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Abstract: A dynamic NMR study of a number of acyclid,N-dialkylneopentylamines, supported by molecular
mechanics calculations, is reported. With simple alkyl groups, eclipsed conformations are encountered for,the NCH

Bu' bond, which has a high 1-fold rotational barrier. The N-inversion/rotation process hGA:BuU was rendered
detectable by desymmetrizing the molecule asM@HDBU. Here the decoalescence of sepatd@® signals for

the diastereotopic NMe groups allowed the measurement of the corresponding free energy of ach@itisro(4

kcal molY). With significantly more branched alkyl groups, the-RBH,But bond adopts a conformation intermediate
between staggered and eclipsed. Trineopentylamine and an analogue undergo a novel concerted back and forward
60° rotation through eclipsed conformations about theQ¥H,Bu' bonds, with a barrier which dynamic NMR indicates

must be at least 8.3 kcal mdl

Introduction R'R’NCH,Bu'

There has been much recent interest in molecules having al R',R*=Me 4 R', R®=Pri 7 R'=Me, R?=CH,Bu'
saturated bond which prefers to adopt an eclipsed confornafion. 3 ! = me, R2 = Bt
Particularly notable are simply substituted compounds such as
N-neopentylpiperidin& andtert-butoxycyclohexané? where the
exocyclic N-CH, and C-O bonds, respectively, are eclipsed.
This paper reports an investigation of the conformations of a
number ofacyclic neopentyldialkylamines TR2NCH,Bu' (1— steric factors. However, if other conformations of the bond are
10) and shows that, while eclipsing results from the interaction not populated, the barrier is 1-fold and so cannot be measured
of substituents, the likelihood of eclipsed conformations does by the usual dynamic NMR method. NeopentylaminéBRR

not necessarily increases with the increasing bulk of the NCH,Bu! (R! = R?) with an eclipsed NCKEH,BuU' bond are not
substituents. It was early recognized that eclipsed bonds aresubject to this limitation since they exist in two equivalent
generally to be associated with relatively high rotational arrangements (see structures | and IV in Scheme 1) in which

barriers3e4tfor these two features are a consequence of the sameprotons H and H, have different environments.

5 R'=Et,R?=Bu' 8 R' = CH,Ph, R? = CH,Bu'

3 R, R =Et 6 R'=CH,Ph,R’=Bu* 9 R',R?=CH,Bu'

10 R' = CH,Bu!, R? = CH,~(1-adamantyl)
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Interconversion of these structures inevitably involves rotation
about C-N bonds, since pure nitrogen inversion converts an
eclipsed conformation (e.g., I) to an anti one (ll), which requires
18C of rotation to bring about conversion to the equivalent
stable confomation (IV). A high experimental barrier to the
I—IV interconversion may indicate that the energy maximum
occurs during rotation rather than nitrogen inversion, so the
measured barrier corresponds, in practice, to this rotation.

In keeping with this high-barrier postulate, Forsyth and
Johnson have report&dthat the nitrogen inversion/rotation
process irN,N-diethylneopentylamine3] has a barrier of 9.5
kcal molt, significantly higher than in similar amines, for
exampleN,N-diethylmethylaming®? (7.9 kcal mot?), indicating
that the interconversion process is rotation-dominated. They
also remarked that calculations f8rsugges® that different
conformations about thid-ethyl bonds are of similar energy, a
point which we will demonstrate here by direct experimental
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Scheme 1 Table 1. Calculated Conformations (Torsion Angles) for
Dialkylneopentylamines FR?2NCH,Bu' (1—10) as Obtained by
9 _._I____ MM3 Calculation8
N Nitrogen Inversion . 2 neopentyl group group R group R relative
\'1'""’/92 = & » compd R R2 Ip-N—CH—Bu! Ip-N—C—X Ip-N—C—X energy
R N
O g’ 1 Me Me 13 56 62  0.00
I - 44 54 58 0.68
N-CH, 2 Et Me 13 48 64 0.00
} Rotation 17 —47 64 0.01
8 178 64 0.65
@ " 43 52 65 1.18
Ha N, Hoal & 3 Et Et 19 42 64  0.00
Ho A - 7\ G 8 179 53  0.36
R! TR \\ = anr 44 176 —42 1.65
i / B 4 Pi Pi 22 73 80
| 1 v 5 Et Bu 26 22 176 0.00
9 175 175 0.67
_ ) 6 CHy,Ph BU 24 33 176
measurements. An appropriate example of how much higher 7 cH,But Me 23 37 61 0.00
can become the barrier of a rotation-dominated process is that 6 49 74 0.02
reported by Nelsen and Cuniewho determined aAG* = & CHBU CHPh 227 1%92 367 %%%
12.0 kcal mot? in a N-neopentyl-substituted azabicyclo deriva- 2 2 oa 35 167 279
tive. Three additional studies of crowded acyclic neopentyl- 9 cH,But CHBU 31 32 32
amines are also worth notifg.In compounds4—®6, it is 10 CHBU' CH,Ad 31 32 31

calculated that the most stable conformation for the molecule
has the nitrogen lone pair to neopentyl group bond abobit 20

from eclipsed, with nitrogen inversion/rotation barriers of 8.8, ¢onformatiorte since the'3C shift separation of its carbons C2
8.2, and 9.2 kcal mof, respectively? ¢ which are relatively  anq Cg appeared to be independent of temperature.

large for such highly substituted amines. In the cas8, die We here discuss dialkylneopentylamiries10, compounds
conformation is confirmed by a crystal structure determingfion. 7_1q having two or more neopentyl groups. The results for
For each of these molecules, other conformations of quite low 4_g have been taken from the literatifre.

relative energy, having the neopentyl group more or less
perfectly eclipsed, are calculated to exist. In the casB, af Results and Discussion
signal is seen in the NMR at141 °C for this conformation,
which is calculated to be over 20% populated at room
temperaturé?

Dynamic NMR spectroscopy is suitable for studying unsym-
metrical amines MR2NCHH,Bu' (R! = R?) since, when
interconversion of forms | and IV of Scheme 1 is slow on the
NMR time scale, protons Hand Hs are diastereotopic and there
may be also changes in the spectrum of groupauil R, if
they are suitable. When!Rind R are identical, there are no
changes in the signals of the neopentyl group, but the inter-
conversion may be studied from changes in the spectrum of
the substituent Rif it comprises a prochiral group.

The evidence for eclipsing of the NGHR bond is usually
indirect. Molecular mechanics calculations (programs MMX
and MM3 have been used) suggest whether the bond is
eclipsed, and in at least one cdsihijs conclusion was confirmed
by direct X-ray crystallographic evidence. Forsyth has sugd®sted
that, in RNCH,Bu derivatives, which have been desymmetrized
by deuterium substitution (i.e.,,RCHDBLU), the temperature-
dependent separation of tAR&C NMR signals for groups R
(which are enantiotopic in the absence of labeling) “is diagnostic
of isotopic perturbation of a degenarate equilibrium”. On this
basis he concludég®that in compounds such astdrt-butyl-
N-benzyld;-piperidine or MeNCHD(CH,)sMe a substantial
amount of gauche NCHD bond conformation had to be
present. On the contrary, the tdr-butyl-N-neopentyld;-
piperidine is likely to adopt essentially a single (eclipsed)

2The relative energies are given in kcal mbol

Calculations of Conformations and Their Energies. Table
1 shows selected information on the MM3-calculated minimum
energy conformations of compouniis 10. For each of these
compounds, all conformational minima having more than 2.5
kcal mol! excess relative energy have been excluded. For
convenience the torsion angle between the lone pair and the
group X (when R is of the form CX) is shown unless
otherwise stated. Except fat, conformations with theert-
butyl of a neopentyl group anti to the lone pair are always at
least 4 kcal mot! higher in energy so will not be further
discussed. Itis important however that this justifies our talking
of nitrogen inversion/rotation as a single process. In other
systems) nitrogen inversion and bond rotation in neopentyl
compounds can be distinguished clearly and given separate
barriers.

NMR Observations. (a)N,N-Dimethylneopentylamine (1)
MM3 calculations (Table 1) indicate that along the N&ddnd
there is a significant predominance of the eclipsed conformation
over the gauche-staggered one. MMX suggests a less marked
preference, eclipsed being more stable by only 0.2 kcat ol
compared with 0.68 kcal mot (MM3). Experimental support
for an eclipsed form might come from a barrier for the
N-inversion/rotation process close to or higher than 9 kcattnol
This suggests that the interconversion is rotation dominated, a
feature associated with an eclipsed ground state conformation
(Scheme 1). Because of its symmetry, compaliisunsuitable
for dynamic NMR study, so we used Forsyth’'s stratagem of

(6) (@) Anderson, J. E.; Casarini, D.: Lunazzi,L.Chem. Soc., Perkin  isotopic desymmetrizatidrof 1 as MeNCHDBU (1-d;). Here
Trans. 21990 1791. (b) Anderson, J. E.; Casarini, D.; LunazziJLChem. the N_methy| groups become diastereotopic when the N-
gggéri';ﬁ"gf Eﬁﬁgiii,zlffloﬁ%hé% g’gdlegsgnl'féf'; Tocher, D. A inversion/rotation is slow on the NMR time scale. Furthermore,

(7) MMX forcefield as in PC MODEL, Serena Software, Bloomington, as explained in the Introduction, their observed chemical shift
IN. See also: Gajewski, J. J.; Gilbert, K. K.; McKelvey,Aldvances in separation, by being dependent on (or independent of) the
MO('S)CE‘;';"A'\Iﬂﬂ‘éZ'r'f”,\?_JLA_;' \l?lrﬁssv GHreeLﬂWJ'ChHS:TAéggczhg/n‘i' 2 q989 temperature, shows whether a significant amount of the two
111, 8551. (b) Allinger, N. L.; Rahman, M.; Lii, J.-Hl. Am. Chem. Soc. ~ 9auche conformers (i.elB,C of Scheme 2) is present (or not)
199Q 112, 8293. in the equilibrium.
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In a CCLF,/CHF,CI/CD,ClI; solution, the NMe signal af-d;,

which appears as a single lin&¢, 75.5 MHz) at ambient ‘

temperature, broadens belevB0 °C, decoalesces at aboul04 ‘

°C and splits (at-110°C) into a doublet, with a chemical shift 149°
separation (0.029- 0.001 ppm) which remainsonstantdown

to —130 °C. Nitrogen inversion/rotation is now slow on the

NMR time scale, and the methyl groups are diastereotopic due

to the chirality, created by the deuterium labeling, of the- ‘

butyl bonded carbon atom (intrinsic isotope effécth complete

line-shape fit of the signal leads to a free energy of activation

(AG") of 9.4+ 0.2 kcal mot?, corresponding to the intercon-

version of | and IV in Scheme 1. 155°

It seems therefore appropriate to conclude that the quite high
(9.4 kcal mot?) interconversion barrier, as well as the temper-
ature-independent shift separation of the two NMe lines is
indicative of a single, eclipsed conformetA( in Scheme 2).
This agrees with MM3 calculations mentioned above which ”'”‘;;”""”;F”‘r'”;g””"";g"”"";_"{
correspond to a population of almost 90% eclipsed<&i.0 Figure 1. 3C NMR spectrum (75.5 MHz) of theert-butyl group of
°C). Furthermore, the observed chemical shift difference of ye,NCH,Bu (1) as function of temperature, showing the splitting of
0.029 ppm agrees exactly with that found in the corresponding the methyl signals due to the restricted SH{CMe; rotation.
deuteratedN-neopentylpiperidine derivative which is eclipsed Table 2. Low-TemperaturéH NMR (300 MHz) Selected
at the N-CHD bond. This suggests that there is no confor- : - .
mational equilibrium contributing to the difference in chemical F2rameters for BAFNR'R® (2, 3, and7-10) and Free Energies of

. k MR . Activation (AG* in kcal mol?) for the Observed Dynamic
shifts but, in both cases, merely an intrinsic isotope-induced processes

asymmetry. , compd R R AG" group 6 (ppm) J(Hz) T(°C)
It should also be reported that th€ tert-butyl methyl signal
. : A 2 Et Me 8.75 NCHMe — 2.41 —60
in both 1-d; and in the unlabeled broadens below-140°C 227:237 —115 —130
and eventually splits{155°C at 75.5 MHz) into a 1:2 doublet 8.95 NCHBU  2.06 60
(Figure 1), whereas the other signals of the spectrum are not 1.83;2.18 —14.0 —130
affected. Such a feature is clearly the consequence of a 3 Et Et 9.7 NCHMe 245 —60
restricted HC—CMe; bond rotation, which yields a staggered 72 CHBU Me 8.45 NCHBU 2'325.'22'45 —128 7_138
rotamer where two equivalent methyl groups of teg-butyl 2.08:2.22 —12.8 —125
moiety are gauche to the dimethylamino group and the third 8 CH.,Ph CHBuU 8.40 NCH,BU'  2.30 —-75
one is anti. The corresponding interconversion barfes{= 213,250 -13.5 —120
5.9 + 0.15 kcal mot?) fits the expectation for this type of ¥ CHBU CHBU 84 NCHABU 2025-2(2) 30 —-135 —_1;(;
rotational process. 10°° CHBU CHAd 83 NCHBU  2.15 ~40
Quite surprisingly, in an acetori/CCl,F, solution of1-d;, 1.97,2.16 —13.0 —125
the separation of the twiC NMe signals (detected below100 1.99,2.15 —13.0 —125
°C at 100.6 MHz)increasesremarkably on further lowering 83 NCHAd 2.07 40
' 1.91;2.06 —13.6 —125

the temperature (i.e., 0.045, 0.062, 0.078, and 0.090 ppm at = In CHECI/CaDo* In CR.Cl/acetoneh < 1n CHRCICDC T
—105,—-110, —115, and—120 °C, respectively), whereas the oo 2 - 22
interconversion barrier was unaffected by the change of the CHRCI/CD;OD. ©At 600 MHz.

solvent. As mentioned above, such a change in relative shifts

indicates a temperature-dependenent equilibrium, the mostcant equilibrium, however, might be responsible for the tem-
obvious possibility being one involving eclipsed and gauche perature dependence of chemical sHifts.

conformations. This implies that in the highly polar acetone . i i .
solution there is now a significant population of the asymmetric () N,N-Diethylneopentylamine (3). This compound is
(thus probably more polar) gauche conformer in contrast to the considered beforél-ethyl-N-methylneopentylamine2j since
situation encountered in a solvent of lower polarity such a knowledge of the conformations of the former helps an
CCLF,/CHRCI/CD,Cl,. Indeed MM3 (and even more so understanding of the latter. Both thd and'*C NMR spectra
MMX) calculations yield an energy difference between the two Of 3 are temperature dependent, and some of the changess of
conformers which is relatively small (Table 1), so it is not spectra have been reported previously by Foréytithus, the
implausible that there be a noticeable change of their relative protons of the ethyl groups become diastereotopic at low
proportions in solvents of quite different polarity. Any signifi- temperatures (see Table 2), showing that the nitrogen inversion/
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Table 3. Low-Temperaturéd®*C NMR (75.5 MHz) Selected Shifts (ppm) for BIH,NR'R? (2, 3,and 10) and Free Energies of Activation
(AG¥ in kcal mol?Y) for the Observed Dynamic Processes

compd R R? AG* T,°C NCHMe NCH:Me C(BW) NCHzBut
2 Et Me 6.6 -80 13.3
—145 14.1;20.4
3P Et Et 6.0 —130 11.5 49.8 64.5
—151 4.5;13.2 48.3;51.4 61.2;65.1
10¢ CH,BU CHAd 8.6 —80 32.3 71.9
—120 33.3;33.5 71.2;71.9

2|n CRCI/CDsOD. °In CHR,CI/CgDe. ¢ In CHR,CI/CD,Cl,.

Scheme 3
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The doubling of the signals for the lone neopentyl group (lines
a and c of Figure 2) indicates that two different sets of
conformations, fortuitously of about equal population, are
present. The very low temperature range at which these
conformers become detectable strongly suggests that they result
from restricted rotation of the N ethyl groups. Indeed both MM3
and MMX calculations (see Table 1, first two entries ®)r
suggest that two such forms, differing by the arrangement at
the two ethyl moieties, have quite similar energies (the computed
difference being respectively 0.36 and 0.1 kcal mdpl The
same calculations suggest that the neopentyl group eclipses the
N lone pair in both cases.

The three signals (lines b of Figure 2) observed for the NCH
ethyl carbons at-151°C, and the 3:1 intensity ratio observed
for the two signals of the methyl ethyl carbons (lines e of Figure

60 10
Figure 2. *3C NMR spectrum (100.6 MHz) of EICH;BU (3) at —40 2), indicate that in one of the two exchanging sets the two ethy!

°C (above) showing a single line, respectively, for the N@drbon

of the neopentyl group (line a), for the two NgEarbons of the ethyl
group (line b), for the quaternary carbon (line c), for the thiex-
butyl methyl carbons (line d), and for the two methyl carbons of the

groups are different, whereas in the other they are equivalent.
Since neither of the two most stable computed structureds of
has a symmetry which would account for two equivalent ethyl

ethyl group (line 2). Underneath is displayed the spectrum 61 groups, the ob_served equivalenqe must be the result of a fast
°C, showing the splitting of the lines a, b, ¢, and e due to restricted (in the NMR time scale) dynamic exchange. The stereody-
N—Et rotation. namics of such a process can be understood on the basis of

rotation process, interconverting structures | and IV in Scheme Scheme 3.

1, has become slow on the NMR time scale. We measured for ~Structure3A corresponds to the first entry f@rin Table 1,

the corresponding barrier a value of 9.7 kcal mMplwhich is calculated to be most stable, and has both the methyl groups of

essentially equal (within the- 0.2 kcal mot? error) to that of ~ the ethyl moiety in a gauche relationship to the nitrogen lone

9.5 kcal mot? previously reportets for the same molecule and ~ Pair. The methyl (starred) of one of the two ethyl groups can

to that we measured for the labeled derivatited;. rotate past the nitrogen lone pair in a low-energy process leading
These changes have no equivalent in#@NMR since no  to the symmetrical conformedB (where the two ethyl groups

two carbon atoms have become diastereotopic; however, atare equivalent).

lower temperatures, further changes, not previously observed, The energy 08B is computed to be more thant 2 kcal mbl

take place in thé3C NMR (see Table 3 and Figure 2). The higher than3A, so that this conformer is not appreciably

signals of the methylene and quaternary carbon of the neopentylPopulated (thus not observed experimentally). FrGi,

group split to a doublet of apparently 1:1 relative intensity, while however, an analogous rotation of the methyl ofakiger ethyl

the signal of theert-butyl methyls shows only broadening. The group (unstarred) leads equally easily to the enantiomeric

ethyl group signals split to give a 3:1 doublet for the methyl conformer 8A’, not shown) oBA. The rapidly interconverting

groups and three peaks, with an apparent 2:1:1 relative intensity,conformational set comprisirA, 3B, and3A’ thus yields only

for the methy|ene groups. Corresponding Changes were ob-0ne set of Signals for the two ethyl groups even at the lowest

served in theH NMR but are very complex. temperatures.

. — The second kind of conformational minimuBC (or its
(9) As an alternative explanation, it could be assumed that acetone exerts

a temperature-dependent solvent effect upon one of the two diastereotopicenantlomesc) corresponds to the second entry &in Table

NMe signals of the eclipsed form which differs from that exerted on the 1 and has one methyl group anti to the lone pair while the other
other signal. Such “ad hoc” hypothesis might explain the experimental is gauche. Contrary to the previous case, a low barrier rotation

observation without having to contemplate a change in the proportion of of a methyl group past a lone pais not a means of
the eclipsed and gauche conformers. Such an explanation, however, would. 4 s inal | lei f .
contradict the considerations reported in ref 4 and, anyway, seems quite/NterconvertingC and3C' so a single molecule in conformation

unlikely to us. 3C (or 3C') givestwo ethyl signals, one each for the anti and
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at the lowest attainable temperaturel@5°C), which suggests
an intensity for this second conformer lower than about 5%. It

group rotating past an ethyl or neopentyl group, and it is such seems reasonable to conclude, by comparison @itinat an
rotation processes which are slow on the NMR time scale at ethyl-group rotation process is taking place, and the method of
—151°C. A complete line shape analysis yielded the corre- Anet and Basud allowed us to determine a free energy of

sponding barrier, i.e AG* = 6.0 £+ 0.2 kcal mot™.
(c) N-Ethyl-N-methylneopentylamine (2) Two dynamic

activation of 6.6+ 0.3 kcal/mol for the N-CH, bond rotation.
Calculations suggest (see Table 1) that the neopentyl group

processes appear in the NMR of this compound. The first is is always eclipsed but that the three staggered conformations

visible only in the'H NMR spectra (300 MHz) of the CH-N
groups, where the two protons of the g8 and of the Ch-
Me groups become diastereotopic, bele80 and—100 °C,

for the ethyl group are of similar energy. The first two of these,
where the methyl of the ethyl group is gauche to the lone pair,
interconvert by that methyl group rotating past the lone pair in

respectively. These changes, summarized in Table 2, correspond low-barrier process. The process producing the observed line
to nitrogen inversion/rotation becoming slow on the NMR time broadenlng (at-129°C) is plau5|b[y the interconversion qf thg
scale with barriers (derived again by total line-shape analysis) gauche pair of conformations with the anti conformation, in

equal to 8.95 and 8.75 kcal md| respectively, yielding an
average value of 8.8% 0.15 kcal mot™.

Below about—120 °C, further changes are seen in th€

which the methyl of the ethyl group rotates past a methyl or a
neopentyl group. Within the experimental errors the barrier
measured foR (6.6 kcal mof?) is of a size comparable to that

spectra (75.5 MHz). Different degrees of broadening, followed found for ethyl group rotation i3 (6.0 kcal mot).

by sharpening on further cooling, are observed for a number of

(d) Trineopentylamine (9) and N-[(1-Adamantyl)methyl]-

the signals, behavior typical of a dynamic NMR process between dineopentylamine (10)are calculated to have similar confor-

two conformers of very different intensit§. The effect is most

mational behaviors, with one conformer (and its enantiomer)

evident for the methy| signa| of the ethy| group, which reaches being more stable than all others. The preferred conformation

its maximum broadening at129°C. A separate minor signal

is calculated (Table 1) to be the one in which each tertiary alkyl

could not be observed, however, when the line sharpened agairf"oUp is gauche to the lone pair in the same sense with a torsion

(10) (a) Sandstm, J. Dynamic NMR Spectroscoppcademic Press:

London, 1982. (b) Casarini, D.; Davalli, S.; Lunazzi, L.; Macciantelli, D.

J. Org. Chem1989 54, 4616.

angle just over 39 almost exactly halfway between staggered
and eclipsed.

(11) Anet, F. A. L.; Basus, V. J. Magn. Reson1978 32, 339.
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Figure 3. IH signal (300 MHz) of the methylene hydrogens of
trineopentylamineq) as function of temperature.
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Structure V in Scheme 4 represents this conformatiord @or
(R = 1-adamantyl) with each NCH, bond rotated anticlock-
wise from eclipsed by 32 This is accompanied by anticlock-
wise rotation of 11 about each Ckt+Cguatbond away from its
normal staggered conformation and rotation of abduin2a
similar sense for each MeCqya: bond.

In the enantiomeric conformation VI, all of these rotations

J. Am. Chem. Soc., Vol. 119, No. 34,8085%/
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Figure 4. 13C NMR spectrum (75.5 MHz) 010 at —35 °C (top) and
—120°C (bottom). At the latter temperature, the line of the neopentyl
NCH, carbons and that of the quaternadeyt-butyl carbons are split.

-120°
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There are two sets of processes that can interconvert enan-
tiomeric conformations, and in Scheme 4, which shows Newman
projections along Ck+N bonds, some protons and carbons are
labeled A, B, X, and Y to indicate their fate when this happens.

are in a clockwise sense. Minimum energy conformations have The first process is a rotation of about’dy each CHR group
thus been reached by rotation of all bonds, concertedly in the which interconverts conformers V and VI. According to the
same sense, away from the ideal, taking this to mean the eclipsectalculations, there is no conformational minimum with one

conformation reported earlier for simpler molecules, for the
N—CH; bonds.

As for NMR evidence, considering the more symmetrical
compound9 first, the 13C NMR spectrum shows no changes
down to—150°C, while in thelH NMR (Figure 3), the singlet

for the methylene group broadens and splits to a symmetric AB-

spectrum below-95 °C, with a barrier of 8.4 kcal mof for
the dynamic process responsible. In contrast, the Sighals
of triethylaminé? and tribenzylamin&? which have the same
3-fold symmetry formally, were found to split into more
complex, asymmetric groups of lines.

Additional information was afforded by the less symmetric
close analogué0, in which the adamantyl moiety, although a

different substituent, has steric requirements similar to those of

the tert-butyl group. In the'3C NMR at —120 °C (Figure 4

CH;zR group rotated in the sense opposite to the other two, so
this suggests that the three groups must rotate together in a single
process in which eachNCH, bond is eclipsed in turn.

The second enantiomerization route is formally inversion of
the nitrogen atom plus rotation of about t88bout N-CH,
bonds leading to structures VII and VIII, which correspond to
V and VI but with groups X and Y interchanged. If-fCH;
bond rotation and N-inversion occur independently of each other,
a very unstable intermediate structure like IX would be involved.
It is more likely that as nitrogen inversion progresses some
degree of rotation of one or more of the gt groups takes
place, so that interconversion takes place with a smaller barrier
by not involving 1X.

Consideration of Scheme 4 shows that for the more sym-
metrical compound®, neither the slowing of 60rotationalone

and Table 3), the signals of the neopentyl groups are split into nor the slowing of nitrogen inversion/rotati@one produces

equal doublets, except for the methyl carbon signal which is,

a change in the spectrum. sHbecomes different from glonly

however, broadened. There is no significant change in the whenbothprocesses are slow on the NMR time scale, and even

adamantyl carbon signals compared with room temperature.
The low temperature appearance of tHesignals of the three
N—CH, groups could be clearly interpreted only at much higher
field (600 MHz). Down to—75 °C, this region appears as two
singlets of relative intensity 4:2, but splits into three AB-type
quartets of equal intensity at125°C (Figure 5 and Table 2).

then, groups X and Y remain equivalent. Thus, of the two
enantiomerization processes fjrone has a barrier of 8.4 kcal
mol~1 while the other has a barrier greater than this, but how
much greater cannot be determined, nor is there any indication
which barrier is which.

Considering the less symmetrical compoui@in the light

From the spectral parameters and the temperature of maximumof Scheme 4, slowing of 60rotation on the NMR time scale
broadening of these quartets, the barrier at the coalescenceloes not make K different from Hs, nor group X different

temperature was evaluated as 8.3 kcal Tholvhich is not
different, within the experimental error, from that (8.6 kcal
mol™1, as in Table 3) determined BYC NMR.

from group Y. Slowing of nitrogen inversion/rotaticalone
does make K different from H; but does not make X and Y
different. Differentiation of X and Y requires both processes
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Figure 5. (top) Selected region of thi# spectrum (600 MHz) of.0
at—70°C, displaying two signals for the two types of N&hiydrogens
(bonded totert-butyl and to adamantyl groups, respectively) with a

Anderson et al.

(e) N,N-Dineopentylmethylamine (7) andN,N-Dineopen-
tylbenzylamine (8). As the temperature is lowered in both of
these compounds, the methylene protons of the neopentyl groups
broaden and split to give an AB-quartet (see Table 2) in a way
that is quite typical of nitrogen inversion/rotation becoming slow
on the NMR time scale. This corresponds in both cases to a
barrier of 8.4 kcal mol. At lower temperatures, down 6135
°C, in both cases no further changes are observed in the spectra,
in particular the benzylmethylene protons signal remains a
singlet, and no changes are seen infi@NMR.

Molecular mechanics calculations are once again helpful in
understanding the conformational possibilities. Frtwo
closely related types of minima of very similar energy, inter-
converting readily with each other, are the most stable. In the
slightly more stable, the conformation is reminiscent of the
trineopentylamine conformation discussed above, withehe
butyl rotated away from eclipsing by 2&nd 36 in the same
sense, so that there are two enantiomeric versions of this
structure. Almost as stable is the pair of enantiomeric confor-
mations withtert-butyl groups rotated away from eclipsing in
opposite directions, i.e., toward the methyl group substituent,
one by only 8 (thus eclipsed) and the other by°4&hus nearly
staggered). Interconversion of these four conformations is
presumably always fast on the NMR time scale since it is
calculated to require an energy as low as 0.9 kcal ol

The additional phenyl substituent of compouhidompared
with 7 makes it more like® superficially, and the conformation
like V of Scheme 4 is calculated to be the most stable, see Table
1. There is much less crowding thar@since the phenyl group
rotates to present a face toward the two adjaderttbutyl
groups. The rotation process of abouf &ppears to be much
easier for8 than9 and to follow a stepwise mechanism, since

4:2 intensity ratio, and a third signal for the three equivalent adamantyl it is calculated that foB conformational minima exist with one

CH hydrogens. (middle) At-125 °C, the signal of the pair ofert-
butyl bonded NCHhydrogens splits into two distinct AB spectra and,
simultaneously, also the signal of the adamantyl bonded NCH

group skewed in the opposite sense from the other two.
For 7 and8, interlocking of alkyl groups in the ground state
is much less important than Biand10 and in a different way

hydrogens splits into an AB spectrum (the adamantyl CH signal is i, g.6c The high barriers associated with eclipsed neopenty!

unaffected). (bottom) Computer simulation of the three AB patterns

obtained with the parameters of Table 2.

to be slow. Since, in the dynamic NMR experiment, A
becoming different from B and X becoming different from Y

are associated with barriers which are the same within experi-

mental error, the barrier to 80@otation must be at least as high
as that for nitrogen inversion/rotation.

It is difficult to suggest what barrier should be expected for
a concerted 60rotation about N-CH, bonds. The nitrogen
inversion/rotation process involvestert-butyl or adamantyl

groups in compounds—3 are not found, s@ and8 are closest
in behavior to compound$ and5.

Conclusions

Eclipsing is expected for a trialkylamine'lRENCH,R3 when
RS, sterically compressed by'Rnd R, prefers to distance itself
as much as possible from these groups and ends up eclipsing
the nitrogen lone pair. Forsyth showed that for neopentyl-
amines, i.e., where Rs as big as dert-butyl group, eclipsing
is found even when Rand R are quite small, as irN-

group rotating past a neopentyl or adamantylmethyl group, so neopentylpiperidine and diethylneopentylamiBg (Eclipsing
it is plausible that the barrier is greater not only than the 8.4 has now been demonstrated in even simpler compaueatsd

kcal moi~! experimental value but also than the 9.4 kcal Thol
value found for compounds—3, yet a cooperative movement
of all three groups may keep the barrier low.

Therefore, if this is the motion responsible for the barrier we
measured, the concerted’a@tation process must have at least

2, and the relatively higlert-butyl rotation barrier il suggests
that the eclipsed ground state of that molecule is not particularly
strained. I3, substantial barriers have been found for rotation
about theN-ethyl bond when it involves a methyl group rotating
past another alkyl group. The results reported/#ed 0, when

this value, and the present results do not preclude its beingconsidered together with earlier results 466, show that, with
significantly larger. On the other hand, if the measured barrier additional steric crowding, eclipsing of the neopentyl group is

reflects the 60-concerted rotation process, then the nitrogen
inversion/rotation must have a barrier larger than-83% kcal

no longer the favored outcome, although sometimes the eclipsed
conformation is quite close in energy to the most stable (it is

mol~1. The latter posssibility seems even more likely than the even 20% populated if). When R and R do little more than

former since that process involvest-butyl or adamantyl groups
rotating past bulky CER groups (R being, in turn, as large as
a tert-butyl or adamantyl groups). Indeed, in N-inversion/

rotation processes where the rotational contribution is quite high, neopentyl group is not the outcome.

the barriers can be as large as 9.5 kcalh@s for instance in
2 or 3*), which means 1 kcal mot larger than the barrier we
measured ir® and 10.

compress théert-butyl group laterally, as i1—3, eclipsing is
favored, but when these two groups are branched enough to
make significant steric demands on each other, eclipsing of the
It is reasonable to be
mindful that eclipsing of bonds other than-Gl may become
less likely in a similar way as the degree of substitution
increases.
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Scheme 5 and 5 g (0.16 mol) of dimethylamine in 20 mL of dry benzene was
added dropwise 2 mL (0.0185 mol) of TiGh 5 mL of benzene. The
Me mixture was sitirred fo3 h until the IR aldehyde band (1729 chin
benzene) was replaced by that of the imine (1673%mThe precipitate
was filtered off under nitrogen, whereas the solution was slowly added
W ~. to a mixture of 1.6 g (0.038 mol) of LiAIRin 20 mL of dry ether.
Bu After being stirred overnight at room temperature, the reaction was
Me Me completed. A saturated acqueous J0Hsolution (20 mL) was slowly
added, and after stirring for 0.5 h, the organic layer was separated,
12A 12B dried, and saturated with dry HCI to yie#l g of thewhite chloridrate

o . of the deuterate secondary amine. The amine, separated by treating
The concerted back and forward °6fbtation of neopentyl the salt with 5 mL of 10 M KOH, was refluxe3 h with 8 mL of

groups found in9 and 10 is a striking process reminiscent  formic acid and 4.8 mL of formic aldehyde (40% in water). The rough
somewhat of some of the stereodynamics of triaryImethanes. product obtained after the work up was distilled to gie g of a
The high-energy point in the interconversion is presumably close colorless liquid: 1H NMR (CDCls) 6 0.83 (s, 9H, Gles), 1.98 (t,J =

to a conformation with all N-CH, bonds eclipsed although there 9.7 Hz, 1H, NCHD), 2.25 (s, 6H, Me); *3C NMR (CDCk) ¢ 28.0
may be some mutual accommodation by neopentyl groups that(CMes), 32.60 CMes), 48.76 (\Me), 65.78 (NCHy).

avoids this highly symmetrical arrangement. The ground state Amines2—10were synthesized with a general procefftifestarting
conformation is thus calculated to be only°38vay from the from neopentylamlne (Aldrlch) that was reacted with the appropriate
rotational transition states, yet the rotational barrier is at least Y/ chloride. The amide was reduced with LiAleind the secondary
8.3 kcal mot? , reflecting no doubt a quite complex process. amine reacted again with the appropriate acyl chloride. The resulting

. P secondary amide was reduced with LiAltd give the desired tertiary
As described above, every«C and C-N bond in9 is skewed amine. The compounds were identified as follows.

away from the ideal in the same sense, that is coherently. This N-Ethyl-N-methylneopentylamine (2): *H NMR (CDCly) 6 0.87
is a standard way of accommodating great steric strain in (s, 9H, QViey), 1.02 (t, 3H, CHCHy), 2.07 (s, 2H, NCHy), 2.28 (s, 3H,

symmetrical molecules, best exemplified by-tgit-butyl- NMe), 2.45 (q, 2H,CH>CHs); 3C NMR (CDChk) 6 12.81 (CHCHa),
methané? There, concerted libration (e.gl2A = 12B) 28.13 (QMe3), 32.75 CMes), 45.28 (\Me), 54.26 CH,CHs), 69.62
between conformations coherently skewed in the opposite sens¢NCH).

about all C-C bonds has a barrier of 9.2 kcal mél this, N,N-Diethylneopentylamine (3): *H NMR (CDCl) 6 0.83 (s, 9H,

formally, is the barrier passing through a perfectly staggered CMes), 0.88 (t, 3H, CHCHg), 2.05 (s, 2H, ICH,), 2.45 (g, 2H, NCH,-
conformationt2> CH3): 13C NMR (CDCE) & 12.43 (CHCHs), 28.26 (QVley), 32.70

it (CMeg), 49.58 (l\CH2CH3), 66.58 (N:Hz)
In the cases of both ttert-butylmethanei2) and compounds N.N-Dineopentmethylamine (7): H NMR (CDCl) 6 0.92 (s, 18H,

9 and 1_0, some degree of r_otation has to take place about all CMes), 2.20 (s, 4H, ICHy), 2.32 (,3H, We):*C NMR (CHRCI/CaDe)

bonds in the molecule (outside the adamantyl groupOpfand 0 28.9 (Mey), 33.4 CMes), 48.1 (NVle), 74.6 (NCHy).

until this is half completed, each of these rotations reduces the N N-Dineopentylbenzylamine (8): *H NMR (CDCl) 6 0.82 (s,

coherence of the distortions that have produced the stable groundigH, ave;), 2.23 (s, 4H, KCH.BW), 3.56 (s, 2H, NCH,Ph), 7.13-

state. Herein lies the explanation of the high barrier observed. 7.37 (m, 5H,Ar); 13C NMR (CDCk) 6 29.31 (QMes), 33.08 CMes),
63.26 (NCH,Ph), 69.27 (\CH.BU!), 126.53 (CH, Ar), 127.86 (CH, Ar),

Experimental Section 129.24 (CH, Ar), 140.98 (C, Ar).

N,N,N-Trineopentylamine (9): *H NMR (CDCl) 6 0.97 (s, 9H,
CMey), 2.40 (s, 2H,CHy); 3C NMR (CDCk) 6 29.67 (QVles), 32.79
(CMe3), 71.44 (NCHy).

N-(1-Adamantylmethyl)-N,N-dineopentylamine (10): 'H NMR
(CDCly) 6 0.97 (s, 18H, ®les), 1.615 (d, 6H,CH,, Adm),1.64 (AB
doubletd = 12 Hz, 3H,CH,, Adm), 1.69 (AB doubletl = 12 Hz, 3H,
CH,, Adm), 1.97 (m broad, 3HCH, Adm), 2.09 (s, 2H, CH,Adm),

.19 (s, 4H, NCHBUWY); 13C NMR (CDC}) 6 28.82 (CH, Adm), 29.82
CMes), 32.88 CMes), 35.02 (C, Adm), 37.37GH,, Adm), 42,43 CHy,
Adm), 71.86 (NCHzBUY), 73.01 (NCH,Adm).

NMR Measurements. The variable-temperature NMR spectra were

recorded at 300 or 600 MHZ2H) and at 75.5 or 100.6 MHZYC). The

N,N-Dimethylneopentylamine (1). In a flask containing 4.5 mL
(0.120 mol) of formic acid was dropped 5.0 mL (0.043 mol) of
neopentilamine, keeping the temperature below@@s the reaction
is very exotermic. A 9.0 mL (0.130 mol) volume of formic aldehyde
(40% in water) was added dropwise and the mixture refluxed for 3
h1* When the reaction was completed, the mixture was cooled at room
temperature and HCI (37%) was dropped until a strong acid pH was
obtained. The mixture was concentrated at reduced pressure, and th
residual liquid was trated with NaOH (30%) to reach a strongly basic
pH. The mixture was extracted with ether 320 mL), dried, and
concentrated at ambient pressure. The rough product was distilled to
yield 3.2 g of colorless liquid: bp 96C (760 mmHg);'H NMR

. simulation of the line shape was performed by a computer program
(CDCls) 6 0.79 (s, 9H, ®les), 1.94 (s, 2H, \THy), 2.18 (s, 6H, Ne); ' i . .
13C NMR (CDCh) 6 28.1 (QMey), 32.75 (quatCMes), 48.82 (NVie), based_ on th_e Bloch equations, and the best fit was visually judged by
72.26 (\CHy). superimposing the plotted and experimental traces.

N,N-Dimethylneopentylamine-1¢; (1-di). To a solution (kept
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