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The N-isopropyl imine of lithioacetaldehyde, I, was found to exist as a 
50 : 50 mixture of two isomers, as seen below -20°C by ‘H and 13C NMR. 
Comparison of the population ratio and spectral characteristics of the isomers 
of this and related lithiated imines leads to the conclusion that they are rotamers 
all of which possess the syn configuration. This conclusion is supported by cal- 
culations of the barriers to interconversion. 

We have previously reported evidence from the alkylation of ketimines Cl] 
and aldimmes [ 21, supported by ab initio calculations [ 31, that metallation 
alpha to the C=N function yields exclusively the syn lithiated imine. All the 
experimental evidence is based upon the assumption that the alkylation reac- 
tion is sufficiently rapid to trap the anionic species, thereby yielding products 
whose configuration reflects that of the organometallic intermediates. In order 
to assess the validity of this assumption we have undertaken a study of the 13C 
and ‘H spectra of a number of lithiated imines over the temperature range -60 
to +30” C. These DNMR spectra provide clear evidence of a syn configuration 
for each of the lithiated imines examined, through the direct observation of 
conformational isomers (rotamers) separated by a barrier to rotation of 12 
kcal/mol_ Since this barrier to rotation about a N(spZjC(sp3) single bond is of 
unprecedented magnitude, we have sought confirmatory evidence both from 
other NMR spectral properties and by extensive ab initio calculations on N- 
isopropyl lithioacetaldimine and the energetics of its barriers to rotation and 
inversion_ 
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Experimental 

Each of the &nines and their hthio derivatives were prepared by the method 
described below for the solution of I. 

To a solution of 66 mmol of isopropylamine in 5 ml of o-xylene at 0°C was 
;tdcied66~ofofa~eMdehydebymeansofacold~ge,~ydroussodium 
sulfate, It g, was added to absorb the water formed during imine formation. 
After one hour the soWion was warmed to ruom temperature, filtered and the 
imine distilled off at 55--58”&. YieIds ranged kom 50% in the present case to 
70-80’7 for higher boiling imines. All imines were stored under argon at 0°C 
beforeuse. 

Is, Preparation of I-Zithiu 4-met~yI-3~zapru~-2-enide, I 
To 3 ml of te~y~o~~,.~eshly distilled from LiAlH.+, in a 25 ml syringe- 

capped TlasB maintained under a N2 atmosphere was added 4.2 mmol diisopropyf- 
amine. After cooling to -2O”C, 4.2 mmol of butyhithium (in hexane, Ventron 
Corp.) was added, After stirring for ten minutes 4.0 mmol of imine was added 
andstirring continued for 1 h.The solution was then~~sf~~edto~eappro- 
priate NMR tube previously flushed with argon in a glove bag under an atmkp- 
here of argon. The tube was sealed with paraffin before removing for transfer 
to the NMR instrument. 

AU i3C spectra were recorded on a Varian FT-80 NMR spectrometer oper- 
ating at a frequency of 20 MHz. The temperatures reported for the coalescence 
studies on this instrument are accurate to +4”C. Ah IH spectra were recorded on 
a Varian HA-100 NMR spectrometer operating at 100 MHz. The temperatures 
reported for studies on this instrument are accurate to ~2” C, both instruments 
having the probe temperatures monitored by thermocouple measurements 
before and after obtaining the spectra. 

Ab initio cakuIations were performed using the Gaussian 70 program of 
Hehre, Ditchfield, Newton and Popfe, QPCE 236. 

ResuRs and discussion 

A solution of N-isopropyl alpha-lithioacetaldiine, I, in THF gave a i3C spec- 
trum at 25” C containing signals assignable to the earbuns I, 2 and 3 in structure 
I_ unfortunately, the signals for carbon 4 were obscured by solvent. As the tem- 
perature was lowered the three observablesignals broadened and separated into 

1 /=k=5”,3 4 
CH*/’ - CH tCH,f, 

* 

two peaks in the range 0 to -2O*C, giving two sets of sharp signals of essentially 
equal in&znsities (pI = pEI j at -40°C. Similarly, a classical coalescence spectrum 
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was observed for the formyl proton in the ‘H spectrum at -18°C. Obviously 
two species are present in the solution of I which are interconverting via a pro- 
cess having a free energy of activation of 12.7 kcal/mole. The spectral details 
are summarized in Table 1. 

The two species detected could conceivably represent either a pair of syn-anti 
isomers, or two rotational isomers with respect to the N-C bond. In order to 
distinguish between these alternatives, the structurally related lithioimines II, 
III and IV were synthesized and the 13C spectra of these species were measured 
over the temperature range -60 to +25”C. 

/ 
CH (CH,), 

N 
/ 

CH2CH2Ph 

N 

I I 
,C& 

- 
Li+ I 

: - 

2, 

Li + 
I 
’ 

CH3 CH2 
/ \ 

j\\ 

- Li+ 

(CH,),CH CH2 H CH2 

(II) (III) (19) 

For the lithioimines II and III, two species were detectable at -25” C or below. 
In contrast, IV showed no change in its 13C spectrum down to -6O’C (at lower 
temperatures, solubility problems occurred). The variable temperature spectral 
characteristics of all the lithioimines summarized in Table 1 indicate a small 
change in the population ratio of the two species in spite of the replacement of 
H by methyl or isopropyl groups. This behaviour is not consistent with the 
presence of a syn-anti equilibrium [6], nor is the fact that IV did not exhibit a 
temperature dependence. A further indication that the two species are not syn 
and anti isomers is provided by the ‘H vicinal coupling constants in I and V. The 
values for the vicinal couplings between protons on C(1) and C(2) were 7.5 and 
14.5 (+0-l) Hz in both forms. Previous studies on lithiated aldehyde hydrazones 
have shown that syn and anti isomers had significantly different J’s 173 _ Thus 
the probable origin of the two species is a high barrier to rotation about the 
N-C bond, albeit of an unusually large magnitude. Indeed, rotational barriers 
involving an sp3-sp2 C-C bond have not been observed previously in metallated 
propenes [ 8,9]. It is quite possible they would have lower AG* ‘s due to a 
decrease in the ground state steric destabilization when a -‘yH is replaced by 

‘“;‘: _ Also those examined * have only involved structures analogous to IV 

which showed no barrier. Thus, we propose the barrier for the interconversions 
a=+bora+c, as depicted in Scheme 1 as responsible for the variation in spectra 
with temperature. Further experimental evidence was sought by examination of 
the VT spectra of V, which would in principle exhibit two coalescences between 
three rotamers (e.g., CH3* = C2H5 in Scheme 1). Only two sets of peaks were 
observable below -lO°C, indicative of a single observable coalescence (Table 1 
also presents the results for V). 

* An analogous case. that of Z-1-isopropylally potassium was recently studied Cl01 but only at room 
temperature and above. 
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SCHEME 1 

0 b 

Confirmatory evidence of a totally theoretical nature is provided by ab initio 
calculations on the anions of N-methyl and N-isopropyl acetaldimine. We 

C4-43 

\ 

/ 
CHCH,CH, 

N 

Li + 

reported earlier that rotational barriers in alkylamides are about 1.0 kcal/mol 
higher than those in the corresponding amines, but coordination with Li+ lowers 
these barriers to approximately the same values as in the amines [lo]. Previous 
caIcuIations of the rotational barriers in VI [S] indicate that the staggered con- 
formation shown isthe most stable, as is also observed for methylamide, VII 
[lo]. The barriers to rotation to eclipsed conformations are 3.8 and 2.8 kcaI/ 

H H . 

N N/i-Pr 
I 

A 
H I 

: - 
. . : - 

H -CH2 
H A =. 

H CH2 

mol, respectively, in these two species at the 4-31G/4-31G level [lO,ll] . For 
the N-isopropyl anion, VIII, only partiial geometry optimizations were carried 
out using the minimal STO-3G basis set for two approximately staggered and 
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Fig. 1. Energies of rotamers as a function of dihedral angle Q(Q = 180° for H-C-N-C in antiperiplanar 
arrangement). 

two eclipsed conformations and the results are summarized in Figure 1 and 
Table 2. Three staggered conformations correspond to energy minima, while 
the three eclipsed are energy maxima. Using a three term Fourier analysis of 
these rotational barriers *, the true energy minima can be estimated to lie at 
rotational angles of 45” and 3X5”, separated by a 1.9 kcal/mol barrier at 0” C. 
The global maximum is 11.1 kcal/mol above the absolute minimum, in good 
accord with the measured free energies of rotation of 12-13 kcal/mol (Table 1). 
The less stable staggered conformation, a, which has an energy 4.0 kcal/mol 
above that of b(c), is higher in energy than is found experimentally, where 
AG(a) = AG(b) = AG(c). We attribute some of this error to incomplete optimiza- 
tions utilized here, but the role of lithium and salvation should be important as 
well. For example, in our earlier calculations on methylamide and ethylamide, 
the rotational barriers were reduced by 0.8 and 1.0 kcal/mol, respectively, upon 
coordination to Li’. This was attributed to unfavorable steric interactions of Li 
with H or Me, in the favored conformation. In VIII, Li-Me interactions will be 
greater in conformation b = c than in a, regardless of the precise location of Li. 
We have reported earlier that the energies of VIII with Li’ r-bonded to the ally1 
anion system, or o-bonded to N, are similar in energy, and that Li is close to N 

* 43lG/431G refers to 431G energy calculations on geometries fully optimized at’the 431G level 
[121. Cahdations were carried out with GAUSSIAN 70. QCPE 236. 
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TABLE 2 

iTO-3G OPTIMIZED ANGLES FOR SYN-VIII = 

CH 
I 3 

Dihedral Angle Parameter(O) Energy (ax_) 
CNCH<O) 

a b c d e f 

0 137.0 114.8 112.6 114.8 110.8 110.8 -246.36176 

33 136.0 113.8 113.1 113.1 109.7 113.8 -246.36424 

120 141.6 122.6 110.5 108.3 108.0 121.7 -246.34704 

180 138.5 117.2 111.9 106.2 115.0 115.0 -246.35791 

a Bond lengths for the imine anion portion of the molecule are obtained from the 4-3iG optimized 
geometry reported earlier for VI_ The isopropyl group is standard @(CC) = 1.54 d. r(CC) = 1.09 A. 
<CCH = 109.5O) except for angles e and f. which were optimized in each conformation. 

in both of these species. Thus Li’ coordination is expected to lower the energy 
difference between a and b = c. 

The origin of this relatively high a =+ b barrier found experimentally and 
theoretically is obviously the steric compression between an isopropyl methyl 
and the CHCH* moiety which occurs in the tiansition state between a and b. 
We did not carry out optimizations of the cmti-VIII. Using a standard isopropyl 
group and the imine anion geometry obtained for VI, the highest barrier to 
rotationaboutthe N-C bond is calculated to be 15.8 kcal/mol. Usingthe cor- 
responding standard geometries for syn-VIII, this barrier is 45.4 kcal/mol! Thus, 
barriers to N-C rotation in the anti species are much lower than those in the 
syn, so only syn-VIII is expected to have the high barriers observed experimen- 
tally- 

We have also found that the barriers to N-inversion and rotation about the 
N% bond, to give syn-anti isomerization of the irnine anions, are 37 and 21 
kcal/mol 1131, respectively, so that these processes are not the ones being ob- 
served in solution. 

In summary, we have demonstrated the presence of exceptionally high rota- 
tional barriers in lithiated imines. Since such barriers could only arise in a syn 
isomer, our original conclusion that for lithiated imines the syn configuration 
predominates (>95%) at -78” C in THF solution is confirmed. 
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