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It is well established that N-nitrosoamines show restricted rotation about the N-N 

bond (1). Recently, we reported on nmr studies of N-nitrosamines using nitrogen-15 

substitution in the nitroso group to make configurational assignments in these compounds (2). 

We would like now to report on the extension of these studies to the determination of con- 

figurations in the related N-nitrosohydrazine system. 

As a class of compounds N-nitrosohydrazines have received relatively little 

systematic attention beyond the early preparative work of Thiele (3) and the more recent 

low-enrichment labeling studies concerned with the mechanism of nitrosation ( 4). While 

it is to be expected that these compounds would exhibit restricted rotation about the 

N-N=0 bond due to appreciable F?n-P,, bonding, this expectation has not been demonstrated. 

If n-bonding (>L = N - O-) is important in these systems the presence of configurational 

isomers I and II should be discernible in their nmr spectra provided that the rate of inter- 

conversion is not extremely rapid or that the stability of one isomer does not greatly exceed 

that of the other. At the outset it was not clear whether steric factors as in nitrosamines( 5,6) 
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or other considerations would be important in determining the relative amounts of the two 

isomers present at equilibrium. 
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Configurational assignments in N-nitrosohydrazines have not previously been 
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reported. Our earlier success in establishing configurations in the nitrosamine series 

based on the difference in the H-C-N-N15 coupling constants suggested that this method 

could be applied to the present investigation. Accordingly, a series of N-nitrosohydrazines 

were prepared and several of these compounds were labeled with nitrogen-15 (> 95% enrich- 

ment) in the nitroso group. Table I summarizes the chemical shift data for the protons alpha 

to both nitrogen atoms in each configuration and the relative amounts of the m(I) and 

c& (II) isomers present at equilibrium in the several N-nitrosohydrazines. 

TABLE I 

Proton Chemical Shifts in u- and TsE- N-Nitrosohydrazines a,b 

rc RrN( NO) NRzRr ,- cisc-, rtrans c-1 %d 

RI R2 R3 Ri 4 R3 % R2 R3 trans/cis 
---_ 

H. 

-- --_--- 
-- CH3 H 3.60 6.10 6.10 100/o 

PiiCH2 H H 5.22 5.70 5.70 100/o 

PhCHr CH3 H 5.20 2.50 2.50 100/o 

PhCHz PhCH2 H 5.14 3.84 100/o 

CH3 PhCH2 H 3.55 3.90 100/o 

PhCH, CH3 CH3 4.80 2.62 2.62 5.13 2.85 2.85 21/79 

PhCHCH3 CH3 CH3 5.42 2.45 2.45 6.01 2.63 2.63 41/59 

(-3 CJ53 CH3 3.08 2.65 2.65 3.63 2.85 2.85 9/91 

aSpectra were measured in CDC13 solution using either a Varian A-60 o: HA-100 spectrometer. 

bThe w configuration is defined as the one having the nitroso-oxygen oriented s~0 to the 

adjacent amino-nitrogen atom. ‘Chemical shift values of the D -protons are reported in 

ppm relative to TMS as internal standard. d At magnet temperature, -37’. 

-- 

The interesting feature of these data is that the nitrosohydrazinos may be divided into 

two groups; those in which either or both R, and R3 are hydrogen, and those in which neither 

R, or R3 are hydrogen. The nmr spectra of compounds in the former group show only a single 

set of resonances indicating the presence of only one configuration. ’ The spectra of com- 

pounds in the latter group which contain three alkyl substituents do indeed provide evidence 

for the presence of two configurational isomers. On heating, these compounds exhibit tha 

typical temperature dependent coalescence sequence which can be attributed to an increased 

rate of rotation about the N-NO bond. 

--- 

1 
A rapidly interconverting pair is not ruled out but is considered unlikely because the 

spectra remain essentially unchanged when the temperature is raised or lowered. 
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The conclusion to be reached in the case of mono- and dialkyl nitrosohydrazines is 

that the tm configuration is preferentially stabilized due to hydrogen-bonding as shown 

in III. The equilibrium thus favors the trans configuration in which intramolecular hydrogen 
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.’ 

III 

bonding is possible. This conclusion is supported by further observations. 

TABLE II 

Coupling Constants in N- [15N-Nitroso] -hydrazines. 

R,N( “NO)NRZR3 Ja HCNN” 
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R3 Cis trans 
----- -- 

H 2.2 

H 2.2 6.5 

H 6.0b 

H 2.2 6.0 

CH3 0 2.2 

CH3 0 1.9 

a All coupling constants expressed cps. 
b 

3btained from the unlabeled compound. 

The coupling constant data presented in Table II clearly show a difference in the 

magnitude of the H-C-N-N” coupling depending on the orientation of the nitroso group. By 

analogy with the coupling constants observed in 15N labeled nitrosamines where it was shown 

that the gr H-C-N-N” coupling was 2-3 cps and the & coupling was approximately 

zero, we suggest that a similar situation exists in the case of N-nitrosohydrazines. In each 
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of the examples studied where only one isomer is detected and hydrogen-bonding is 

presumably responsible it can be seen that the H-C-N-N” coupling falls in the range 2-3 cps 

which is in agreement with earlier work ( 1) . Furthermore, in those examples where 

Ri = PhCHz the chemical shift values recorded in Table I for the benzyl protons fall in the 

range 5.13 - 5.22 ppm which is consistent with their being assigned as trans to the nitroso- 

oxygen. B- a -benzyl protons would appear at higher fields (4.7 ppm) due to the shielding 

effect of the nitrosamino group ( 6,7). In this connection it is noteworthy to point out, as 

Karabatsos (6) has done, that whereas trans- a -methyl and methylene protons resonate at 

lower fields than their & counterparts, the reverse is true for a -methine protons. In view 

of the observation that only the high field quartet shows evidence of coupling to 15N in 

l-( a -phenylethyl)-2,2-dimethyl-N-nitrosohydrazine it would seem that similar conforma- 

tional arguments apply to these systems. 

Further evidence for the importance of hydrogen-bonding in these systems comes from 

the observation of H-N-C-H coupling reported in Table II. Ordinarily, rapid exchange 

between amino protons obscures observation of coupling between hydrogen on nitrogen and the 

adjoining protons on carbon in alkylhydrazines. Evidently, a strong hydrogen bond between 

the nitroso oxygen atom and the neighboring hydrogen bonded to nitrogen slows the rate of 

exchange of the latter so that H-N-C-H coupling of the order of 6-6.5 cps can readily be 

observed. 

In the course of this work some preliminary data regarding the configuration of N-nitroso- 

hydrazones were obtained. The nmr spectra of the N-nitroso derivatives of benzaldehyde 

methylhydrazone and benzaldehyde benzylhydrazone indicate the presence of only one con- 

figurational isomer in each case. From the observation that the methyl resonance in the 

r5N-substituted compound IV appears as a singlet ( 6 3.43), it is tentatively suggested that 

these compounds exist in the & configuration shown below. 
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