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The barriers to rotation, and to inversion of nitrogen, in derivatives of 

hydrazine are of current interestl. In a recent communication2 we showed that 

the barriers to rotation about the NN bond in such compounds can be significant, 

and also that significant barriers exist to inversion of nitrogen, contradict- 

ing conclusions reached from a study of the nicrowave spectrum of hydrazine but 

3 in agreenent with recent MO calculati.ons . Recently Fletcher and Sutherland 4 

have reported studies of the NMR snectra of various tetra-alkylhydrazines, which 

they took as evidence that the barriers to rotation are greater than those to 

inversion: these arguments, though strong, were not conclusive. 

This ambiguity can be resolved by examining the methylene proton signals 

in the WR spectra of compounds of the type (PhCH2)2PJNR2. With the accepted5 

gauche conformation of the amino groups, the two henzyl groups can he non- 

equivalent if, and only if, both rotation ahout the NN hond, and inversion of 

NR2 are slow on the NIIR time-scale. On the other hand the protons of a given 

henzylic methylene can be non-equivalent if, and only if, inversion of the 

adjacent nitrogen atom is slow. Examination of the proton FIYR spectra of such 

compounds therefore allows the relative rates of inversion and rotation to he 

compared. 

The proton I?XR spectrum * of tetrabenzylhydrazine (I) (Fiqure 1) exhibits a 

sharp singlet for the nethylene protons at room temperature. As the tempera- 

ture is lowered, the signal hroadens, and below -100' it splits into two compo- 

nents with unequal intensities (ca 1:3). At -120' the signal at low field is 
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Figure 1. Proton NMR spectra of tetrabenzyl- 
hydrazine (I) in CHPClz (5% W/V) 

a broadened doublet, the ratio of this to the unresolved component at hiqh 

field being 1:3. This suggests very stronoly that both rotation and inversion 

have become slow on the NMR time scale, the molecule beinq frozen in the qauche 

conformation (II). In II there are two pairs of non-equivalent henry1 qrouns, 

i.e. "inner" (a) and "outer" (h); if nitroqen inversion is sloxd, the qeminal 

protons of each methylene are also diastereotopic. The snectrum should then 

consist of two separate AR quartets, one for each tyne of henz>rl qroun; the oh- 

served spectrum (Figure 1) is consistent with this prediction if one AR quartet 

is widely spaced (ca 1 ppm), the other closely, the unresolved hiqh field 

signal corresponding to a superposition of the close AR quartet and one nair of 

lines from the widely spaced one, 

If so, the fact that the siqnal broadens asymnetrically indicates that 

rotation is slower than inversion: for the henzyl groups can become nonequiv- 

alent only if both inversion and rotation are slow. If inversion were slower 

than rotation, the henzyl groups would remain equivalent in a temperature range 

where the protons of each methylene become non-enllivalent; the proton signals 

* All spectra were determined at 100 MHz on a Varian HA-100 snectroneter. 
Temperatures were measured using a callibrated Conner-constantan thermocounle, 
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would then first split into a single symmetrical AR quartet. This behaviour 

was indeed observed** in the case of l,l-dihenzylhydrazine 2 where inversion of 

the NH2 group is likely to he rapid throuqh proton tunnellinq. Slow rotation 

alone cannot make the henzyl grouvs of I non-equivalent; if therefore rotation 

is slower than inversion, lowerinq the temperature will simultaneously both make 

the benzyl qroups non-equivalent, and also make the methylene protons nonequiv- 

alent. Owing to the complexity of the spectrum and the broadness of the lines 

(see below), the harrier could not be measured accurately: however an estimate 

at the coalesence tenperature (-105“C) is AC,* = 8 kcal/nole, i.e. similar to 

that in III**, This suqgests that the higher harriers observed by Fletcher and 

Sutherland4 (ca 11 kcal/mole)were indeed rotation and not inversion. We also 

studied the NXR spectrum of tetramsthylhydrazine at low temperatures expectinq 

the methyl groups to become non-equivalent; this, however, was not the case, no 

splitting being observed even at -150°C. The rotational harrier in II could 

well be due largely to steric effects. 

The tertiary amine, dihanzylmethylamine (III) also exhibits slow nitroqen 

inversion at low temperature. The nethylene protons occur AS a broadened AB 

quartet at -15n°C in vin:rl chloride solution: AvAR= 29 Hz, JAB=11 JIz. At the 

coalaescence temperature (-137“(Z), AC,? = 6.5 kcal/nole. This 1s in good agree- 

ment with the harriers to inversion estimated for other tertiary amines in the 

gas phase6 and with the values calculated 3 by the ~1INnO method, hut it is 

significantlv less than that (EA= 10.3 kcal/mole) estimated by Saunders and 

Yamada for III in aqueous solution. The difference is probably due to the 

effects of hydrogen bondinq. R 

An unexpected observation, common to all the hvdrazines we have studied, 

is the narked hroadening undergone at low temnaratures by the siqnals for 

hydrogen atoms aL to nitrogen, or attached to nitroqen. This novel eSfect is due 

** The spectrum of l,l-dibenzylhvdrazine in CJJFC12-CF2C12 at -120° shows the 
methT;lene protons as a broadened AR quartet; hvAR= 57 JJz;JAR= 12172. 
Comnarison of observed and calculated line shapes at the coalescence 
temnerature (-106OC) gave AC,* = R.0 kcal/mole. 
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neither to instrumental defects nor to viscosity of the solvent: for the TMS 

and other reference signals remained sham. Nor can it he due to N 14 yrladru- 

pole relaxation because this should become faster' at low temperature with a 

consequent narrowing of the proton signals. A similar hroadeninq of the methyl 

signals was observed previously 
10 

in the NMR spectra of certain dinethylamino- 

boranes at low temperatures: it was suggested that this miqht be due to slow 

rotation about CN honds. It is therefore clear that hroadeninq of "JCH2 siqnals 

at low temperature, without ohservinq signal splittinq, cannot he taken as 

strong evidence that nitrogen inversion is hecominq slow on the ?1MR ti.me-scale. 
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