering information is given on any current 
masthead page. 
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A series of 4-(alkylamino)-1,2,4-triazoles transfer the alkylamino group to the 4-position of nitrobenzene and 
various 3-substituted nitrobenzenes, with no detectable ortho substitution. By contrast 2-nitrothiophene reacts 
in the 3-position and 2-nitronaphthalene in the 1-position; 1-nitronaphthalene gives a mixture of products derived 
from dominant 2- with some 4-substitution. The orientations are discussed and rationalized. 

W e  recently reported'  that nitrobenzene and a variety 
of %subs t i tu ted  nitrobenzenes could be efficiently ami-  
nated in t h e  4-position b y  4-amino-1,2,4-triazole (1) in  an 
extension of Makosza's vicarious subs t i tu t ion  sequence. 
W e  now repor t  extensions of th i s  work in  various direc- 
tions. 

Preparation of 4-(Alkylamino)-1,2,4-triazoles 3. W e  
followed two li terature methods: in  the first,2 t h e  methyl  

p-toluenesulfonates of cation 4a and of the ethyl analogue 
4b were prepared  and rearranged in to  the corresponding 
4-(methylamino)- (3a, 56%) and 4-(ethylamino)-1,2,4- 
triazoles (3b, 76%) (for t h e  designation of various com- 
pounds  of t y p e  3 see Table I). 

T h e  second me thod  for t h e  prepara t ion  of compounds  
3 is the reduction of imines 2; the N-benzyl derivative 3d 
was previously so ~ b t a i n e d . ~  Reacting 4-amino-1,2,4- 

(1) Katritzky, A. R.; Laurenzo, K. S. J .  Org. Chem. 1986, 51,  5039. (2) Becker, H. G. 0.; Timpe, H.-J. J .  Prakt. Chem. 1969,311,9. 
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products: 1-nitro-2-naphthalenamine (7) (36 %), 4-nitro- 
1-naphthalenamine (8) (26%), and 1,Bnaphthofurazan (9) 
(30%), all of which showed melting points and spectra in 

N H I  

+,CHRRX 

[J - [J 
I 1 
NHCHRR NHZ 

3 4 

a R = R  = H  
b R = H  R'=CH, 

X = CHlQSQi 

triazole with the appropriate aldehydes or ketones gave 
imines 2b-f. Imine 2d was reduced by LiA1H4, the other 
imines by NaBH,, giving the corresponding 4-(alkyl- 
amino)-1,2,4-triazoles 3a-f. This second method was more 
convenient and gave higher purity products in better yields 
than by rearrangement (cf. Table I). 

Properties of the 4-(alkylamino)-1,2,4-triazoles are re- 
corded in Table I and significant spectral details in Table 
11. 

Amination of Nitrobenzene with 4-(Alky1amino)- 
1,2,4-triazoles. Nitrobenzene reacted with the (alkyl- 
amino)triazoles in DMSO solution in the presence of po- 
tassium tert-butoxide a t  20 "C, under conditions similar 
to those used previously for the conversion of nitro- 
benzenes into 4-nitroanilines.' The N-substituted 4- 
nitroanilines 5a-f were obtained in good yields and had 
melting points in accord with literature data (Table 111). 
The reaction was extended to several 3-substituted ni- 
trobenzenes. The corresponding N,2-disubstituted 4- 
nitroanilines 6a-d were also obtained in good yields (Table 
111). 

NHR 

I NHR NO2 1 
NO? 

5 ( R ' =  H) 
B W # H I  

I3C and 'H NMR data for compounds 5, 6, and 2 are 
recorded in Tables IV, V, and VI, respectively. The aryl 
ring carbons were assigned by comparing the observed 
chemical shifts to those calculated by means of substituent 
 parameter^.^ In the 2-substituted 4-nitroaniline series, 
the observed shifts for C3 and C5 were often quite close. 
In these cases, l3C-IH heteronuclear correlation5 allowed 
the unequivocal assignment of these carbons since the 
corresponding protons were easily assigned by means of 
the coupling patterns. Coupling between the amino and 
adjacent alkyl protons was observed for the N-substituted 
4-nitroanilines (Table V) as well as for the 4-(alkyl- 
amino)-1,2,4-triazoles (Table 11), due to the reduced bas- 
icity of the amino nitrogens, which causes slow proton 
exchange.6 

Reaction of Nitronaphthalenes with 4-Amino- 
1,2,4-triazole. 1-Nitronaphthalene was converted by 4- 
amino-1,2,4-triazole under the usual conditions into three 

(3) Becker, H. G. 0.; Boettcher, H.; Roethling, T.; Timpe, H.-J. Wiss. 
Z. Tech. Hochsh. Chem. "Carl Schorlemmer" Leuna-Merseburg 1966,8, 
22. 

(4) Levy, G .  C.; Lichter, R. L.; Nelson, G. L. Carbon-13 Nuclear 
Magnetic Resonance Spectroscopy, 2nd ed.; John Wiley and Sons, Inc.: 
New York, 1980; pp 110-112, 120. 

(5) (a) Bax, A.; Morris, G. A. J .  Magn. Reson. 1981,42, 501. (b) Bax, 
A. J. Magn. Reson. 1983, 53, 517. 

(6) Rae, I .  D. Aust. J.  Chem. 1966, 19, 409. 

N - 0  

9 

accord with literature data. Hence, the dominant sub- 
stitution mode is at  the position ortho to the nitro group 
(as 9 is presumably formed by a reductive cyclization either 
of 7 or of an intermediate of type 10). Moreover, 2- 

1 0  

nitronaphthalene is converted readily into 2-nitro-l- 
naphthalenamine 11 (70%). On the other hand, 4 - 6 ~ 0 -  
propylamino)-1,2,4-triazole aminated 1-nitronaphthalene 
in the 4-position exclusively, giving N-isopropyl-4-nitro- 
1-naphthalenamine in 98% yield. 

03- NOS q NO? 

IBuOK 

N b  

1 1  

These results (except for the last) are in strong contrast 
to the nitrobenzene series where the reaction occurs only 
at  the para position. If the para position is occupied, then 
the reaction either takes another course (e.g., p-chloro- 
nitrobenzene yields 12) or more often no reaction occurs. 

Py 4 3Bp.K 4bN 
YO2 NO2 

12 

Makosza found that the ratio of ortho to para substitution 
in nitrobenzenes under VNS (vicarious nucleophilic sub- 
stitution) conditions depends largely on the steric bulk of 
the incoming carbanion.' Para substitution was preferred 
for all but the smallest reagents; as the steric bulk in- 
creases, the o/p ratio decreased, thus with tertiary car- 
banions no ortho substitution was observed, and if the para 
position was blocked, no reaction occured. However, 
Makosza also founds that with 1-nitronaphthalene, sub- 
stitution in the ortho position was generally preferred, 
although some para substitution was found for larger 
carbanions:6 thus our results are in overall agreement with 
his. 

Molecular orbital calculations at  the INDO levelg show 
that the r-electron density is significantly lower at  the 
2-position of 1-nitronaphthalene than at  the 4-position, 
while in nitrobenzene, the x-electron densities at  the ortho 

(7) Makosza, M.; Golidski, J.; Baran, J. J. Org. Chem. 1984,49, 1488. 
(8) (a) Makosza, M.; Golibski, J. Synthesis 1983, 1023. (b) Makosza, 

M.; Winiarski, J. J. Org. Chem. 1984, 49, 1494. (c )  Makosza, M.; Pan- 
kowski, J. Bull. SOC. Chim. Belg. 1985, 94, 235. 

(9) (a) Del Bene, J.; Jaff6, H. H. J. Chem. Phys. 1968, 48, 1807. (b) 
Ridley, J.; Zerner, M. C. Theor. Chim. Acta 1973, 32, 111. (c) Ridley, J. 
E.; Zerner, M. C. Theor. Chim. Acta 1976, 42, 223. 
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Table I. Preparation of 4-(Alkylamino)-1,2,4-triazoles 3 
imines 2 amines 3 

R R' yield, 70 mp, "C yield," % mp,b O C  lit. mp, O C  

a H H C 56d oile 
b H Me 100 106-1 12f 71: 94 74-719 802 
C Me Me 89 oilh 98 99-101' 
d H Ph 87 170-171' 87 102-106 108' 
e H n-Pr 87 oil 81 64-70 722 
f -(CH2)5-k 84 96-101 68 169-171' 

"By reduction of imine unless otherwise noted. bAll microcrystals except 3c and 3f needles from 1:l hexane/dioxane. 'Not prepared. 
dBy rearrangement of the quaternary salts 4; two-step yield. 'M,(calcd) = 98.0592, found 98.0598. 'No lit. mp given." gProduct of 
reduction of imine. M,(calcd) = 112.0748, found 112.0750. hNo physical data given in the literature.I2 'Anal. Found: C, 47.54; H, 8.29; N, 
45.53. Calcd for C,HlON4: C, 47.60; H, 7.99; N, 44.41. 'Lit. mp13 175 "C. kcompounds derived from cyclohexanone. 'Anal. Found: C, 
58.04; H, 8.55; N, 34.37. Calcd for C8H14N4: C, 57.81; H, 8.43; N, 33.70. 

Table 11. I4C and lH NMR Data for N-Substituted 4-Amino-1,2,4-triazoles 3" 
'H NMR data 13C NMR data 

ringb NH' R ring R 
a 8.6 6.2 (9) 3.05 (d, 3 H) 141.97 40.35 
b 8.55 6.65 (br s) 3.2 (q, 2 H), 1.1 (t, 3 H) 143.05 48.17, 12.49 
C 8.5 5.95 (d) 3.5 (m, 1 H), 1.1 (d, 6 H) 143.43 52.92, 20.18 
d 8.6 7.1 (t) 4.45 (d, 2 H), 7.55 (s, 5 H) 136.81 51.03, 130.67, 122.77, 122.28, 121.60 
e 8.4 5.85 (t) 3.15 (m, 2 H), 1.5 (m, 4 H), 0.9 (t, 3 H) 143.04 53.41, 29.38, 19.59, 13.55 
f 8.4 5.8 (d) 3.0 (m, 1 H), 1.0-1.8 (m, 10 H) 143.53 60.38, 30.65, 25.48, 23.83 

"In CDC1,. b ~ ,  2 H. c1 H; the peaks are fairly broad; coupling with the adjacent alkyl protons is observed (multiplicity indicated in 
parentheses). 

Table 111. Amination with N-Substituted 
4-Amino-1,2,4-triazoles 

yield, 
R R' 70 mp, O C  lit. mp, "C 

5a CHs H 79 149-151 151-15214 
5b 
5c 
5d 
5e 
5f 
6a 
6b 
6c 
6d 

C 2 H 5  H 81 94-96 
CH(CHJ2 H 49 82-84 
CHZPh H 17 (52)" 145-146 

C-CS H 86 98-100 
C2H6 C1 82 62-64 
CH3 I 36 128-130b 

(CH2)3CH3 H 75 55-57 

C2H5 CH3 86 95-97' 
CH, COzH 98 265-267 dec 

96-9414 
81-8214 
14715 
54-5516 
99-10117 
59.5-60.5" 

none givenlg 
258 decZ0 
263-264 decZ1 

"Based on nitrobenzene consumed. bNeedles from 1:l aqueous 
ethanol. Anal. Found: C, 29.92; H, 1.84; N, 9.69. Calcd for 
C7H7INZO2: C, 30.24; H, 2.54; N, 10.07. CNeedles from 1:l aqueous 
ethanol. Anal. Found: C, 59.66; H, 7.06; N, 15.36. Calcd for 

and para positions are comparable. Apparently, electronic 
factors favor nucleophilic substitution at t h e  2-position in 
1-nitronaphthalene unless high steric demand overcomes 
the effect ,  while in nitrobenzene steric effects play the 
major role in determining regiochemistry. Thus, the anion 
of 4-amino-1,2,4-triazole is large enough to prevent ortho 
substitution in nitrobenzene, but not in l-nitro- 
naphthalene. In the 4-isopropylamino analogue, its larger 
size directs  the substitution exclusively i n t o  the para 
posit ion i n  both cases. 

2-Nitrothiophene was converted in poor yield to 3- 
amino-2-ni t rothiophene (13) (15%) as the only isolated 

CgH12N202: C, 59.99; H, 6.71; N, 15.55. 

% 3 K  - -  <.A,- ! \A" 
13 

product. Makosza also found that 2-ni t rothiophene and 
chloromethyl  phenyl sulfone gave only the 2,3-disubsti- 
tuted product.l0 

(10) Makosza, M.; Slomka, E. Bull. Pol. Acad. Sci. Chem. 1984,32,69. 

Experimental Section 
Melting points were determined on a Hoover capillary melting 

point apparatus and are uncorrected. 'H NMR spectra were 
obtained a t  60 MHz on a Varian E M  360L NMR spectrometer, 
with TMS as internal standard. 13C NMR spectra were obtained 
on a JEOL FX-100 NMR spectrometer a t  25 MHz, referenced 
to  solvent (6 (CDClJ = 77.0, 6 (DMSO-d,J = 39.5). Two-di- 
mensional NMR spectra were obtained on a Varian XL-200 NMR 
spectrometer at  200 MHz for proton and 50 MHz for carbon. High 
resolution mass spectra were obtained on an AEI MS30 mass 
spectrometer. Combustion analyses were performed on a Carlo 
Erba 1106 elemental analyzer. 

Reagents were obtained from Aldrich with the exception of 
4-amino-1,2,4-triazole which was the generous gift of Reilly Tar 
and Chemical Co. Nitrobenzene was distilled from P205 and 
stored over molecular sieves. 4-Amino-1,2,4-triazole and sub- 
stituted nitrobenzenes were dried in vacuo over Pz06 immediately 
before use, with the exception of 4-(methylamino)-1,2,4-triazole 
and 3-nitrotoluene which were dried over molecular sieves. Po- 
tassium tert-butoxide was stored and weighed in a drybox. DMSO 
was obtained in an Aldrich Sure-Seal bottle and was transferred 
via syringe under inert atmosphere (N2 or Ar). All amination 
reactions were carried out under dry N2 or argon. 
(4-Amino-1,2,4-triazol-l-yl)alkyl p -Toluenesulfonates 4. 

4-Amino-1,2,4-triazole (0.84 g, 10 mmol) and methyl p-toluene- 

(11) Mozolis, V.; Jokubaityte, S. Liet. T S R  Mokslu Akad.  Darb., Ser.  

(12) Colautti, A.; Ferlauto, R. J.; Maurich, V.; De Nardo, M.; Nisi, C.; 

(13) Becker, H. G. 0.; Hiibner, H.; Timpe, H.-J.; Wahren, M. Tetra-  

(14) Eastes, J. W.; Aldridge, M. H.; Kamlet, M. J. J .  Chem. SOC. B 

(15) Billman, J. H.; Diesing, A. C. J .  Org. Chem. 1957, 22, 1068. 
(16) Sagitullin, R. S.; Gromov, S. P.; Kost, A. N. Zh. Org. Kh im.  1978, 

14, 1654. 
(17) Oberster, A. E.; Farhat, K.; Kibler, R. W.; Cook, W. S., Setoodeh, 

S. Y.; Smith, G. E. P., Jr. Can. J .  Chem. 1967, 45, 195. 
(18) Rohm & Haas Co. Neth. Pat. Appl. 6500626, 1965; Chem. Abstr. 

1966, 64, 6574c. 
(19) Twieg, R. J.; Jain, K. Non-linear Optical Properties of Organic 

Polymer Materials; ACS Symposium Series 233; American Chemical 
Society: Washington, DC, 1983; pp 57-80. 

(20) Unangst, P. C.; Brown, R. E.; Fabian, A,; FontSerb, F. J .  Heter- 
ocycl. Chem. 1979, 16, 661. 

(21) Morley, J. S.; Simpson, J. C. E. J .  Chem. So t .  1948, 360. 

B 1971, 79; Chem. Abstr.  1971, 75, 129725. 

Rubessa, F.; Runti, C. Chim.  Ther.  1971, 6, 367. 

hedron 1968,24, 1031. 

1969, 922. 
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Table IV. I3C NMR Chemical Shifts and Assignments for N-Substituted 4-Nitroanilines 5 and 6" 
c1 c2 c3 c4 c5 C6 R 

5a 155.15 110.27 126.01 135.66 b C 29.07 
5b 154.37 110.51 126.16 135.46 b C 37.01, 13.86 
5c 152.74 111.07 126.37 137.04 b c 44.10, 22.32 
5d 152.99 111.32 126.38 137.34 b c 47.67, 138.41, 128.95, 127.88, 127.34 
5e 153.66 111.78 126.32 137.4 b c 42.98, 30.99, 20.03, 13.64 
5f 152.64 110.97 126.32 136.85 b C 51.36, 32.55, 24.56, 25.34 
6a 148.84 117.50 125.25 137.04 124.71 108.58 38.06, 14.18 
6b 153.64 81.37 134.59 136.54 125.76 107.73 30.44 
6cd 151.57 120.72 125.88 137.09 124.62 107.51 38.06, 14.38 
6d' 155.30 109.19 128.45 134.54 129.27 111.14 29.56 

"5a, 5b, 6b, and 6d in DMSO, others in CDCl,. bEquivalent to C3. 'Equivalent to C2. dR' = CH,: 6 11.65. eR' = CO'H: 6 168.46. 

5a 
5b 
5c 
5d 
5e 
5f 
6a 
6b 
6c 
6d 

Table V. 'H NMR Chemical Shifts and Assignments for N-Substituted 4-Nitroanilines 5 and 6" 
H2 H3 H5 H6 R NHb 

8.15 (d, 2 H) 6.65 (d, 2 H) H3 H2 2.85 (d, 3 H) 7.3 (4) 
8.15 (d, 2 H) 6.75 (d, 2 H) H3 H2 3.2 (m, 2 H), 1.2 (t, 3 H) 7.35 (t) 
8.25 (d, 2 H) 6.65 (d, 2 H) H3 H2 3.8 (m, 1 H), 1.25 (d, 3 H) 4.6 (d) 
8.1 (d, 2 H) 6.8 (d, 2 H) H3 H2 4.6 (d, 2 H), 7.45 (9, 5 H) C 
8.0 (d, 2 H) 6.7 (d, 2 H) H3 H2 3.15 (m, 2 H), 1.5 (m, 4 H), 0.9 (t, 3 H) 6.5 (t) 
8.05 (d, 2 H) 6.5 (d, 2 H) H3 H2 3.35 (m, 1 H), 1.1-2.1 (m, 10 H) 4.75 (d) 

8.2 (d, 1 H) 5.02 (s) 
8.55 (d, 1 H) 8.2 (dd, 1 H) 6.6 (d, 1 H) 2.9 (d, 3 H) 6.4 (9) 
7.9 (d, 1 H) 4.4 (s) 
8.55 (d, 1 H) 8.05 (dd, 1 H) 6.7 (d, 1 H) 2.9 (s, 3 HId 8.6 (9, 2 H)' 

8.08 (dd, 1 H) 6.62 (d, 1 H) 3.32 (m, 2 H), 1.35 (t, 3 H) 

8.02 (dd, 1 H) 6.5 (d, 1 H) 3.3 (m, 2 H), 1.35 (t, 3 H) 

5c in acetone-d6; 5a, 5b, 6b, and 6d in DMSO; all others in CDC1,. 1 H; coupling with the adjacent alkyl protons is observed (mul- 
tiplicity indicated in parentheses). cResonance not observed (possibly very broad). dR' = CH3: 6 2.1 (s, 3 H). 'NH and COZH are 
superimposed. 

Table VI. I3C and 'H NMR Data for 4-(Alkylideneamino)-1,2,4-triazoles 2" 
compd 'H NMR data 13C NMR data 

R R' ringb R = He R # H  R' ring C=N R R' 
2b H Me 8.9 8.6 (4) 2.2 (d, 3 H) 138.76 161.37 18.62 16.03 
2c Me Me 8.4 2.1 (s, 3 H) 2.3 (s, 3 H) 139.04 177.98 25.29 19.49 
2d H Ph 9.1 9.05 (s) 7.85 (m, 2 H) 138.92 157.93 132.15 132.05 

7.4 (m, 3 H) 129.83 128.30 
2e H n-Pr 9.1 8.5 (t) 2.4 (4, 2 H) 138.72 174.42 34.05 18.53 

1.5 (m, 1 H) 13.51 
0.95 (t, 3 H) 

2f -( CHJ5-d 8.85 2.2-2.8 (m, 4 H) 139.74 183.29 34.90 28.96 
1.7-2.0 (br s, 6 H) 26.65 26.02 

24.52 22.09 

a In CDC13. s, 2 H. e 1 H, multiplicity in parentheses. Compound derived from cyclohexanone. 

sulfonate (1.86 g, 10 mmol) were dissolved in absolute ethanol 
(3 mL) and heated to reflux for 4 h. The ethanol was evaporated 
to give a quantitative yield of 4a as a white solid, mp 144-147 
"C. The  crude product was recrystallized from 1:l ethanol/di- 
oxane to give 2.28 g (85%) of white plates, mp 151-153 "C (lit.3 
88%, mp 157 "C): *H NMR (DMSO) 6 10.1 (9, 1 H, triazole H2), 
9.15 (s, 1 H,  triazole H4), 7.5 (d, 2 H, aryl H2,6), 7.15 (d, 2 H, aryl 
H3,5),6.6 (br s, 2 H,NHz),4.0 (s ,3  H,NCH3), 2.9 (s,3 H,ArCH3); 
13C NMR (DMSO) 6 144.97 (triazole ring), 142.97 (Cl), 138.10 
(C4), 128.20 (C3,5), 125.38 (C2,6), 38.82 (NCH3), 20.74 (ArCH,). 

Similarly, using ethyl p-toluenesulfonate, 4b was obtained in 
quantitative yield as a light yellow oil which slowly crystallized 
on standing to an off-white hygroscopic solid, mp 64-70 "C. No 
yield or physical properties of this compound were reported in 
the l i t e r a t ~ e ; ~ , ~  it was used without further purification: 'H NMR 
(CDC13) 6 10.15 (s, 1 H, triazole H2), 8.65 (s, 1 H, triazole H4), 
7.55 (d, 2 H, aryl H2,6), 7.0 (d, 2 H, aryl H3,5), 6.9 (br s, 2 H, NH2), 
4.15 (q, 2 H, NCHJ, 2.3 (s, 3 H,  ArCH,), 1.3 (t, 3 H,  CH'CH,); 
13C NMR (CDC13) 6 145.11 (triazole ring), 142.34 (Cl), 138.10 0241, 
128.25 (C3,5), 125.42 (C2,6), 47.30 (NCHp), 620.79 (ArCH,), 13.67 
(CHzCH3). 

Rearrangement of 4 into 4-(Alkylamino)-1,2,4-triazoles 3. 
For the rearrangement reaction, 4a was prepared on a larger scale 
(0.5 mol) and used without further purification. The tosylate was 
dissolved in a minimum amount of HzO and NaOH (4.0 g, 0.1 mol) 
dissolved in a minimum amount of H 2 0  was added. The solution 
was heated to 75 "C for 3 h and then evaporated to dryness in 
vacuo a t  75 "C. The solid residue was extracted with CHC1, (3 

X 50 mL) and the solvent was removed in vacuo to give 2.59 g 
(53%) of 3a as a light brown oil which was not purified further. 
The product reportedly decomposes on distillation.' 

Similarly, tosylate 4b (6.2 g, 21.8 mmol) was dissolved in HzO 
(6.5 mL) and NaOH (1.74 g, 43.6 mmol) dissolved in a minimum 
amount of water was added. The solution was heated to 75 "C 
for 3 h, then the pH was adjusted to 12 with NaOH, and the 
aqueous phase was continuously extracted, first with ether and 
then with chloroform until no more product could be recovered. 
Total yield was 1.7 g (71%) of a light yellow waxy solid. 

Preparation of Imines 2: General Synthetic Procedure. 
4-Amino-1,2,4-triazole (4.2 g, 0.05 mol) and the aldehyde or ketone 
(0.05 mol) were dissolved in absolute ethanol (40 mL) and heated 
to reflux in the presence of one drop of concentrated H2S04 [a 
two- to threefold excess of the carbonyl component was used when 
it was volatile (acetaldehyde, acetone)]. Five hours a t  reflux was 
sufficient to complete the reaction with aldehydes, while the 
ketones needed to reflux for 24 h in the presence of some 3A 
molecular sieves. The crude imines were isolated by evaporation 
of the solvent and used without further purification. 

Reduction of Imines. (a) 4-(Benzylamino)-1,2,4-triazole 
(3d). Imine 2d (0.52 g, 3.0 mmol) was dissolved in THF (20 mL, 
distilled from CaHz under Ar) in the drybox. LiAlH, (0.17 g, 4.5 
mmol) was added in portions. After 30 min at  room temperature, 
the reaction was quenched by adding a bit of ethyl acetate followed 
by water. The whole was then added to NaOH solution (final 
pH was 12) and the aqueous phase was continuously extracted 
with ether for 24 h. The ether phase was dried (NazS04) and 
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evaporated to give 0.45 g (89%) of light yellow oil which slowly 
crystallized: mp 102-106 "C (lit.' 6870, mp 108 "C). 

(b) Reduction w i t h  NaBH,. The preparation of 4-(ethyl- 
amino)-1,2,4-triazole (3b) will serve as an example of the general 
synthetic procedure. Imine 2b (4.4 g, 0.04 mol) was dissolved in 
methanol (distilled from CaH,, 40 mL). Sodium borohydride 
powder (1.51 g, 0.04 mol) was added portionwise. After the initial 
vigorous gas evolution had subsided, the mixture was heated to 
reflux for 15 min. The solvent was then evaporated and the 
residue was dissolved in a minimum amount of 1 N NaOH (final 
pH was 12). The solution was evaporated to dryness and the 
residual solids were extracted with CHC1, (3 X 50 mL). Evapo- 
ration of the solvent gave 4.4 g (98%) of white solid, mp 74-77 
"C ( l i t 2  73%, mp 80 "C). 

Amination of Nitrobenzenes wi th  4-(Alkylamino)-1,2,4- 
triazoles: General  Synthe t ic  Procedure.  A solution of po- 
tassium tert-butoxide (0.56 g, 5.0 mmol) in DMSO (5 mL) was 
added dropwise to a solution of the 4-(alkylamino)-1,2,4-triazole 
(3.0 mmol) and the nitrobenzene (2.5 mmol) in DMSO (10 mL) 
over 10-15 min at  20-25 "C. The highly colored solution was 
stirred at  room temperature for 15 min and then quenched in 
saturated NH4C1 (50 mL). The aqueous phase was extracted with 
ether (3 x 50 mL). The combined ether phases were washed once 
with water (50 mL) and then dried (MgSO,) and the solvent was 
removed in vacuo. The crude products were purified by flash 
chromatography using 230-400-mesh silica gel and petroleum 
ether/diethyl ether mixtures of varying proportions (1:l to 4:1), 
with the exception of 6d which was purified by recrystallization 
from 1:l aqueous ethanol. If necessary, the other products were 
also further purified by recrystallization. The products were light 
to deep yellow needles with the exception of N-benzyl-4-nitro- 
aniline (5d), which gave deep yellow plates. 

Amination of 1-Nitronaphthalene. (A) 1-Nitronaphthalene 
(0.43 g, 2.5 mmol) was added to a solution of potassium tert- 
butoxide (0.56 g, 5.0 mmol) and 4-amino-1,2,4-triazole (0.84 g, 10 
mmol) in DMSO (10 mL). After 15 min at  room temperature, 
the reaction was worked up as described above. Three products 
were isolated from the crude product mixture by flash chroma- 
tography using 1:l  petroleum ether/diethyl ether. l-Nitro-2- 
naphthalenamine (7) was the major product: 0.17 g (36%), R, 
0.23, mp 124.5-125 "C (lit."mp 126-27 "C). After recrystallization 
from 50% aqueous ethanol the melting point was 125-126 "C. 
Anal. Found: C, 64.12; H,  4.24; N, 14.82. Calcd for CloHBN202: 
C, 63.83; H, 4.26; N, 14.89. 'H NMR (a~e t0ne -d~) :  6 8.55 (dd, 
1 H),  7.86 (d, 1 H),  7.78 (dd, 1 H),  7.59 (m, 1 H),  7.36 (m, 1 H,  
plus NH', broad), 7.22 (d, 1 H).  13C NMR (DMSO): 6 146.87, 
135.61, 129.03, 128.15, 127.76, 126.45, 124.35, 123.18, 122.16, 119.28. 

Also obtained was 4-nitro-1-naphthalenamine (8), 0.12 g (26%), 
mp 184.5-87 "C (lit.', mp 190.5-91.5 "C). After two recrystal- 
lizations from 50% aqueous ethanol the melting point was 190-191 
"C. Anal. Found: C, 63.76; H,  4.25; N, 15.02. Calcd for 
C10H8N202: C, 63.83; H,  4.26; N, 14.89. 'H NMR (acetone&): 
6 8.94 (dd, 1 H),  8.38 (d, 1 H),  8.28 (dd, 1 H), 7.75 (m, 1 H),  7.56 
(m, 1 H),  6.82 (d, 1 H, plus NH', broad). 13C NMR (DMSO): 6 
153.69, 131.76, 130.40, 127.96, 124.99, 123.57, 123.38,120.65, 105.34. 

The third product was 1,2-naphthofurazane (9), 0.13 g (30%), 
Rf0.58, mp 77-77.5 OC (lit.% mp 78-79 "C). After recrystallization 
from 50% aqueous ethanol, white needles were obtained, mp 78-79 
"C. Anal. Found: C, 70.35; H, 3.53; N, 16.24. Calcd for C,&,N,O: 
C, 70.59; H, 3.52; N, 16.47. 'H NMR (CDC13): 6 8.2 (m, 1 H, H3), 
7.3 (m, 5 H); 13C NMR (CDCl,): 6 148.35, 148.21, 132.90, 130.66, 
129.15, 125.54, 121.25, 113.11. 

(B) A solution of potassium tert-butoxide (0.56 g, 5.0 mmol) 
in DMSO (10 mL) was added dropwise to a solution of l-nitro- 
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naphthalene (0.43 g, 2.5 mmol) and 4-(isopropylamino)-l,2,4- 
triazole (0.38 g, 3 mmol) in DMSO (10 mL) over 10-15 min a t  
25-30 "C. After 15 min at  room temperature, the reaction mixture 
was poured into 50 mL of saturated NH,Cl and extracted with 
ether (3 X 50 mL). The organic phase was washed with H 2 0  (50 
mL), dried (MgSO,), and evaporated. The crude product was 
purified by flash chromatography using 1:l petroleum ether/ether) 
to give 0.54 g (93%) of N-isopropyl-4-nitronaphthalenamine, mp 
134-136 "C. Anal. Found: C, 67.42; H, 6.38; N, 11.92. Calcd 
for C13H14N202: C, 67.81; H,  6.13; N, 12.17. 'H NMR (CDC1,): 
6 9.15 (dd, 1 H, H8), 8.6 (d, 1 H, H2), 7.6-8.1 (m, 3 H, H5,6,7), 
6.55 (d, 1 H, H3), 5.3 (br s, 1 H, NH), 4.0 (m, 1 H, CH), 1.5 [s, 
6 H, (CH3)2]. 13C NMR (CDCI,): 6 148.89, 134.27, 129.64, 127.88, 
125.54, 124.86, 121.59, 119.99, 101.42, 44.54, 22.46. 

Amination of 2-Nitronaphthalene. A solution of potassium 
tert-butoxide (0.56 g, 5.0 mmol) in DMSO (10 mL) was added 
dropwise to a solution of 2-nitronaphthalene (0.43 g, 2.5 mmol) 
and 4-amino-1,2,4-triazole (0.84 g, 10 mmol) in DMSO (10 mL) 
over 10-15 min at  25-30 "C. After 15 min at  room temperature, 
the reaction mixture was poured into 75 mL of saturated NH,Cl. 
An orange solid precipitated which was filtered and dried; yield 
0.51 g (109%). A portion of the crude product (0.37 g) was 
recrystallized from aqueous ethanol to give 0.24 g (66% recovery, 
overall 70% yield) of 2-nitro-1-naphthalenamine (1 1) as or- 
ange-brown needles, mp 139.5-140.5 "C (lit.25 mp 144 "C). A 
second recrystallization including treatment with decolorizing 
charcoal gave orange needles, mp 140-141 "C. Anal. Found: C, 
63.70; H,  4.30; N, 15.70. Calcd for CloH8N202: C, 63.83; H, 4.26; 
N, 14.89. 'H NMR (acetone-d6): 6 8.48 (d, 1 H),  8.28 (br s, 2 H), 
8.02 (d, 1 H), 7.86 (dd, 1 H), 7.75-7.58 (m, 2 H),  7.12 (d, 1 H). 
13C NMR (acetone-d6): 6 146.04, 137.36, 131.03, 129.32, 127.13, 
124.64, 124.45, 122.16, 117.09. 

Amination of 2-Nitrothiophene. A solution of potassium 
tert-butoxide (0.56 g, 5.0 mmol) in DMSO (10 mL) was added 
dropwise to a solution of 2-nitrothiophene (0.32 g, 2.5 mmol) and 
4-amino-1,2,4-triazole (0.84 g, 10 mmol) in DMSO (10 mL) over 
10-15 min at  25-30 "C. The reaction was more exothermic than 
usual; the temperature was controlled by means of a cool water 
bath. After 15 min at room temperature, the dark brown reaction 
mixture was poured into 75 mL of saturated NH4C1. A brown- 
black solid precipitated which was filtered out to facilitate the 
separation of layers; then the aqueous phase was extracted as 
usual. After purification by flash chromatography, 54 mg (15%) 
of 2-nitro-3-thiophenamine (13) was obtained, mp 158-159 "C 
(lit.26 mp 158 "C). Anal. Found C, 33.55; H, 2.72; N, 19.04. Calcd 
for C4H,N2O2S: C, 33.33; H,  2.78; N, 19.44. 'H NMR (CDCI,): 
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