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in the kAB terms, making the effect of amine pKa on kAB very 
small. Similar conclusions have been reached previously by 
Spencer et al." for simple a-proton abstractions of Schiff base 
by the corresponding amine. These authors have extensively 
discussed the implications of this finding for the mechanism 
of action of enzymeri which function via Schiff base interme- 
diates. 

Experimental Section 
Materials. 3-Methyl-3-cyclohexenone (1) was prepared and pu- 

rified as previously decicribed.2 Gycinamide hydrochloride was puri- 
fied by recrystallization from absolute ethanol, and ethylenediamine 
by distillation of the free amine. Distilled water was used for all kinetic 
runs. 

Kinetic Methods. The kinetics were monitored a t  25.0 i 0.2'C 
with an ionic strength of 1.0 maintained by NaCl. Spectra were ob- 
tained on a Cary 16K spectrophotometer and rates were followed on 
either a Gilford 2000 o,r 2400 spectrophotometer. All first-order rate 
constants were calculated by a nonlinear least-squares regression 
analysis. pH values for each series of buffer runs were constant to 
f0.02 pH unit. 

The rate constant k ,  was measured a t  the isosbestic point for the 
subsequent hydrolysis as described previously.2 Good first-order ki- 
netics were obtained for 6-8 half-lives in most cases and yielded stable 
infinity points. Buffer plots of k,I[RNH2] were fit to the steady-state 
equation (eq 3) by suc*cessive approximations as described in the 
text. 
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The reaction of a-nitrobenzylidene phenylhydrazine (1) in absolute ether with hydrogen chloride, methanesulfo- 
nic acid, and periodic acid affords diprotonated salts which have been proposed as one of the intermediates in the 
conversion in acidic medium of primary and secondary nitroalkanes to carbonyl compounds (Nef reaction). These 
salts are rapidly hydrolyzed to 1-nitroso-2-benzoylphenylhydrazine (4). The reaction of 1 with secondary amines 
gives rise to amidrazones. 

In continuation of' our studies of a-nitroarylidene phen- 
ylhydrazines, which recently have become readily available 
by the direct alkyl nitration of arylidene phenylhydrazines,' 
we are now reporting on their reactions in acidic and basic 
media. Although this class of compounds has been known for 
a long time, very little is known about their reactivity. Bam- 
berger2s3 reported that a-nitroarylidene phenylhydrazines 
were converted to the corresponding aroyl phenylhydrazines 
on treatment with aqueous base, and to tetrazines on treat- 
ment with methanolic sodium methoxide. 

Reaction with Acids. The reaction of a-nitrobenzylidene 
phenylhydrazine (1) in absolute ether with hydrogen chloride, 
methanesulfonic acid, and periodic acid afforded a-nitro- 
benzylidene phenylhydrazine dihydrochloride (2a), a-nitro- 
benzylidene phenylhydrazine dimethanesulfonate (2b), and 
a-nitrobenzylidene phenylhydrazine diperiodate (2c) in yields 
of 78, 70, and 90%, respectively (Scheme I). The spectral 
properties of these salts are in accord with a diprotonated 
structure.* As shown in Table I, the infrared spectra of 2a-c 
showed weak ammonium absorption in the range 3500-2200 
cm-' and strong nitronate bands5 at  1550 and 1335 cm-l. The 

NMR spectra6 of 2a,b in Me2SO-& exhibited, respectively, 
absorptions of OH a t  6 14.05 and 13.50 and of NH+ a t  6 11.95 
and 12.10, which integrated to three protons in a ratio of 2:l. 
Although structure 2 is well supported by the nitronate bands 
in the infrared and the low field absorptions of OH in the 
NMR spectra, the presence of the tautomeric structure 3 
(Scheme I) cannot be excluded. It is of interest that in 
MezSO-de the NMR signals of +NH3 in anilinium chloride 
and of +NH2 in phenylhydrazinium chloride occur at 6 9.78 
and 9.51, re~pectively.~ 

Tautomer 2 can be considered as one of the proposed in- 
termediates in the conversion of primary and secondary nitro 
compounds to carbonyl compounds in acidic media.8,9 This 
viewpoint is supported by the observation that the salts un- 
derwent rapid hydrolysis a t  room temperature to l-nitroso- 
2-benz0ylphenylhydraine~~ (4) in quantitative yield (Scheme 
I). I t  is believed that compound 4 was formed from the reac- 
tion of 2-benzoylphenylhydrazine (5) with nitrous acid, these 
being possible intermediates in the hydrolysis of 2. In fact, 
compound 5 was isolated when the hydrolysis of 2a was carried 
out in the presence of pyridine, which scavenged the nitrous 
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Table I. Spectral Data of CsH5C[=+N(OH)2]N=+NHNHC6H~ 2X-(2) 

Infrared spectra, cm-la NMR spectra, ppmb 
x C=N02H2 -N=NH- =+NH C=NO2Hz N=NH+ 

C1- (fa) 
CH3S03- (2b)c 
~ ~ 1 0 ~ -  (24d 

1550,1335 1605 3300-2500 14.05 se  11.95 s 
1550,1335 1600 3200-2200 13.50 s 12.10 s 
1550,1325 1605 3500-2750 

(I Spectra were run as potassium bromide wafers. The solvent was Me2SO-d6. A CH3S03- band was present at 1150 and 1060 
cm-l. A H4IO6- band was present at 844 cm-'. e s = singlet. 

C H  + 
5'C-N-NH2 2X- 

2 a - C  3fl-C 

HzOi lH,O--pyridine 

O H  O H H  

I 
NO 

4 
+ 2HX 

5 

a,  X = C1- 
b, X = CH,SO,- 
c,  X = H,IO,- 

acid. In a control test, 5 was readily converted to 4 on treat- 
ment with sodium nitrite and hydrochloric acid (Scheme I). 

The results of the neutral equivalent determinations of 2a-c 
are in agreement with these observations. Titrations with base 
gave curves exhibiting two end points. The first a t  pK, 2.65 
corresponded to the neutralization of acid liberated in the 
hydrolysis and the second at  pK, 8.60 resulted from the 
neutralization of the acidic proton in the nitroso compound 
4 (eq 1). Direct titration of authentic 4 gave a pK, of 8.90.'' 

HA0 
2a ----t 2HC1 + 4 1 1 !:::d 

end 
point point 

NaCl [C6H5-C-N-N-C6H5]-Na+ 
I 

NO 
II 
0 

Reactions in Basic Medium. As reported by Bamberger2 
the reaction of 1 with sodium methoxide in methanol gave 
1,3,4,6-tetraphenyl-1,4-dihydro-1,2,4,5-tetrazine (6) (eq 2). 
More recently, Huisgen12 reported that 6 is also formed when 
the hydrazidic chloride 7 was treated with triethylamine in 
benzene a t  room temperature (eq 2). He considered that the 
formation of 6 occurred by a 1,3-dipolar head to tail coupling 
of the diphenyliminonitrile A. Evidence for the intermediacy 
of A was found when 7 in the presence of triethylamine reacted 
with dipolarophiles to give 1,3-dipolar adducts.13 

It  was established that 1 could replace 7 as a source of a 

-NaNO, 
C&,--C=N-NHCJ€5 + CH30Na CH,OH 7 I 

NO* 
1 

I e1 
7 

reflux \ 
+ - 

[CGH,--C=N -N - C6H5 

6 

nitrilimine synthon. Treatment of 1 with sodium hydroxide 
and methyl acrylate in acetonitrile afforded a 75% yield of 
5-carboxymethyl-4,5-dihydro-1,3-diphenyl-2-pyrazoline (8) 
(eq 3). Compound 8 was previously prepared by the ther- 

NaOH N-N' 
(3) 

uCOZ,, 
1 + H2C=CH-C02CH3 

C6H5 

8 

molysis of 1,3-diphenyltetrazole in the presence of methyl 
a~ry1ate . l~  

In contrast to 7, compound 1 did not react with triethyl- 
amine in refluxing benzene and was recovered unchanged. 
However, reactions did take place with secondary amines to 
give amidrazones. The reaction of 1 with morpholine afforded 
a-N-morpholinobenzylidene phenylhydrazine (9) and mor- 
pholinium nitrite (lo), each in 85% yield (eq 4). The spectral 

H' 
I 

H 
9 10 (4) 

properties of 9 and 10 were in agreement with their assigned 
structures. 

When compound 1 was treated with pyrrolidine a t  room 
temperature, a quantitative yield of orange-red pyrrolidinium 
phenylazophenylmethanenitronate (1 1) was isolated (eq 5). 
The infrared spectrum of 11 showed a strong ammonium band 
a t  3100-2300 cm-' and nitronate bands a t  1465 and 1210 
cm-l. The NMR spectrum indicated pyrrolidinium absorp- 
tions at  b 1.6 and 2.9 and ammonium absorptions at  6 6.1. The 
ultraviolet spectrum in 95% ethanol showed a maximum at 403 
nm with a large extinction coefficient (log t 4.10), similar to 
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I. 

RT I 
H 11 

p yrrol.idine 
11 77 CJ&-C=N-NHC6H5 (6) 

I 

E? 
that reported1 for compound 1. Apparently the extended 
conjugation in 1 was not changed in salt 11. 

Compound 11 reverted to starting materials when placed 
in refluxing absolute ethanol or when kept in vacuo for several 
days. The instability of ammonium salts of nitro compounds 
is well documented in the 1 i te ra t~re . I~  Upon heating in pyr- 
rolidine a t  50 O C ,  1 X was converted in high yield to a-N-pyr- 
rolidinobenzylidene phenylhydrazine (12) (eq 6). However, 
12 was unstable and could not be purified. Its infrared and 
NMR spectra agreed with the proposed structure. 

The formation of' compounds 9 and 12 might occur by an 
addition-elimination type reaction as shown in Scheme 11. 

Scheme I1 

NR, 
I 
I 

S" I 

1 + &NH + [C&,-cCNH"C6H5I 

NO, 

B 
N& - C6H5-C=N-NHCBH5 + R,NH2+ NO2- 

The formation of the adduct B is very likely preceded by salt 
formation which is a reversible step as observed in the reaction 
between compound 1 with pyrrolidine. Our observation that 
triethylamine, a stronger base than morpholine and slightly 
weaker than pyrrolidine, did not react with 1 (no formation 
of tetrazine 6) renders a 1,3-dipolar reaction very unlikely. 
Moreover, salt 11 underwent dissociation (eq 5) rather then 
elimination of pyrrolidinium nitrite. 

Experimental Section 
a-Nitrobenzylidene Phenylhydrazine Dihydrochloride (2a). 

A 150-mL solution of absolute ether containing 2.41 g (0.01 mol) of 
n-nitrobenzylidene phenylhydrazine (1) was cooled to 10 "C. Hy- 
drogen chloride was introduced slowly with stirring in 30 min as the 
temperature rose to 20 "C. A white precipitate formed and the sus- 
pension was kept a t  0 "C overnight. Filtration and repeated washings 
with absolute ether gave 2.5 g (78%) of a-nitrobenzylidene phen- 
ylhydrazine dihydrochloride (2a): mp 70-75 "C dec; IR (KBr) 
3100-2500 (N=NHC&), 1605 (N=NH), and 1550 and 1335 cm-' 
(NOz); NMR (Me2So-d~) 6 7.2-8.0 (m, 10, ring H),  11.95 (s, 1, 
N=+NHCsH5), and 14 05 (s, 2, C=NOzHz). 

Anal. Calcd for C13H13ClZN302: C1,21.58; neut equiv, 314. Found: 
Cl, 21.50; neut equiv, 320. 

a-Nitrobenzylidene Phenylhydrazine Dimethanesulfonate 
(2b). To 25 mL of absolute ether containing 1.0 g (0.004 mol) of 1 was 
added with stirring 1.48 g (0.05 mol) of methanesulfonic acid a t  room 
temperature. After 2 h, I yellow precipitate formed. The suspension 
was cooled to 0 "C, filtered, and dried in vacuo to give 1.2 g (70%) of 
n-nitrobenzylidene phenylhydrazine dimethanesulfonate (2b): mp 
>80 "C dec; IR (KBr) 3100-2200 (N=NHCsHs), 1605 (N=NH), 1550 
and 1335 (NOz), and 1150 and 1060 cm-' (CH,SO,-); NMR 
(Me2SO-ds) 6 2.5 (s,6, CH3SO3-), 7.2-8.0 (m, 10, ring H), 12.1 (s, 1, 
N=+NHCsHs), and 13.50 (s, 2, C=NOzHz). 

Anal. Calcd for C15H19N30&2: C, 41.55; H, 4.38; N, 9.69; S, 14.77; 
neut equiv, 433. Found: C, 42.61; H, 4.39; N, 9.78 S, 15.00, neut equiv, 
441. 

a-Nitrobenzylidene Phenylhydrazine Diperiodate (2c). A 
similar procedure was used as described in the preparation of 2b ex- 
cept that  1.0 g (0.004 mol) of 1 and 2.3 g (0.01 mol) of periodic acid 
were employed in 25 mL of absolute ether. Filtration gave 2.5 g (90%) 
of a-nitrobenzylidene phenylhydrazine diperiodate (2c): mp 155-160 
"C dec; IR (KBr) 3500-2750 (N=NHC&), 1605 (N=NH), 1550 and 
1325 (NOz), and 844 cm-' (H4106-1. 

Anal. Calcd for C13H2112N3014: I, 36.41; neut equiv, 697. Found: 
I, 36.13; neut equiv, 681. 

1-Nitroso-2-benzoylphenylhydrazine (4). A. Employing 
Compound 2a. To 25 mL of water was added with stirring 1.0 g (3 
mmol) of compound 2a a t  room temperature. The solution rapidly 
turned cloudy with the formation of a white precipitate. The sus- 
pension was filtered, dried, and recrystallized (50 "C) from 75% eth- 
anol to give 0.6 g (80%) of 1-nitroso-2-benzoylphenylhydrazine (4): 
mp 105-110 "C dec (lit.lo mp 108-110 "C); IR (KBr) 3180 (OH) and 
1680 cm-' (C=O); NMR (MezSO-ds) 6 7.1-7.8 (m, 10, ring H) and 
11.2 (s, 1, NH). 

Anal. Calcd for C13HllN302: C, 64.32; H, 4.60; N, 17.42. Found: C, 
64.50; H, 4.83; N, 17.29. 

B. Employing Compound 5. To a suspension of 5 (5.0 g, 0.023 mol) 
in absolute ethanol (100 mL) and 12 M hydrochloric acid (5.5 mL) was 
added a t  0 "C a 10-mL aqueous solution of sodium nitrite (1.72 g, 0.025 
mol). A yellow color developed with the formation of a homogeneous 
solution. Addition of 50 mL of water gave a yellow precipitate which 
after drying and recrystallization from 95% ethanol afforded com- 
pound 4 (66% yield), mp 106 "C dec.16 

Anal. Calcd for C13HllN302: C, 64.32; H, 4.60; N, 17.42; neut equiv, 
241.2. Found: C, 64.58; H, 4.78; N, 17.30; neut equiv, 250.2. 
5-Carbomethoxy-1,3-diphenyl-4,5-dihydro-2-pyrazoline (8). 

Compound 1 (1 g, 4 mmol), sodium hydroxide (0.5 g, 12 mmol), and 
methyl acrylate (1.6 g, 10 mmol) were added to 50 mL of acetonitrile 
and the mixture refluxed for 30 min. Cooling, filtering, and concen- 
trating the filtrate in vacuo gave 0.8 g (75%) of 5-carbomethoxy- 
1,3-diphenyl-4,5-dihydro-2-pyrazoline (8) (absolute CH3OH): mp 
108-109 "C (lit.14 mp 107 "C); IR (KBr) 1650 (C=O) and 1600 cm-' 
(C=N);NMR (CDC13) 6 3.5 (m,2,CHzCH),3.75 (~,3,CH3),4.8 (m, 
1, CHCHz), and 6.8-7.9 (m, 10, ring H). 

a-N-Morpholinobenzylidene Phenylhydrazine (9). T o  10 mL 
of morpholine was added with stirring 0.65 g (3 mmol) of compound 
1 a t  room temperature. The deep red solution turned bright yellow 
upon heating for 30 min a t  50 "C. Then excess morpholine was re- 
moved in vacuo and the residual yellow oil dissolved in 30 mL of ethyl 
ether. A white precipitate formed which was filtered and dried to give 
0.30 g (85%) of morpholinium nitrite (10): IR (KBr) 3400-2200 (NHz), 
1235 and 860 (NOz-), and 1185 cm-' (C-NH2). 

The ethereal solution was concentrated in vacuo and the remaining 
white solid recrystallized from 80% ethanol to afford 0.65 g (85%) of 
n-N-morpholinobenzylidene phenylhydrazine (9): mp 137.5-139 "C; 
IR (KBr) 3257 (NH), 1597 (C=N), 1269 (>NC=N), 1252 (NC6H5), 
and 1112 cm-I (COC); NMR (CDC13) 6 3.10 (t, 4, CHzNCHz), 3.75 (t, 
4, CHZOCH~),  and 6.6-7.5 (m, 11, ring H and NH). 

Anal. Calcd for CliH19N30: C, 72.57; H, 6.80; N, 14.93. Found: C, 
72.31; H, 6.70; N, 14.85. 

Pyrrolidinium Phenylazophenylmethanenitronate ( 1 1 ). To 
10 mL of pyrrolidine was added 1.0 g (4 mmol) of compound 1 at  room 
temperature. An orange-red precipitate formed immediately which 
after drying and recrystallization from hexane gave 1.25 g (100%) of 
pyrrolidinium phenylazophenylmethanenitronate (11): mp 103 "C; 
UV max (95% CzHsOH) 403 nm (log c 4.10); IR (KBr) 3100-2300 
("2) and 1465 and 1210 cm-' (C=NOz); NMR (MezSO-ds) 6 1.5 
(m,4,CHzCHZ),2.9 (m,4,CHZNCH2),6.1 (s,2, > N H ~ + ) , a n d  6.6-7.2 
(m, 10, ring H). 

Anal. Calcd for C17HzoN402: C, 65.36; H, 6.45; N, 17.95. Found: C, 
65.25; H, 6.32; N, 17.71. 

When compound 11 was either refluxed in absolute ethanol or 
placed in a vacuum desiccator for 1 week, a quantitative yield of 1 was 
obtained. 

a-N-Pyrrolidinobenzylidene Phenylhydrazine (12). To 10 mL 
of pyrrolidine was added with stirring 1.0 g (3 mmol) of salt 11 a t  room 
temperature. The solution was heated to 50 "C for 30 min, the excess 
pyrrolidine removed in vacuo, and the residual yellow oil dissolved 
in 30 mL of ether. The ethereal solution was washed with 3 X 50 mL 
of water and dried (MgS04), and the solvent removed in vacuo to give 
0.75 g (95%) of a-N-pyrrolidinobenzylidene phenylhydrazine (12) as 
a brown-yellow oil: IR (neat) 3250 (NH) and 1595 cm-I (C=N); NMR 
(CDC13) 6 1.4-1.9 (m, 4, C H Z C H ~ ) ,  3.0-3.3 (m, 4, CHzNCHz), and 
6.6-7.5 (m, 11, ring H a n d  NH). 

Determination of Neutralization Equivalents of Salts 2a-e. 
Samples (0.1 g) of salts 2a-c were dissolved with stirring in 40 mL of 



2094 J. Org. Chem., Vol. 42, No. 12, 1977 Leung, Kulkarni, Eagen, and Cromwell 

50% ethanol and titrated with 0.09 M sodium hydroxide. The end 
points were determined by plotting the volume oftitrant against the 

elemental analyses proved difficult. 
(5) H. ,-,.-At Feuer, Ch. Savides, and C. N .  R. Rao, Spectrochim. Acta, 19, 431 

( IYOJ) .  
(6) So,utions of 2c i n  Me2SO-ds underwent rapid discoioration and evolved 

oxides of nitrogen. 2c was insoluble in the common NMR solvents. 
(7) "Nuclear Magnetic Resonance Spectra", Sadtler Research Laboratories, 

Philadelphia, Pa., No. 9379M, 11 175M. 
(8) W. E. Noland, Chem. Rev., 55, 151 (1955). 
(9) A. T. Nielsen in "The Chemistry of the Nitro and Nitroso Groups", H. Feuer, 

Ed., Wiley, New York, N.Y.,  1962, p 385. 
( H, Voswinkel, Chem, Ber,, 34, 2352 
(1 1) We should like to thank Mr. S. W. Heinzman for carrying out this experi- 

ment. 
(12) R. Huisgen, Tetrahedron, 17, 3 (1962). 
(13) R. Huisgen, Angew Chem., Int. Ed. Engl., 2, 571 (1963). 
(14) 6 Chase and J. Evans, J. Chem. Soc., 4826 (1964). 
(15) G. W. Wan and C. M. Knowles, J. Org. Chem., 8, 540 (1943). 
(16) Compound 4 decolorized at about 80 O C  and then decomposed at about 

millivolts which were read ;jirectl;y from a Beckman Zeromatic p~ 
meter. 
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The kinetically favored products, methyl a-(a-tert- butylaminobenzy1)acrylates (Z), from the reaction of tert- 
butylamine with methyl a-(bromomethy1)cinnamates ( l ) ,  upon treatment with hydrogen bromide in chloroform 
and then triethylamine gave trans- 1-tert- butyl-2-aryl-3-carbomethoxyazetidine (7). Similar treatment of the kine- 
tically favored a-(a-tert- butylaminobenzy1)acrylonitrile ( 5 ) ,  of the reaction of tert- butylamine with a-(bromom- 
ethy1)cinnamonitrile (4) gave a mixture of cis- and trans- l-tert-butyl-2-phenyl-3-carbamoylazetidine (9 and IO) 
and trans- 1-tert- butyl-2-phenyl-3-cyanoazetidine (1 1 ) .  'H NMR spectroscopic studies, base-catalyzed epimeriza- 
tion, deuterium exchange studies, and chemical correlation of the azetidines were employed to assign the configura- 
tions. The mechanism and stereochemistry of the reactions leading to these cyclizations to produce the 1-tert- 
butyl-2-aryl :!-substituted azetidines are discussed. 

I t  has been reported2 that P-carboallylamines A are pre- 
cursors for the high-yield synthesis of l-alkyl-2-aryl-3-car- 
boazetidines. The cis- azetidine was usually the exclusive or 
major product, and readily epimerized to the thermody- 
namically more stable trans isomer in methanol in the pres- 
ence of sodium methoxide. 

0 
II 

h-CH-C-CC-R' 

I 11 
NH CH1 

I 
k 

A 0 
II 

0 
II 

cis d 
-QMe MeOH 

R = alkyl 
R = Ar o r  CH, 

The cis and trans isomers of the azetidines can be distin- 
guished readily from each other by the 'H NMR spectra.2b 
Compared to that of the trans isomer, the benzylic (C-2) 
proton of the cis isomer usually resonates as a doublet a t  a 
higher frequency. 

In a previous publication? it was reported that the reaction 
of 2 molar equiv of tert- butylamine with P-carbomethoxyallyl 
bromides 1 gave the substitution-rearrangement products 2 

0 
I1 

ArCH= C-C- OMe 

CHzBr 
I 

1 

0 
2-tert-buty lamine II 

c Ar CH = C-C- OMe 
I II pentane 

t-C,H,-NH CH, 
2 

0 
II 

Ar CH = C - C- OMe 

CH, 

t-C,H,-NH 

I 
I 

CHClj - 
3 

a ,  Ar = C,H, 

exclusively. Compounds 2 isomerized to 3 autocatalytically 
on prolonged standing in a polar solvent. 

I t  has also been reported4 that the reaction of tert-butyl- 
amine with a-(bromomethy1)cinnamonitrile (4) yielded the 

b, p-ClC,H, 


