
HETEROCYCLES, Vof. 37, Na 1,1094 379 

AMINATIONS WITH OXAZIRIDINES - 
SYNTHESES OF ARYL- AND HETARYL-HYDRAZINES 

Siegfried Andreae* and Ernst Schmitz 

Zentrum fiir Selektive Organkche Synthese, KAI e.V., 

Rudower Chaussee 5, D-12489 Berlin-Adlershof, Germany 

Dedicated to Prof. Dr. A. R.  Katritzky on the occasion of his 6Sh birthday. 

Absh-act- Five acetylaminobenzenes (2) m= CH), two 3-acetylaminopyridines 

(2) (X= N) and one 3-acetylaminopyridinel-oxide (2) (X= N(0)) are aminated 

by l-oxa-2-azaspiro[2.5]ocfane (1) I DABCO to cyclohexylidenehydrazino 

compounds (3), which are characterized as benzaldehyde or 4-nimbenzalde- 

hydehydrazones (4). In some cases the acetyl p u p  is removed during the 

amination. 

Among NH-uansfer reagents l-oxa-Z-azaspiro[2.5]0~tane (1, 3.3-pentamethylenwxaziridine) plays an 

important ro1e.l Its reactivity is somewhat less than that of the well known 0-substituted hydroxylamine 

derivatives, e.g. hydroxylamine-0-sulfonic2 acid or 0-mesitylsulf~n~lh~drox~lamine.~ As a rule, only the 

latter attack niuogen of an aromatic ring or a tertiary atnine. The oxaziridine (1) is distinguished by its 

simple accessibility: Solutions of (1) are obtained within one minute from cyclohexanone, ammonia and 

NHflaOC1 /kO toluene, 5 - 100 

1 
Nu - = nucleophile (>N -, - 0  ', -S ', XH-) 

hypochlorite solutions.4 A special advantage of 1 in N-N-forming reactions is the protection of the primary 
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products by the cyclohexylidene system against a funher attack of the aminating reagent. Probably, 

overamination is one reason why depromnated N-tosylaniline on amination with O-mesityl- 

sulfonylhydroxylamine gave N-tosylphenylhydrazine only in a yield of 25 %.5 Aliphatic, preferably 

secondary amines are converted to hydrazine derivatives by the oxaziridine (1) in fair to excellent yields.' 

However, our early attempts to aminate aromatic amines completely failed and only 

3-ethyl-3-methyloxadridine aminated aniline to phenylhydrazine in 22 96 yield (isolated as the 

benzaldehyde hydrazone)! 

We expected that the increased nucleophilicity of depxutonated acylamines would enable them to k 

aminated more efficiently. In fact, we observed an exothermic reaction of acylaminomnes with the 

oxaziridine (1) in the presence of a tertiary organic base and obtained arylhydrazine derivatives in good 

yield Depending on the reactivity of the acylaminoarene in some cases much less than one equivalent of the 

base (0.09 - 1.4 mol DABCO per mol 2) can effect a nearly complete conversion of the statting material. 

Thus, on addition of 0.18 equivalents of DABCO to N-acetyl-2.4-dimethylaniline (2d) (X= CH, R= 

2.4-[CH3Iz) and 1.5 equivalents of 1 and hydrolysis the phenylhydrazine (5) (R= 24-[CH31z, R'= COCH3) 

was isolated in 64 % yield The yield of the N-N-forming reaction is obviously higher: With 

4-nimknzaldehyde the hydrazone (4) (R= 2,4-[CH3I2, R'= CfX!H3, RZ= &NO&&) precipitated in 88 % 

4 5 

a - e: X= CH (benzenes); f - g: X= N byridines); h: X= N(0) byridinel-oxides); R,R1 and ~ ~ s e c  Table 1. 
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Table 1: Hydrmnes (3). (4) and hydrazines (5) from aromatic and heteroammatic acetamides (2), 

l-oxa-2-azaspiro[2.5]0cme (1) and DABCO 

com- R 
pound 

mP color base yield 
[ 'CI [%la) [%I 

X= CIi (benzenes) 

3a 2-CN H - 
4b 2, 4-C12 COMe 4-NO2-C6H4 

2,4-C12 COMe H 

3c 2-Br COMe - 

4C 2-Br COMe 4-NO2-C6H4 
2-Br COMe C6H5 

2, 4-MeZ 

2, 4-Me2 

2-Me0 

2-M~O 

(pyridines) 

2-C1 

2-Cl 

2-C1 

2 -SCH2C6H5 

COMe 

COMe 

COMe 

COMe 

H 

H 

H 

COMe 

X= N(0) (pyridinel-oxides) 

3h 2-C1 H - 

4h 2-C1 H 4-NO2-C6H4 

76-77 orange 7 1 59 

199 yellow 18 5eb) 
201 red-orange 18 2 lC) 

oil orange 9 ca. 80 

219.5 yellow 9 6 6 
126 tan-yellow 9 69 

lood) 71 

oil orange 18 ca. 90 

161 pale yellow 18 88 

192-194 orange 3 6 81 

49-50 white 6 4 

8.5 pale yellow 140 62 

242-243 orange red 140 83 

135-137 pale yellow 140 78 

163 yellow 54 5 ge) 
1060 49 

oil yellow 76 7eb) 

246-248 orange 76 66 

a) mol% DABCO, referring to starting material (2) ; b, crude product, + 23 % 
2b; from the second fraction of the recrystallisation of the acetyl 
compound; d, urotropine instead of DABCO; ') + 9% deacylated product (5g) 
(R'= H) ; 0 DBu instead of DABCO. 
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yield. Further examples are shown in Table 1. Analytical data of the compounds (3 - 5) are collected in 

Tables 2 - 3. 

The reaction also works with methylsulfonyl orp-toluenesulfonylanilines and with other tertiary mines like 

DBU, N-ethylpiperazine, quinuclidine or urohupine, but in general, the yields of phenylhydradne 

derivatives are lower. Thus 4c (R= 2-Br, R1= COCH3, RZ= C&) could be isolated using 1 equivalent of 

urompine instead of 0.09 equivalents of DABCO. 

The primary products (3) are easily hydrolyzed by acids to the free hydrazines (5), whereas in the 

4-nitrobenzylidenehydrau,nes (4) only the acyl group R1 can be removed by boiling in hydrochloric acid. 

On aminating 2-cyanoacetanilide (3) (R= 2-CN) the acetyl group is removed. Because of the mild reaction 

conditions we assume a neighbouring effect acting in the possible intermediate (6). 

We had observed a similar neighbouing effect in the amination of C-H-acidic compounds, where a nihile 

group in a-position to the reaction center was hydrated to a carboxamide group at 0 OC within 5 min.' 

The tendency of deacylation during amination seems to be predominant in 3-acylaminopyridines with 

acceptor substituents. 

However, in the pyridine series (and analogously in the isoquinoline series) the literature exclusively 

describes elechuphilic aminations forming 1-aminopyridinium compounds, e.g. reactions with 

0-mesitylsulfonylhydroxylamines~ and hydroxylamine-0-sulfonic acid!" Even 3-acetylaminopyridine was 

converted to the corresponding' I-aminopyridinium derivative.' In the amination of 3-aminoiscquinolines 

with 0-toluenesulfonylhydroxylamine the formation of 3-hydrazinoisoquinolines was excluded .I1 

As to be seen from nmr data (see Table 2) our aminated 3-aminopyridines (3f. 4f, 51, and 4g) show 

chemical shifts of pyridines and not of 1-aminopyridinium systems. The pyridinel-oxide (2h) gives the 

same amination reaction. 
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EXPERIMENTAL 

The other examples a - e and h are prepared in a similar manner. For the quantities of base used see Table 1. 

Physical and analytical data are collected in Tables 1 - 3. 

2-Chlom-3-cyclohexylidenehydrszinopyridine (30 (X= N, R= 2-CI, R1= H), CllH14N3C1 

0.85 g (5 mmol) of 2f (X= N, R= 2 - a ,  R'= COCH3) and 7.5 mmol of 1 in toluene (0.2 - 0.4 m o ~ 1 ) ~  are 

treated under stiming with 100 mg of DABCO (1,4-diazabicyclo[2.2.2]0~tane). The temperature raises from 

22 to about 26'C. To complete the conversion of the starting material other portions of 1 and the base are 

added until the exothermic reaction has ceased and the tlc indicates only traces of the starting material. Total 

amounts of 18 mmol of 1 and 800 mg (7.1 mmol) of DABCO are necessary (in other examples much less, 

see Table I!). After filtration and evaporating of volatile material in vacuo (60 "CD.02 mm Hg) great, pale 

yellow crystals of the title compound separate from the remaining orange oil. 

2-Chlom-3-(4-nitrobenzy1idenehydrszino)pyrine (40 (X= N, R= 243, R1= H, RZ= C6H4-NOz-4). 

C12H9N4~02 

0.1 g (0.45 mmol) of crude oily 3f are dissolved in 2 ml of 2N HC1, filtered (an extraction of the above 

amination reaction mixture with 2N HC1 is also possible) and treated with 70 mg (0.5 mmol) of 

4-nimbenzaldehyde in 4 ml of ethanol. After 20 min at 60 O C  and cml ig ,  the preciptate is washed with 

ethanovwater (1:l) and recrystallized from ethanoVDMF (121). 

For the preparation of the benzaldehyde hydrazones the reaction mixture is neutralized with solid sodium 

hydrogencarbonate. 

2-Chlom-3-hydrannopyridine (50 (X= N, R= 2-CI, R1= H), GH6N3C1 

The oily residue of the amination (or the HCI-extract) is hydrolyzed in 5 ml of 2N HCI 1 h at 40 OC, filtered 

and extracted twice with ether. The Ha-phase is alkalized by 2N NaOH and extracted with chloroform. 

Evaporation of the solvent in vacuo yields the hydrazine, pale yellow needles from water, not air-stable. 
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Table 2: I3C- and 'H-Nmr spectra of the compounds (3) and (4) (lines 1 and 2 of each entry: I3C MU; 
lines 3 and 4: 'H nmr chemical shifts in ppm; DMSO-WS; 751300 MHz) 

cia) C2 C3 C4 C5 C6 N=C COCH, 1. 3 line 
com- 2. line: Cl/C2,6/C3,5/C4of lCH215 or R 4 . '  
pound 3. line: 'H 

4. line: rCH215 or RZ 

'' all starting compounds are considered as 1-acetaminobenzenes 
assignments C1 - C6 p tly tendentious, b, NH 9.10s, R1= COCH,, 

') R2= C6HS, 'T JHS,H~= 8.5 HZ, JW 2.3 HZ; 8)  NH 8.15s; h, NH 
~ ~ % ~ ? y P h  C1 137.8, C2/C6 128.9*, C3/C5 lg;5*, C4 138.8. 
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Table 3: Elemental analyses and mass specm of the compounds (3 - 5) 

corn- C H N Hal MS (70  ev) [m/z ( %  rel .  i n t e n s i t y )  I 
pound c a l c d / f o u n d  o r  S 
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