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was treated with a 1:l mixture of ethanolamine and acetaldehyde 
in aqueous solution to afford the following products. 

34 (p -Nitrophenyl)azo]-2-methyl-1,3-oxazolidine (8): 28 % ; 
mp 75-78 OC (ether/petroleum ether, yellow prisms); 'H NMR 
1.68 (3 H, d, J = 5 Hz, CH,), 3.8-4.5 (4 H, m, CHzCH,), 5.4 (1 
H, q, J = 5 Hz, CH), 7.6, 8.3 (4 H, AA'BB', arom, JAB = 9 Hz) 
PPm. 

3-[ (p-Cyanophenyl)azo]-2-methyl-l,3-oxazolidine (9): 7%; 
mp 65-67 "C; 'H NMR 1.64 (3 H, d, J = 5.3 Hz, CH3), 3.78 (1 
H, dt, J = 12.2, 7.9 Hz), 3.92 (1 H, m) (NCH,), 4.07 (1 H, dt, J 

5.32 (1 H, q, J = 5.3 Hz, CH), 7.50, 7.62 (4 H, AA'BB', arom, JAB 
= 8.6 Hz) ppm; I3C NMR 20.55 (CH,), 46.25 (NCH,), 65.94 
(OCH2), 89.15 (NCHO), 109.61 (C=N), 120.28, 122.20, 134.01, 
154.91 (arom) ppm. This product was obtained as an oil, which 
was purified by column chromatography on Hi/Flosil silica gel 
(60/200 mesh). Elution of the column began with pure naphtha, 
and the polarity slowly increased with naphtha/chloroform 
mixtures (up to 30% CHC13). The fractions of the oxazolidine 
were combined and evaporated to afford an oil, which crystallized 
slowly after 2 days. The crystals were separated by washing with 
cold pentane to give the pure product. Anal. C, H, N. 

1,3-Oxazolidino[3,2-c]-3,4-dihydrobenzo-1,2,3-triazine (21). 
2-Aminobenzaldehyde (0.10 mmol) was dissolved in CHCl, (30 
ml) and the mixture added to a solution of sodium nitrite (0.10 
mmol) in water (20 ml). The two-phase mixture was cooled to 
0 "C and stirred vigorously, while a solution of concentrated 
hydrochloric acid (2.5 mL) in water (25 mL) was added dropwise. 
The resulting mixture was stirred for 1 h, and the two layers were 
separated; the chloroform layer was extracted with water (20 mL). 
The combined aqueous fractions, containing the o-formyl- 
benzenediazonium salt, were cooled to 0 "C and treated slowly 
with a cold solution of ethanolamine (0.11 mmol) in water (10 
d) neutralized with hydrochloric acid. The cold aqueous mixture 
was then rendered basic with a saturated solution of sodium 
carbonate (20 mL), and the oil which separated was extracted into 
chloroform. The chloroform extracts were washed with water, 
dried, and evaporated to afford the oxazolidinotriazine 21: 0.36 
g (20%); oil; 6 (CDC1,) 3.04 (1 H, dd, J = 4.6 and 9.3 Hz), 3.41 

and 15 Hz), 4.51 (1 H, ddd, J = 4.7, 12.5, 14.8 Hz) (OCHJ, 6.18 
(1 H, s, CH), 7.41 (d, J = 8.0 Hz), 7.52 (t, J = 7.4 Hz), 7.56 (t, 
J = 7.9 Hz), 7.71 (d, J = 7 Hz) (4 H, arom) ppm; 13C NMR 6 
(CDCl,) 55.84 (NCHJ, 61.5 (OCHJ, 78.2 (CH), 115.85,125.5,126.8, 
130.2, 137.9, 156.9 (arom) ppm. 

= 8.7, 7.0 Hz), 4.35 (1 H, ddd, J = 3.35, 7.44, 8.93 Hz) (OCHZ), 

(1 H, ddd, J = 3.2, 9.4, 12.5 Hz) (NCHZ), 3.60 (1 H, dd, J = 2.3 

5-Methyl-1,3-oxazolidino[3,2-c ]-3,4-dihydrobenzo-1,2,3- 
triazine (22). Reaction of the o-formylbenzenediazonium salt, 
as for 21, with 1-amino-Zpropanol affords 22 (51%): oil; 'H NMR 

(3 H, m, OCHCH,N), 5.45, 5.58 (1 H, singlets, CH), 7.25-7.90 (4 
H, m, arom) ppm. The doubling of the C-5 methyl and C-2 proton 
in 22 arises from the diastereoisomerism of this compound. 
Tetrahydro-l,3-oxazino[3,2-c ]-3,4-dihydrobenzo-1,2,3-tri- 

azine (23). Reaction of the o-formylbenzenediazonium salt, as 
for 21, with 3-amino-1-propanol affords 23 (50%): mp 76-78 "C; 
'H NMR 6 1.72 (1 H, dq, J = 1.3, 12.3 Hz), 2.33 (1 H, m) (CCH,C), 
3.85 (1 H, dt, J = 3.2, 16.1 Hz), 4.12 (1 H, m) (NCHz), 4.12 (1 H, 
m), 4.53 (1 H, dd, J = 4.85,13.7 Hz) (OCH2), 5.79 (1 H, s, OCKN), 
7.27 (1 H, d, J = 7.1 Hz), 7.44 (1 H, t, J = 7.5 Hz), 7.53 (1 H, t, 
J = 8.5 Hz), 7.68 (1 H, d, J = 8.1 Hz) (aromatic) ppm. Anal. C, 
H. N. 

1.18 (d, J = 6.0 Hz), 1.38 (d, J = 5.3 Hz) (3 H, CH3), 3.30-5.00 
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Aryltriazenes react with aromatic solvents in the presence of trifluoroacetic acid to produce biaryls. The 
mechanism of the reaction involves the formation of arenediazonium trifluoroacetates which lose nitrogen to 
give mainly aryl radicals. 

The aryltriazenes, l-aryl-3,3-diaklyltriazene (l), have a  acid^.^-^ Aryltriazene chemistry heightened in the 1940s 
when Hey" et al. and later Ronde~ tved t~~  et al. discovered 
the use of aryltriazenes as diazonium salt equivalents for 

1 (2) (a) Wallach, 0. Justus Liebigs Ann. Chem. 1886, 235, 233. (b) 
Wdlach, 0. Ibid. p 255. ( c )  Wallach, 0.; Heusler, F. Ibid. 1888,243, 219. 

(3) Goldschmidt, 0.; Badl, L. Ber. Deutsch. Chem. 1889,22, 95. 
1905, (4) 38, (a) 670. Dimroth, (c) Ibid. 0. Ber. 1907, Deutsch. 40, 2390, Chem. Ges. 1903,36,909. (b) Ibid. 

(5) Hunter, L. J. Chem. SOC. 1937, 1, 320. 
(6) Elks, J.; Hey, P. J. Chem. SOC. 1943, I, 441. 
(7) (a) Rondestvedt, C. S., Jr.; Vogl, 0. J. Am. Chem. SOC. 1955, 77, 

3067. (b) Rondestvedt, C. S., Jr.; Blanchard, R. Ibid. 1955, 77, 1769. 

long and interesting background dating to 1875.' The 
early chemical studies of aryltriazenes involved their 
synthesis, structure, and decomposition with mineral 

(1) Baeyer, A.; Jaeger, C. Ber. Deutsch. Chem. Ges. 1875,8, 148. 
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Table I. Yields and Properties of Biaryls 
triazene subst solv mp. "C lit.a mp, O C  yield? % GB: % PTGBd % 

H benzene 68-69 71 40 22 62 
4-CH3 benzene 46-47 49-50 50 22 73 

47.7 
4-OCH3 
4-0CzH5 
4-O-N-Bu 
4-CzH5 
4-F 
2,4-F2 
4 4 1  
4-Br 
4-1 
4-NO2 
4-COCH, 
4-CHa 

4-CH3 
H 
4-CH3 
4-CH3 

benzene 
benzene 
benzene 
benzene 
benzene 
benzene 
benzene 
benzene 
benzene 
benzene 
benzene 
thiophene 

nitrobenzene 
p-xylene 
bromobenzene 
pyridine 

86 

70-72 
72-74 

36-37 
71-72 
59-61 
76-77 
89-90 

112 
112-113 
119-120 
66-68 

122-126 

127-30 
1.5819 

oil 

90 
72-73 

NRf 
33-34 
74.5 
61-69 
77 
91 

113-114 
114 
121 
63-65 
77-7Sh 

NR' 
NRb 
13g 
oilk 

41 
65 
72 
39 
61 
36 
49 
45 
63 
66 
67 
26 

17 
78 
35 
57 

25 
29O 
NR 
NR 
NR 
NR 
40 
44 
NR 
60 
NR 
11 

NR 
NR 
28 
NR 

80 
NR 
NR 
50 
60 
NR 
80 
81 
NR 
85 
NR 
NR 

NR 
NR 
NR 
50 

OMelting points are taken from ref 24 or from the "CRC Handbook of Chemistry and Physics", 59th ed.; CRC Press: Cleveland, 
1978-1979. bIsolated yields of pure biaryl based on the aryltriazene. 'Yields reported by Gomberg and Ba~hmann . '~  dYields of phase- 
transfer catalyzed Gomberg-Bachmann reaction.w eHaworth, J. W.; Hey, D. H. J. Chem. SOC. 1940,361. fNew compound gave satisfactory 
analytical data. NR = not reported. #Utne, T.; Johnson, R.; Lowell, H. U.S. Patent 3 992 459, 1976. 2-p-Tolylthiophene: Hartough, D. 
"Thiophene and Ita Derivatives, The Chemistry of Heterocyclic Compounds"; Interscience: New York, 1954; p 468. 'Mixture of 90% 
4-CH3,3'-N02 and 10% 4-CH3,4'-N02. j4-CH3,4-Br exclusively. kMixture of 60% a and 40% 8. 

the Gomberg and Pschorr reactions and the M e e r ~ e i n ~ ~  
arylation, but the reactions were unable to compete syn- 
thetically with classical diazonium ion methods.- Studies 
also appeared about the use of aryltriazenes as alkylation 
agents.lOJ1 A rebirth began in the 1970s for aryltriazenes 
when reports appeared about their use in the preparation 
of radiolabeled aryl fluorides and aryl iodides.12-17 Tewson 
and Welch reported the preparation of aryl fluorides from 
aryltriazenes and cesium fluoride in methanesulfonic 
acid,laa and they further reported the synthesis of 18F- 
ha10peridol.l~~ Recently, Barrio et al.14 and Foster, 
Heindel, et al.15 reported new methodology for the prep- 
aration of aryl iodides from aryltriazenes. These new 
methods have received attention in the synthesis of ra- 
diolabeled aryl iodides of interest as pharmaceuticals and 
as imaging agents. 

Nuclear magnetic resonance spectroscopic studies of 
aryltriazenes have been directed toward understanding the 
rotational barriers'"lg and electronic characteristics20-22 

(8) Johnson, A. J. Chem. SOC. 1946, I ,  895. 
(9) Pochinock, V.; Sheuchenko, 0 Ukr. Khim. Zh. (Russ. Ed.) 1954, 

(10) White, E.; Scherrer, H. Tetrahedron Lett. 1961,21, 758. 
(11) Baumgarten, R. J. Org. Chem. 1967,32,484. 
(12) Rosenfeld, M.; Widdowson, D. J. Chem. SOC., Chem. Commun. 

1979,914. 
(13) (a) Tewson, T.; Welch, M. J. Chem. SOC., Chem. Commun. 1979, 

1149. (b) Tewson, T.; Raichle, M.; Welch, M. Brain Res. 1980,192,291. 
(14) (a) Ku, H.; Barrio, J. J. Org. Chem. 1981, 46, 5239. (b) Barrio, 

J.; Satyamurthy, N. J. Chem. SOC., Chem. Commun. 1983,443. (c) Barrio, 
J.; Satyamurthy, N. J. Org. Chem. 1983,48,4394. (d) Barrio, J.; Ku, H. 
J .  Nucl. Med. 1981,22, 13. 

(15) (a) Foster, N.; Heindel, N.; Burns, H.; Muhr, W. Synthesis, 1980, 
572. (b) Foster, N.; Dannels, R.; Burns, H.; Heindel, N., J. Radioanal. 
Chem. 1981,65,95. 

(16) Ng, I.; Katzenellenbogen, J.; Kilbourn, M. R. J. Org. Chem. 1981, 
46, 2520. 

(17) (a) Goodman, M. M.; Knapp, F. F., Jr. J. Org. Chem. 1982, 47, 
3004. (b) Goodman, M. M.; Knapp, F. F., Jr.; Elmaleh, D. R.; Strauss, 
H.W. Zbid. 1984.49. 2322. 

20, 289; Chem. Abstr. 1956,50, 272g. 

(18) Akhtar, M.; McCaniel, R.; Feser, M.; Oehlechlager, A. Tetrahe- 

(19) Marullo, N.; Mayfield, C.; Wagener, E. J. Am. Chem. SOC. 1968, 

(20) Axenrod, T.; Maniaracina, P.; Pregosin, P. S. Helu. Chim. Acta 

(21) Dunn, W.; Lins, C.; Kumar, G.; Manimaran, T.; Grigoras, S.; 

dron 1968,24, 3899. 

90,510. 

1976, 59, 1655. 

Edland, U.; Wold, S. Org. Magn. Reson. 1983,21, 450. 

of the intriguing triazene system. 
The Gomberg-Bachmann biaryl synthesis uses arene- 

diazonium ions in an aqueous heterogeneous mixture of 
the aromatic reactant and base.23 The erratic yields of 
the Gomberg-Bachmann reaction are a t  least in part be- 
cause of the instability of arenediazonium salts and the 
many competing side reactions. Hey et a1.6 and Ron- 
destvedt et al.' attempted to use aryltriazenes as arene- 
diazonium ion synthons in reactions that produced biaryls. 
Their reactions also gave low yields of biaryls because of 
heterogeneous conditions and high reaction temperatures. 

We have observed that biaryls can be prepared in 
moderate to good yields by the reaction of 1-aryl-3,3- 
(pentanediy1)triazenes (2) with an aromatic solvent in a - - 

\ 

L 

homogeneous reaction at 65 O C  promoted by trifluoroacetic 
acid (eq 1). The results for 18 triazenes, given in Table 

- -  
I, show that yields are better than those obtained by the 
Gomberg-Bachmann reaction and approach the yields 
obtained recently by Gokel in a phase-transfer catalyzed 
Gomberg-Bachmann reaction.24 Furthermore the han- 
dling of aryltriazenes is completely safe as contrasted with 
the hazards of handling arenediazonium salts, and the 
aryltriazenes CM be stored conviently for long durations. 
Also the nonaqueous acidic conditions used with aryltri- 
azenes prevent many of the side reactions, phenol and 

(22) Patrick, T. B.; Willaredt, R. P. J. Org. Chem. 1983, 48, 4415. 
(23) (a) Gomberg, M.; Bachmann, W. J. Am. Chem. SOC. 1924, 46, 

2339. (b) Bachmann, W. E.; Hoffman, R. A. Og.  React. (N.Y.) 1944,2, 
224. 

(24) Beadle, J. R.; Korzeniowski, S. H.; Rosenberg, D. E.; Garcia- 
Slanga, B. J.; Gokel, G. W. J. Org. Chem. 1984,49, 1594. 
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indazole formation, observed under the aqueous basic 
conditions of the Gomberg-Bachmann reaction. Although 
isolation of an aryltriazene requires an additional step, it 
assures that impurities in the starting amine will be re- 
moved. Furthermore, the yields reported in Table I may 
be improved by the additions of certain reagents, e.g., 
palladium and iodine, which were studied subsequent to 
our initial conditions as described later in this paper. 

Mechanism 
Arenediazonium ions are well-known to decompose 

through aryl cations and aryl r a d i ~ a l s . ~ ~ ? ~ ~  Similarly, 
aryltriazenes are thought to produce arenediazonium ions 
which react by loss of nitrogen to produce aryl cations and 
 radical^.^^^ Barrio et al. studied the decomposition of 
aryltriazenes in acidic medium and showed that the rela- 
tive proportions of the two species were affected by the 
reaction solvent. Their results suggest that a nonpolar 
solvent would favor formation of aryl rad i~a1s . l~~  

The reaction of 1 -p-tolyl-3,3- (pentanediy1)triazene (3) 
in benzene solution at  65 "C produces 1 equiv of nitrogen 
gas within 3 h, and 4-methylbiphenyl can be isolated in 
65% yield. When the reaction is conducted in cold 
benzene (6-10 "C), a white crystallize diazonium salt, 
p-toluenediazonium trifluoroacetate (4a), is isolated in 
80% yield when trifluoroacetic acid is used, and the p- 
toluenediazonium trifluoromethansulfonate (4b) is isolated 
in 79% yield when trifluormethanesulfonic acid is used, 
but a diazonium salt cannot be obtained from methane- 
sulfonic acid. Both salts shows remarkable stability and 
can be kept in a freezer without apparent deterioration for 
several months. Reaction of the salts with warm benzene 
(60 OC) produces 4-methylbiphenyl in 20% yield from only 
the trifluoroacetate, but the trifluoromethanesulfonate fails 
to produce 4-methylbiphenyl. 

Patrick, Willaredt, and DeGonia 

3 

CH3*NZ+X- 

40, X =CF3COO- 
b, X=CF,SO; 

Consistently, only trifluoroacetic acid is effective in 
biphenyl production from aryltriazenes, as neither tri- 
fluoromethanesufonic acid nor methanesulfonic acid is 
successful. A solution of trifluoroacetate in D,O decom- 
poses with nitrogen evolution over a period of 4 days to 
produce deuterated p-cresol and trifluoroacetic acid 
quantitatively. 

A study of the effect of reaction temperature and ad- 
ditives on the yield of 4-methylbiphenyl from 3 is pres- 
ented in Table 11. Most notable, radical inhibitors are 
observed to reduce the yield of 4-methylbiphenyl by up 
to 35%. But curiously trace iodine actually increases the 
yield of biaryl by 17%. Palladium additives, which can 
operate by catalyzing the loss of nitrogen,2s improve the 
reaction yield 10-15%. We did not apply the additive 
study to all the compounds shown in Table I, but it is likely 
that those yields would be improved by the inclusion of 
additives, especially palladium acetate. 

The results thus indicate that a free radical process 
involving aryl radicals is involved in the reaction mecha- 

(25) Hegarty, A. F. In "The Chemistry of Diazonium and Diazo 

(26) Nogira, K.; Kikukawa, K. J.  Org. Chem. 1980, 45, 2365. 
Groups"; Patai, S., Ed., Wiley; New York, 1978; Chapter 12. 

Table 11. Additive Effect on Biaryl Yield 
additive' % yieldb additive" % yield* 

UV light 55 I2 (150 mg) 30 
dark 28 I2 (732 mg) 20 
25 "C 16 5% Pd on Carbon 65 
40 "C 31 Pd(0Ac)p 60 
65 "C 50 Zn dust 57 
0 2  35 Th(0Ac)z 50 
hydroquinone 15 Zn(C104)2 50 
12 (10 mg) 67 

'Compound 3 (6.09 g, 0.03 mol), additive (10 mg), trifluoroacetic 
acid (4.6 mL, 0.06 mol), 3 h; benzene, 300 mL; temperature, 65 "C 
unless otherwise stated. * Isolated yield of 4-methylbiphenyl. 

nism. Several further results also substantiate this con- 
clusion. When 3 is allowed to react with trifluoroacetic 
acid in a equal molar mixture of benzene and hexane, the 
yield of 4-methylbiphenyl is reduced to 20%, and toluene 
is obtained in 30% yield. Toluene is likely produced 
through hydrogen abstraction from hexane by the p-tolyl 
radical. 

Furthermore, reactions of 3 with benzene or of 1- 
phenyL3,3-(pentanediyl)triazene with toluene do not 
produce radical dimerization products, diphenylmethane 
or bibenzyl. A similar reaction reported by Rondestvedt7 
et al., who decomposed the phenyltriazene in toluene so- 
lution with acetic acid at  160 O C ,  did produce both di- 
phenylmethane and bibenzyl. Apparently, our reaction 
conditions produce free radicals at a much lower concen- 
tration than do the conditions reported by Rondestvedt 
and could be the reason for the improvement of yields in 
our case. 

In a study of the relative reactivity of the intermediate 
species generated from the phenyltriazene, pairs of reac- 
tants are allowed to compete in the reaction. The results 
show that toluene reacts 1.5 times the rate of benzene while 
chlorobenzene reacts 0.42 times the rate of benzene. In 
electrophilic reactions relative reactivities are much more 
amplified. For example, the review by Brown and 
shows that toluene reacts 1.6-1650 times faster than the 
rate of benzene whereas chlorobenzene reacts 0.01-0.2 
times slower than the rate of benzene. More consistent 
with our results are the aromatic phenylation results of 
Hey et al.,% who observed reactivity of 1.23 for toluene and 
1.06 for chlorobenzene relative to benzene. Thus the 
overall results of our studies clearly show that aryl radicals 
are produced as intermediates in our reaction. However 
this doe not rule out the possibility that a small portion 
of the reaction still proceeds through aryl cations. 

The selectivity of biaryl formation was studied by using 
several substrate solvents which could yield several possible 
isomers. In the cases of thiophene or bromobenzene as 
substrates only one isomer was obtained. However, ni- 
trobenzene and pyridine gave mixtures of isomers. Thus, 
in comparison with Gomberg-Bachmann methods, which 
always produce mixtures, the aryltriazene method shows 
some selectivity. Although both of the methods involve 
aryl radicals, it is likely that the aryltriazene method 
generates radicals at lower concentrations and could be the 
reason for selectivity differences. 

Experimental Section 
Melting pointa were taken on a Hoover melting point apparatus 

and were uncorrected. 'NMR spectra were obtained on a Per- 
kin-Elmer R24B (60 MHz) instrument in CDClB solution with 
internal ktramethylsilane (8  0.0) aa a reference standard. Infrared 

(27) Stock, L. M.; Brown, H. C. Ado. Phys. Org. Chem. 1963,1, 35-154. 
(28) Hey, D. H.; Orman, S.; Williams, G. H. J. Chem. SOC. 1961, 561. 
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8 Hz, Ar); 13C NMR (15 MHz, DzO) 6 0.0 (CH,), 93.26 (9, J = 
289 Hz, CF,), 109,111, 134 (Ar), 139 (4, J = 37 Hz, C-0); 19F 
NMR (84.26 MHz, DzO) 4 -69.9 (a, CF,); IR (Nujol) 2260 cm-' 
(N+=N). 

(p -Toluene)diazonium Trifluoromethanesulfonate (4b). 
The procedure used was the same that described for 4a except 
that trifluoromethanesulfonic acid was used: yield 6.35 g (79%); 
mp 63-65 "C; 'H NMR (DzO) 6 2.0 (5, CH,), 7.2 (d, J = 8 Hz, Ar), 
7.7 (d, J = 8 Hz, Ar); 13C NMR (DzO) 6 0.0 (8, CH,), 97.98 (q, J 
= 317 Hz, CF3), 109.8, 110, 134 (Ar); IR (Nujol) 2230 cm-' (N+- 
=N) * 

Biaryl Preparation. General Procedure. l-Phenyl-3,3- 
(pentanediy1)triazene (6.09 g, 0.03 mol) and 300 mL of dry benzene 
were placed in a "L three-necked flask fitted with an addition 
funnel and condenser. The solution was heated to 65-70 "C, and 
trifluoroacetic acid (4.62 mL, 0.06 mol) was added dropwise over 
10-15 min. The solution darkened and nitrogen gas evolved over 
3 h. The cooled solution was added to 300 mL of 5% sodium 
carbonate solution, followed by extraction with ether (three 
300-mL portions). The ether was removed under vacuum, and 
the resulting product was chromatographed over a column of 
alumina (15 in. X 1 in.) with 3:l hexane/methylene chloride as 
eluent. The biaryl was obtained in a long yellow band which eluted 
f is t .  Removal of the solvent gave pure biphenyl (1.85 g, 40%): 
mp 68-69 "C. Yields and properties of all the biphenyls prepared 
in this manner are given in Table I. 
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C H ~ O C B H ~ C ~ H ~ ,  613-37-6; p-CH&H20C6H,NHz, 156-43-4; p -  
CH3CH2OC6H4C6H5, 613-40-1; ~ - B u O C ~ H ~ N H ~ ,  4344-55-2; p -  
BUOCGH~C~H~,  6842-78-0; p-CzHSC6H4NH2, 589-16-2; p -  
C Z H ~ C B H ~ C ~ H ~ ,  5707-44-8; P -FC~H~NH~,  371-40-4; p-FCeH&H5, 
32474-3; 2,4-F&6H4NHz, 367-25-9; ~ ,~ -FZC~H,C,H~,  37847-52-2; 
p-ClC&4NH2,106-47-8; p-C1C6H4C6H5, 2051-62-9; p-BrC6H4NH2, 
106-40-1; p-BrC6H4CBH5, 92-66-0; p-IC6H4NHz, 540-37-4; I)- 
IC&&&, 1591-31-7; p-o2NC&NH2, 100-01-6; p-o2Nca&&,, 
92-93-3; p-CH&OC&NHZ, 99-92-3; p-CH&OC&C,H,, 92-91-1; 
~ - C H ~ C ~ H ~ C ~ H ~ N O Z - ~ ,  53812-68-3; ~ - C H ~ C & C & ~ N O Z - ~ ,  
2143-88-6; 2,5-(CH3)2C~H&6H5, 7372-85-2; p-CH,C6H4C6H4Br-p, 
50670-49-0; aniline, 62-53-3; piperidine, 110-89-4; benzene, 71-43-2; 
biphenyl, 92-52-4; thiophene, 110-02-1; 2-p-tolylthiophene, 
16939-04-1; nitrobenzene, 98-95-3; p-xylene, 106-42-3; bromo- 
benzene, 108-86-1; pyridine, 110-86-1; 2-p-tolylpyridine, 4467-06-5; 
3-p-tolylpyridine, 4423-09-0. 

Table 111. Yields and Properties of 
1-(4R-Aryl)-3,3-(pentanediyl)triazene 
R % yield mp, "C 

H 81 
CH3 86 

OCH3 83 
OCZH5 82 
OCIHB 69 
COCH, 65 
C1 87 
Br 87 
I 72 
F" 67 

C2H6 75 

2,4-FZb 79 
NO2 79 

'"F NMR (84.26 MHz) 4-117.9 VS. CFClp 
MHz) 6-115.3, -124.1 VS. CFCIP 

30-40 
41-43 
46-47 
29-31 
51-53 
37-39 
65-66 
39-41 
55-56 
61-62 
26-27 
58-60 
87-88 

blq NMR (84.26 

spectra were obtained on a Perken-Elmer 710-B spectrophotom- 
eter. Refractive indexes were taken on a Bauach and Lomb 
refractometer with the sodium D line as reference at a temperature 
of 20 "C. 

Aromatic amines were used as obtained from commercial 
sources. Trifluoroacetic acid was obtained in 99% purity from 
Aldrich Chemical Co. Benzene was dried by distillation from 
lithium aluminum hydride and then stored over 4-A molecular 
sieves. 

Aryltriazenes. General Method. Aniline (9.11 mL, 0.10 mol) 
was added to 300 mL of 1 M hydrochloric acid at  room tem- 
perature. The solution was stirred and cooled to 0 "C. After 15 
min, sodium nitrite (6.90 g, 0.10 mol) in 50 mL of water was added 
slowly to the stirred mixture. After 30 min at 0 "C, the mixture 
contained a yellow solid. Piperidine (11 mL, 0.11 mol) was added 
dropwise. After 30 min at 0 "C, the yellow-orange precipitate was 
collected by suction filtration. The solid was dissolved in ether, 
dried over MgS04, and concentrated to give the triazene. Re- 
crystallization from ether, petroleum ether, or ethanol gave 1- 
phenyL3,3-(pentanediyl)triazene (15.31 g, 81%), mp 39-40 "C. 

Structure proof for the triazene was obtained through con- 
version to known biaryl and a characteristic 'H NMR absorption 
for the piperidyl ring at  6 1.7 and 3.7. Yields and properties for 
the triazenes, RPhN=NN(CH2)5, are given in Table 111. 

( p  -Toluene)diazonium Trifluoroacetate (4a). 1-@- 
Tolyl)-3,3-(pentanediyl)triazene (6.09 g, 0.03 mol) was placed in 
a 500-mL three-necked round-bottomed flask containing 250 mL 
of anhydrous benzene. The solution was cooled to 5 "C causing 
some benzene to freeze on the walls of the flask. Trifluoroacetic 
acid (4.62 mL, 0.06 mol) was added dropwise. The precipitated 
diazonium salt was filtered by suction through a fritted-glass 
funnel. The salt was washed with cold dry ether to give a white 
diazonium salt which was freed of excess solvent under reduced 
pressure. The salt 4a weighed 5.6 g (80%): mp 71-73 "C; 'H 
NMR (D20) 6 2.2 (8, CHJ, 7.22 (d, J = 8 Hz, Ar), 7.75 (d, J = 


