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SYNTHETIC COMMUNICATIONS, 22(21), 3101-3108 (1992) 

MINE SYNTHESIS VIA NITROGEN-NITROGEN BOND FORMATION 

Brian E. Love* and Lino Tsai 
Department of Chemistry. Auburn University. Auburn. AL 36849 

Abs t r ac t :  Imine anions, generated by reaction of nitriles with 
organometallic reagents. are dimerized to form symmetrical azines 
through the use of CuI and t-butyl peroxybenzoate. 

Azines are typically prepared through carbon-nitrogen bond 

We formation, by the action of hydrazine on carbonyl compounds.1 

wish to report a conceptually different azine synthesis resulting from 

the dimerization of imine anions which proceeds via nitrogen-nitrogen 

bond formation. and thus avoids the use of highly toxic hydrazine.2 

Azines are produced in good yield from imine anions (prepared by the 

addition of an organolithium or Grignard reagent to a nitrile) upon 

treatment with Cu(1) salts and any of a variety of oxidants. Preliminary 

s tudies3 -of several reagent systems suggested use of copper(1) iodide and 

t-butyl peroxybenzoate to be the most convenient and effective. 

Although this combination of reagents has been used to oxidize a wide 

range of s ~ b s t r a t e s , ~  it has never been employed in the oxidative 

dimerization of imine anions to give azines. 

dimerizations of imines to yield azines are. of course, known.5 

./ 
< 

Other oxidative 

* To whom correspondence should be addressed 
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3 102 LOVE AND TSAl 

R 1) E120,35 OC, 30 rnin 
2) Cul, 35 "C, 30 hfl 
3) PhCO$-Bu, 0 to 35 "C, 4 hr R' NNNAR'  

RCN + R' Metal - Y  
1 2 

e t-Bu 
f Et 
g i-Pr 

16 - 82% 

2 
a 
b 

d 
e 
f 
9 
h 

- 

C 

R' Metal 
MeLi 
n-BuLi 

MeMgBr 
n-PrMg CI 
n-BuMgCI 
EtMgBr 
PhMgBr 

t-BuLi 

A variety of azines may be prepared by this method. as indicated 

in Tables 1 and 26. 

significant loss was frequently observcd during purification.7 The best 

yields were usually obtained when aromatic nitriles were employed 

(compare specifically products 3ac  and 3ag in Table 1 with products 

While crude yields were generally quite high. 

3eh  and 3fh. respectively, in Table 2, 

Table ,l +,jth thi- those listed in Table 2). 

tended fo produce higher azine yields than were obtained using 

or in general, all entries listed in 
- ,  , .. 

Use of organolithium reagents 

.I Grignard. reagents (compare products 3aa .  3ea and 3ga with products 

3ad.  3ed and 3gd .  respectively-products 3ab and 3af represent an 

exception to this trend). Additionally, while imine anion formation 

was usually complete within 30 min. when nitriles were reacted with 

organolithiums. reactions with Grignard reagents often required 

several hours. The azines listed in Tables 1 and 2 have all been reported 

previously. with the exception of o-chloroaeetophenone azine (3 d a )  , 

for which satisfactory elemental analysis was obtained.* 
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AZINE SYNTHESIS 3103 

Table 1: Preparation of Azines 3 from Aromatic Nitriles 

Crude P u r i f i e d  m.p./b.p. Exact MassC 

Producta  Yieldb Yieldb (Lit.) Calc. (Found) 

3aa 100 61d 119-121 (12119 

3 a b  100 46e oil (32-4)10 

3ac 79 64d 79-80.5 (79)11 

3ad 5 4  2Sd 116-19 (12119 

3ae  9 4  57e-f oil (40-1)12 293.20 18(293.2027) 

3af  100 82f oil (32-4)lO 321.233 l(321.2330) 

33g 96 44d 64-5 (66-7)13 

3ah 50 42d  162-163.5 (164)lO 

3ba 100 46d 133-4 (137-8)13 

3ca 81 49d 144-7 (153-4)13 

3da 95 55e 92-94 305.06 12(305.0607) 

a) The first letter of the product designation refers to the nitrile 

precurkor; the ‘second letter refers to the organomctallic reagent. 

b) isolatdd yields 

c) Calculated for M+ ion obtained by EI, or for M + 1 ion, obtained by CI. 

d) Purified by recrystallization 

e) Purified by column chromatography (Si02)  

f )  Purified by kugelrohr distillation 

4 
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3 104 LOVE AND TSAI 

Table 2: Preparation of Azines 3 from Aliphatic Nitriles 

Crude Purified m.p./b.p. Exact Mas$ 

Producta Yieldb Yicldb (Lit.) Calc. (Found) 

3ea 87 71' (2 13-6/760mm) 6 197.201 8( 197.201 8) 

3ed 25  _ _  (2  13-6/760mm)l6 

3eg 38 27e (122/18mm)17 224.2252(224.2256) 

3eh 86 30d 81-82 (79)'l 

3fg 45 16' (99/45mm) 1 8 169.1705( 169.1700) 

3fh 100 33d 62-4 (66-7)' 

3ga 68 49e (92/29mm)18 168.1626(168.163 1) 

3 g d  16  - -  (92/29mm)18 

a) The first letter of the product designation refers to the nitrile 

precursor; the second letter refers to thc organornetallic reagent. 

b) Isolated yields 

c) Calculated' for M+ ion obtained by EI, or for M + 1 ion, obtained by CI. 

d) Purified by , recrystallization 

e) Purified by column chromatography (Si02) 

f) Purified by. kugelrohr distillation 

Although three stereoisomers are possible for some of the azines 

reported above, in all cases except one (3ga/3gd)l4 only one 

stereoisomcr was observed (as determined by 400 MHz NMR and 

capillary GC). Literature precedcntl5 suggests this to be the (J2.E) 
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AZINE SYNTHESIS 3 105 

isomer, which was confirmed in one case (3ca) by an X-ray crystal 

s t ructure  determination. 

In summary, we have demonstrated that the 1-butyl 

peroxybenzoate/CuI reagent system effects the oxidative dimerization of 

imine anions, resulting in the formation of azines in good yield. Azine 

synthesis via N-N bond formation may find utility in the synthesis of 

azines and related compounds which cannot be prepared by more 

traditional methods. Further applications of this reaction arc currently 

under investigation. 

Typical Procedure: 

(10 mL) was cooled in an ice bath under 3 nitrogen atmosphere. 

Benzonitrile (1.13 g. 10.9 mmol) in ether (10 mL). was added diopwise 

over I0 min. The solution was heated at reflux for 2 hrs, then CuI 

(2.05 g, 10.8 mmol) was added, followed by an additional 30 min of 

heating at reflux. 

while 1-buty1:peroxybenzoate (2.12 g. 10.9 mmol) in THF (10 mL), was 

A solution of EtMgBr (8.8 mmol) in ethyl ether 

The reaction mixture was then cooled in an ice bath 

added o,yci a-period of 10 min. 

for 5 hrs, then cooled to room temperature and filtered. 

The reaction mixture was heated at reflux 

The precipitate 
I . .  I 

was.-&ashed w'ith ether (50 mL), and the combined filtrates were washed 

whh water (2 x 50 mL). The organic phase was then dried (MgS04), and 

the solvent removed under reduced pressure. The crude product was 

recrystallized (J3OH) to give .63 g (43.5%) of propiophenone azine, m.p. 

64-65" (Lit.13 66-67'). 1H NMR(CDC13): 8.0-7.8 (m, 4H), 7.5-7.3 (m. 6H), 

2.89 (9. J = 7.7, 4H), 1.13 (1. J = 7.7, 6H); l3C NMR(CDC13): 162.8, 137.3, 

129.4. 128.4, 126.8. 21.9, 11.4. 
. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

hi
ca

go
 L

ib
ra

ry
] 

at
 0

9:
57

 2
0 

A
pr

il 
20

13
 



3106 LOVE AND TSAl 

A c k n o w  I e d g e m  e n  t s 

We gratefully acknowledge the National Institutes of Health for 

support of this work (DA06310). 

performing the X-ray structure dcterrnination. 

We also thank Dr. T. R. Webb for 

R e f e r e n c e s  

1 )  (a) Tennant, G..  in "Comprehensive Organic Chemistry:" Vol. 2. 

Sutherland, I. O., Ed.: Pergamon Press. Oxford, 1979; p. 455. 

(b) Kolbah, D.; Koruncev, D., in "Methoden der Organischen Chernie." 

(Houben-Weyl) Vol. 10. Pt. 2, Georg Thiemc Verlag, 

2 )  Funher applications of this methodology to similar systems where 

use of hydrazine is not feasible are currently under investigation. 

3 )  Love, B. E.; Tsai, L., Synth. Commun.. 1992. 22, 165. 

4)  (a) Rawlinson, D. J.; Sosnovsky. G., Synthesis. 1972, 1. (b) Sosnovsky. 

G.; Lawesson, S . - 0 . .  Angew. Chem.. Int. Ed. Engl., 1964, 2. 269. 

5 )  Forysorne representative examples. see: 

Stuttgart. 1967; p. 91. 

(a) Meyer, R.; Pillon. D.. U.S. 

Patent. 2,870,206 (Chern. Abstr., 1960, H, 14530, 

K.: Vaekawa, T.. (Otsuka Chcrnical Co., Ltd.) Jpn. Kokai Tokkyo Koho 

79,125.629. (Chern. Abstr. 1980, a, 110681e). (c) Toyo Soda Mfg. Co.. Ltd., 

JpA: Kokai Tokkyo Koho 80,145,184 (Chem. Abstr. 1981, B, 129501j). 

(d) Hayashi, H.; Somei, J.; Okazaki. T.. Appl. Catal.. 1988, 41, 213 and 

references given therein. (e) Hayashi, H.; Kainoh, A.; Katayarna, M.; 

Kawasaki, K.: Okazaki, T., Ind. Eng. PRD, 1976, G. 299 and references 

given therein. (9 Hayashi, H.; Mori, M.; Shigemoto, N.; Okazaki. T.. Ind. 

Eng. PRD. 1978. u, 128 and references given therein. (g) Kauffrnann, 

T.; Albrecht, J.; Berger, D.: Legler. J.. Angew. Chern.. Int. Ed. En&. 1967, 

(b) Kume. H.; Kawasaki, 
i, - 

r .  - 
. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

hi
ca

go
 L

ib
ra

ry
] 

at
 0

9:
57

 2
0 

A
pr

il 
20

13
 



AZlNE SYNTHESIS 3107 

6. 633. (h) Kauffrnann, T.; Berger, D., Chern. Ber.. 1968, .UU, 3022. 

(i) Wcssjohann, L.; McGaffin, G.; de  Meijere. A., Synthesis, 1989, 359. 

ti) Biichner. W.; Schliebs, R.; Winter. G.: Biichel. K. H., "Industrial 

Inorganic Chemistry." VCH Publishers, New York, 1989; pp. 48-50. 

6) Azines were characterized by N M R  and capillary GC. by which they 

were readily distinguished from the corresponding ketones and irnines. 

In many instances the products were compared with (and found to be 

identical to) authentic samples preparcd by reaction of ketones with 

hydraz ine .  

7) Purification procedurcs were not optimized. As the crude products 

were typically grcater than 80% pure (by GC). we believe furthcr work 

would improve the yields of purified products. 

8) Analysis calculated for C16H14C12N2: C. 62.97; H, 4.62; N, 9.18. 

Found: C, 62.76; H, 4.64; N, 9.08. 

7.43-7.40 (rn. 2H), 7.35-7.30 (rn, 4H), 2.26 (s, 6H); l3C NMR(CDC13): 158.2. 

139.0. 132.0, 129.8, 129.7. 129.6, 19.1 

9) Blount;-E. R,;.Eager. V. W.; Gofstein, R. M.. J. Am. Chern. SOC.. 1946, f& 

1983. 

10) .Gouvemeuf, P. J. L.; Mulangala. J. M., Bull. SOC. Chim. Belg., 1977, a, 
699. . 
1 1 )  Malament, D. S.; McBridc, J. M.. J. Am. Chern. SOC.. 1970. z, 4586. 
12) Scheppele, S. F.; Rapp, W. H.; Miller, D. W.; Wright, D.; Mamott, T., J. 

Am. Chern. SOC., 1972, s, 539. 
13) Cohen. S. G.; Groszos, S. J.; Sparrow, D. B.. J. Am. Chem. SOC.. 1950, a. 
3947. 

14) This product was found to be a mixture of two stcrcoisomers in a 

ratio of approximately 3:l. 

*H NMR(CDC13): 7.5-7.45 (rn, 2H). 

4 

The same ratio of stereoisomers was observed 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

hi
ca

go
 L

ib
ra

ry
] 

at
 0

9:
57

 2
0 

A
pr

il 
20

13
 



3108 LOVE AND TSAI 

in authentic material prepared by reaction of  3-methyl-2-butanone 

with hydrazine. 

15)  (a) Fleming, I.; Harley-Mason, J.. J. Chem. SOC., 1961, 5560. (b) Arnal, 

E.; Elguero, 1.: Jacquier. R.; Marzin, C.; Wylde, J., Bull. SOC. Chim. Fr.. 1965, 

877. (c) Flegontov. S. A.; Titova, 2. S.; Vul'fson, S. G.; Savin, V. I.; Kitaev. 

Y. P.. Izv. Akad. Nauk SSSR. Ser. Khim., 1977, 1996. (d) Abelt. C. J.; Pleier. 

J. M., 1. Am. Chem. SOC.. 1989,111, 1795. 

1 6 )  Baird, W.; Wilson, F. J., J. Chem. SOC., 1927, 2116. 

17)  Duismann, W.; Beckhaus, H.-D.; Riichardt. C., Liebigs Ann. Chem., 

1974. 1348. 

18) Elguero, J.; Jacquier, R.; Marzin, C.; Bull. SOC. Chim. Fr., 1968, 713. 

(Received i n  USA 23 June, 1992) 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

hi
ca

go
 L

ib
ra

ry
] 

at
 0

9:
57

 2
0 

A
pr

il 
20

13
 




