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within this range. Wilcox and Leung30 have suggested 
that an attenuation factor of 1/2.7 is most reasonable. 
Using this value, the predicted inductive slope falls 
very close to both the experimental and field slopes in 
the comparison of systems I and II. This same at
tenuation factor, however, predicts a slope for systems 
I and III which is far from the field and experimental 
slopes. These results suggest that the cavity model is 

The ability of 13C nmr to resolve small differences in 
molecular environment has been well documented 

in recent years. Chemical shifts arising from steric 
perturbations of carbon nuclei, known as steric com
pression shifts, have been utilized in studies of diverse 
organic compounds.12 The experimental result of 
steric compression is an upfield shift for carbons ex
periencing the interaction. For example, in methyl 
cyclohexanes the upfield shift due to an axial CH3 group 
at Ci is over 5 ppm experienced by both the C3 and C5 

ring carbons.1 Evaluation of steric compression shifts 
is facilitated where conformations can be "locked" and 
where model compounds are available to allow deter
mination of 13C chemical shifts in the absence of steric 
compression. Amides and oximes are particularly 
suited and of particular interest for such studies. 

In the present work we have examined the cmr (car
bon magnetic resonance) spectra of ^,TV-dimethyl-
formamide (DMF) and #,A^-di-«-butylformamide 
(DBF), plus several other amides and oximes. All 
spectra were obtained by pulsed Fourier transform 
(FT) nmr methods. In several cases, the spin-lattice 
relaxation behavior of each carbon was investigated in 
order to gain insight into the fast, internal motions 
>10"/sec) of the different aliphatic groups. No at
tempt was made to study rotation around the amide 
C-N bond.3 At the temperatures of observation, rota-

(1) D. M. Grant and B. V. Cheney, J. Amer. Chem. Soc, 89, 5315 
(1967); D. K. Dalling and D. M. Grant, ibid., 89, 6612 (1967). 

(2) J. B. Grutzner, M. Jautelat, J. B. Dence, R. A. Smith, and J. D. 
Roberts, ibid., 92, 7107 (1970). 

(3) O. A. Gansow, J. Killough, and A. R. Burke, ibid., 93, 4297 
(1971). 

a more useful approach in predicting the relative mag
nitude of substituent effects. 
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tion around that bond was slow enough to freeze out 
conformers and yield separate resonances for aliphatic 
peaks cisoid and transoid to the formyl hydrogen. 

In amides having two different N substituents and in 
oximes with different derivatized carbonyl substituents, 
the two conformers or isomers are not of equal energy; 
the equilibrium populations can be very different. 
Using steric compression shifts to facilitate 13C spectral 
assignments allows rapid determination of isomer ratios 
for many amides and oximes. It is necessary to have 
some knowledge of the carbon spin-lattice relaxation 
times (T1) and nuclear Overhauser enhancements (NOE) 
in order to obtain quantitative or near quantitative re
sults. The spin relaxation and NOE behavior of these 
compounds is also of interest because it probes molec
ular geometry and intramolecular interactions. 

Experimental Section 
13C Nmr Spectra. All 13C nmr spectra were recorded on a Varian 

XL-100-15 spectrometer equipped for both frequency sweep and 
pulsed Fourier transform (FT) operation. In all cases, the FT 
mode was utilized. Chemical shifts are reported in ppm down-
field from the internal standard TMS. The accuracy of chemical 
shifts determined in 5000-Hz spectra is better than 0.1 ppm; for 
1000 Hz spectra, the maximum error is <0.02 ppm. The system 
computer (Varian 620-i, 16K core) allowed acquisition of 8K data 
points, thus yielding 4K (4096) output data points in the trans
formed, phase corrected real spectrum (~1.3 Hz per data point in 
a 5000 Hz spectrum). 13C spectra were obtained with complete 
proton decoupling utilizing the pseudorandom noise modulation 
mode of the Gyrocode decoupler. Off resonance, partial decou
pling to differentiate nonprotonated carbons, CH, CH2, and CH3 
carbons, was effected by offsetting the 1H irradiation frequency 
0.5-1.0 kHz and turning off the noise modulation. In both wide-
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Figure 1. Cmr spectrum of /v",iV-dimethylformamide. 

band and off-resonance decoupled experiments the high power 
heteronuclear decoupling mode was utilized ( « 1 0 W of rf power). 

Spin-Lattice Relaxation Measurements. Spin-lattice relaxation 
times (Ti) for carbons were determined simultaneously by the in
version-recovery pulse method,4 modified by Freeman and Hill 
(Varian Associates). Two sets of partially relaxed Fourier trans
form (PRFT) spectra are given in Figures 4 and 7. The pulse se
quence utilized in these measurements was 

(T - 90c T - 180c 
t 90 °t)x 

where t is experimentally varied and T is set greater than three 
times the longest T1 to be measured. 

In the Freeman-Hill modified program, the log of (Sm — S<) is 
plotted against ; where S„ and St are the transformed signals from 
the 90m

o and 90,° pulses, thus yielding only positive peaks in the 
spectral display. 7\ is the time, /, at which S„ — Si reaches 0.368 
( = l/e) of S„ - S, for t = 0 ( == 2 S J (see Figure 5). Because the 
effective 13C rf field for the XL-100-15 is under 2 kHz (90° pulse = 
~140 /usee), spin-lattice relaxation experiments were restricted to 
spectral widths <1500 Hz. When larger widths were required, 
separate experiments were run on each spectral region. For each 
determination 6-10 sets of measurements were taken. Some deter
minations were repeated on different samples of the same com
pound. Reproducibility of 7\ values was better than ± 1 0 % . 

NOE Measurements. The absolute nuclear Overhauser enhance
ment for each measured carbon was recorded by determining indi
vidual integrated peak intensities in 1H decoupled cmr spectra and 
dividing these values by the total integrated band intensities in the 
coupled cmr spectra. In cases of band overlap in the coupled 
spectra appropriate integration assignments were made. In all 
cases, the pulse interval was longer than 5Fi for the slowest relaxing 
carbon being measured. This ensured complete relaxation of all 
nuclei between pulses. 4-16 free induction decays were accumu
lated for 1H decoupled spectra while 32-256 free induction decays 
were accumulated for the coupled spectra. No internal integration 
standard was required, as the data acquisition computer program 
(Varian Associates) automatically scales the data to the same basis. 
In some cases experiments were repeated three-four times. Re
producibility of both decoupled and coupled peak integrations was 
generally ± 5 and always better than ± 1 5 % . The accuracy ob
tained in this study was largely due to the very high signal:noise 
ratios obtained with concentrated solutions of low molecular weight 
materials. 

Materials. All compounds were reagent grade and were used 
without further purification. Samples were run neat or concen
trated (>70%) in acetone-i/e or benzene-rfe (utilized for field/fre
quency control). Samples were not degassed unless noted. When 
degassing was required, N2 was bubbled through the solution for 
ca. 1 min. 

Results and Discussion 

Spectral features common to homologous aliphatic 
amides and oximes can be demonstrated with the spec
trum of DMF. 

^,A^-Dimethylformamide (DMF). The proton de
coupled cmr spectrum of DMF shown in Figure 1 

(4) R. L. Void, J. S. Waugh, M. P. Klein, and D. E. Phelps, / . Ckem. 
Phys., 48, 3831 (1968); R. Freeman and H. D. W. Hill, ibid., 53, 4103 
(1970). 

JJ 

v i 

190 180 170 160 ISO 140 130 120 HO ICO 90 80 70 60 50 40 30 20 K) 0 

Figure 2. Cmr spectrum of N-methylformamide. 

clearly shows separate resonances for the two CH3 

groups. The chemical shift difference (A5) between the 
two CH3 resonances is 5.1 ppm.6a<b Assignment of the 
two resonances was based on an expected upheld steric 
shift for the CH3 group transoid to the formyl proton 
and eclipsing the carbonyl oxygen. This assignment 
was confirmed by running the cmr spectrum of N-
methylformamide (Figure 2) and noting that the known 
"conformer" ratio50 (10:1, transoid :cisoid) was ob
served with the CH3 group eclipsing the carbonyl oxy
gen being 3.4 ppm upfield from the CH3 group cisoid 
to the formyl hydrogen. 

In suitable molecules, spin-lattice (longitudinal) re
laxation times determined by FT techniques may be 
utilized to give effective rotational correlation times for 
individual protonated carbons (carbons with directly 
attached protons) in a molecule.6,7 This allows esti
mation of rapid internal reorientation of the individual 
groups and gives insight into various stereochemical 
interactions. In particular, when dipole-dipole (DD) 
relaxation is dominant, internal motions at frequencies 
comparable to or faster than the rate of overall molec
ular reorientation ( « rc, the molecular correlation time) 
may have a significant effect on relaxation rates (relaxa
tion rate, R\ = 1/Ji) for those carbon nuclei that are in
volved. Dipole-dipole relaxation is dominant for 
most hydrogen bearing (protonated) carbons;68 where 
other relaxation mechanisms contribute to the relaxa
tion of a given nucleus, the DD contribution may be 
calculated if the nuclear Overhauser enhancement (NOE) 
for that nucleus is determined.9 The experimentally 
observed NOE, expressed as (In/Io) — 1 or 77 (where 
hjIo is the integrated 13C peak intensity with 1H sat
uration divided by the integrated intensity of the un-
decoupled 13C resonance band), divided by the theo
retical maximum NOE (77 = 1.99) is a direct measure of 
the contribution of DD relaxation for individual car
bons.10 The spin-lattice relaxation behavior of the 
two CH3 carbons and the carbonyl carbon in DMF il
lustrates the utility of these measurements in studies of 
molecular structure and motion. 

(5) (a) W. McFarlane, Chem. Commun., 418 (1970); (b) P. S. Pre-
gosin and E. W. Randall, ibid., 399 (1971). These authors cite an elec
tric field effect to explain chemical shift differences between cisoid and 
transoid groups in DMF and some N-nitroso compounds, (c) L. A. 
LaPlanche and M. T. Rogers, / . Amer. Chem. Soc, 86, 337 (1964). 

(6) A. Allerhand, D. Doddrell, and R. Komoroski, / . Chem. Phys., 
55, 189 (1971). 

(7) D. Doddrell and A. Allerhand, J. Amer. Chem. Soc, 93, 1558 
(1971). 

(8) G. C. Levy, J. Chem. Soc, Chem. Commun., 47 (1972). 
(9) J. R. Lyerla, Jr., D. M. Grant, and R. K. Harris, J. Phys. Chem., 

75, 585 (1971). 
(10) The contributions to total relaxation are calculated as recipro

cals of Ti (or relaxation rates, Ri). 
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In general, the evaluation of internal rotational mo
tion in molecules requires the assumption of overall 
isotropic molecular tumbling (i.e., no mode of rotation 
being favored over another). In small unsymmetrical 
polar molecules such as DMF tumbling is generally 
more or less anisotropic (i.e., not isotropic). The mo
tional anisotropy of liquid DMF was examined by 
Wallach and Huntress.11 Rotational diffusion con
stants reported in that work indicated that the tumbling 
of DMF molecules in the pure liquid was highly aniso
tropic. However, the diffusional rotational axes were 
found to be noncoincident with the principal inertial 
axes. Therefore, the effect of overall motional anisot
ropy on the relaxation behavior of the three carbons in 
DMF may be reduced. 

Ti values can also be affected by rotation about prin
cipal bonds where such rotation leads to exchange of 
equivalent carbons. The Ti values for the two N-CH3 

carbons may thus be affected by rotation about the C-N 
amide bond even if the rotation is slow enough to give 
separate, narrow lines. This is true only if the lifetime 
of the CH3 groups between bond rotations (the exchange 
lifetime) is not much longer than Tx. If the Tx values 
for the two CH3 carbons are different in the absence of 
exchange, then the observed Tx values will tend to be
come averaged as the 7Vs become significant relative to 
the exchange lifetime. Recent nmr kinetic data12ab 

indicate that the rate of C-N amide bond rotation in 
DMF at 38° would result in an exchange lifetime of 
102-103 sec (E, > 20 kcal12ab). For DMF at 38° the 
exchange lifetime is long enough to allow determination 
of separate Tx values for the two CH3 carbons, within 
the stated limits of experimental accuracy. 
Table I lists the experimental T1 and NOE values and 

Table I. T1 and NOE Data« for 
ACH, O 

\ S 
N - C 

"CH3 H 

Temp, 
0C 

38 

25 

72 

Carbon 

A 
B 
C = O 
A 
B 
C = O 
A 
B 

T1, 
sec11 

18.6 
11.1 
20.2 
17.8 
10.5 
19.5 
19 
18 

NOE, 
1c 

1.3 
1.7 
1.4 

1.2 
1.3 

NOE, 
% 

theo
retical 

max 

65 
85 
70 

60 
65 

T1^, 
sec* 

2 8 . 6 
13 .1 
2 8 . 9 

32 
28 

"At 25.2 MHz; 70% DMF, 30% benzene-rfe; sample degassed. 
6 Estimated maximum error ±10%. c Estimated maximum error 
±0.2. Tj = /D//o — 1. d Estimated maximum error ±20%. 

calculated TiDD values for the two CH3 carbons and the 
carbonyl carbon in DMF (data at 25, 38, and 72°). 

At 25° where the exchange lifetime is >103 sec, ob
served CH3 TVs are somewhat shorter than at 38° as a 
result of slightly more efficient dipole-dipole relaxation. 

(11) D. Wallach and W. T. Huntress, / . Chem. Phys., 50, 1219 (1969). 
(12) (a) M. Rabinovitz and A. Pines, / . Amer. Chem. Soc, 91, 1585 

(1969); (b) F. A. L. Anct and R. Anet, in "Determinat ion of Organic 
Structures by Physical Methods," Vol. 3, F . C. Nachod and J. J. Zucker-
man, Ed., Academic Press, New York, N. Y., 1971, p 344; (c) J. K. 
Saunders and R. A. Bell, Can. J. Chem., 48, 512 (1970). 
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Figure 3. Cmr spectrum of N.Ar-di-rc-butylformamide, aliphatic 
region (spectral width = 1,25OHz). 

No evidence for partial averaging of the relaxation data 
at 38° is indicated. At 72° on the other hand, the 
N-CH3 relaxation times (Table I) are largely averaged 
(the exchange lifetime at 72° is ca. 101 sec). NOE 
determinations at 72° also appear to be averaged, as 
expected when the N-CH3 carbons are able to exchange 
molecular environments through C-N amide bond ro
tation during relaxation.120 

The significantly longer TiDD (38°) for the CH3 carbon 
eclipsing the carbonyl oxygen (carbon A) indicates that 
this CH3 group may be able to spin more rapidly than 
CH3 group B. In the absence of anisotropic molecular 
tumbling, if both CH3 groups were rotating slowly rela
tive to the overall molecular tumbling, then the CH3 

carbons would have the same relaxation times, and 
TiDD for both CH3 carbons would be V3TiDD for the 
carbonyl carbon.613 If the rotations of A and B were 
very fast relative to overall molecular motion (isotropic) 
then TiDD for A and B would be approximately three 
times longer than Ti DD for the carbonyl carbon.6 The 
experimental data for DMF (Table I) are not typical of 
either extreme noted above. TiDD for CH3 carbon A is 
over twice as long as TiDD for CH3 carbon B and approx
imately the same as TiDD for the carbonyl carbon. 

In the absence of anisotropic overall molecular tum
bling, these differences in relaxation times would allow 
calculation of approximate rates of rotation for the two 
CH3 carbons. It is not known how much the anisot
ropy of overall molecular tumbling and rapid CH3 

group internal rotations contribute to the observed re
laxation behavior for DMF. Further experiments will 
be required to assess these contributions. It does seem 
likely from the analogous behavior observed for the 
two oximes discussed below that rapid A-CH3 group 
rotation contributes at least in part to the observed be
havior. 

Fast rotation of CH3 group A relative to CH3 group 
B can be explained in terms of available rotomeric con
formations. Because of opposing unfavorable interac
tions with CH3 group B and the carbonyl oxygen there 
are no favored rotomeric conformations for A whereas 
CH3 group B is able to minimize unfavorable interac
tion with A without incurring a strong unfavorable in
teraction with the formyl hydrogen. 

/V,iv~-Di-fl-butylformamide (DBF). The cmr spec
trum of DBF (Figure 3) shows four resolved pairs of 
aliphatic resonances corresponding to a-, /3-, and 7-CH2 

carbons, and terminal 5-CH3 carbons cisoid and trans-
oid to the formyl hydrogen. The observed chemical 

(13) K. F. Kuhlman, D. M. Grant, and R. K. Harris, J. Chem. Phys., 
52, 3439 (1970). 
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Table II. Cmr Data for A^AT-Di-n-butylformamide (DBF) and A^-Di-Tj-butylacetamide (DBA)0 

DBF 

a-CHj 
/3-CH2 
7-CH2 
5-CH3 
C=O 

DBA 
Qj-CH2 

/3-CH2 
T-CH2 
5-CH3 
C=O 
COCH3 

S, 
cisoid* 

46.95 
31.42 
20.52 
13.98 

48.65 
31.75 
20.62 
14.09 

162.34 

169.05 
21.39* 

S, 
transoid6 

41.71 
30.02 
20.06 
13.85 

45.39 
30.52 
20.46 
14.06 

AS 

5.24 
1.40 
0.46 
0.13 

3.26 
1.22 
0.16 
0.03 

Tu 
cisoid, secc 

1.0 
1.5 
2.4 
3.1 

T1, 
transoid, sec 

1.2 
1.7 
2.3 
3.1 

° 38°, 25.2 MHz; solutions in acetone-*^, chemical shifts in ppm downfield from TMS. h Cisoid and transoid to the formyl hydrogen. 
Assignments for DBA are tentative. c Neat solution, estimated maximum error ±10%. d Assignment confirmed by off-resonance 1H 
decoupling. 

PULSE SEQUENCE 
+T-90J-T-iaO'-l-90f ^ 

T = 50 SEC 
I »0.1 TO 5.0 SEC 

PLOT 9 0 J - 9 O f 

Figure 4. PRFT spectral set for A îV-di-w-butylformamide, 
aliphatic region. 

shift difference (A5) for the two a-CH2 groups is 5.24 
ppm (see Table II) in close agreement with the steric 
shift observed in DMF (5.1 ppm, Figure 1). As ex
pected, differences between cisoid and transoid aliphatic 
carbon chemical shifts get smaller farther away from 
the carbonyl group. The fact that A5 decreases in a 
regular way by ca. 70% with each intervening carbon 
(bond) suggests that all upfield resonances belong to the 
carbons transoid to the formyl hydrogen and cisoid to 
the oxygen, and that the upfield shifts are long distance 
steric compression shifts. In A^N-di-rc-butylacetamide 
(DBA) the differences between cisoid and transoid 
groups are smaller. For the a-CH2 groups that differ
ence is 3.26 ppm. Also, cisoid-transoid A5 values in 
the acetamide are not as linearly attenuated as in the 
formamide (see Table II). Presumably, the smaller 
A3 values for the acetamide reflect the fact that both the 
cisoid and transoid chains are subject to steric compres
sion shifts (from the carbonyl oxygen or the acetyl CH3 

group). The small chemical shift differences between 
the formamide and acetamide do not allow positive 
assignment of cisoid and transoid chains in the acet
amide; however probable assignments are given in 
Table II. 

The relaxation behavior of the aliphatic carbons in 
DBF (shown in Figures 4 and 5 and summarized in 
Table II) is quite analogous to that reported by Aller-

Carbon 
Ti, sec7 

Carbon 
Ti, sec7 

10 
3.1 

5 
0.84 

10 1 

CH3(CHO8CH2OH 
9 

2.2 
4 

0.84 

8 
1.6 

3 
0.77 

7 
1.1 

2 
0.77 

6 
0.84 

1 
0.65 

Figure 5. Ti Determinations for N,/V-di-M-butylformamide. Data 
points are from Figure 4. Cisoid carbon data plotted: • = a-CH2; 
• = /3-CH2; • = 7-CH2; • = 5-CH3. 

hand7 for the end-of-chain carbons in 1-decanol. In 
AUerhand's paper, the Ti values reported for the 7, 8, 
9, and 10 carbons were nearly identical with the Ti val
ues of the n-butyl fragments in DBF. 

The longer Ti values for the carbons near the end of 
the ten carbon chain in n-decanol and for the /3, y, and 
5 carbons in DBF result from segmental motion at and 
near the "free" ends of these molecules.7 In order to 
observe this type of behavior, motion at one part of the 
chain must be restricted. Allerhand noted that in 1-
decanol, intermolecular hydrogen bonding effectively 
anchored the CH2OH group. In DBF there is no pos
sibility for strong hydrogen bonding effects, and subse
quent restriction of molecular motion. On the other 
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Figure 6. Cmr spectrum of methyl ethyl ketone oxime isomers, 
aliphatic region. 

hand, the n-butyl chain is effectively anchored at the 
amide nitrogen since translational or rotational move
ment at that nucleus also requires moving parts of two 
aliphatic chains and a carbonyl group. 

The restriction on internal motion near the nitrogen 
in DBF suggests that H bonding is not a requirement for 
anchoring relatively small molecules in solution. In 
order to assess the ability of H bonding to anchor butyl 
chains, the 7\ values for the four carbons in neat 1-
butanol were determined. The Ti values for carbons 
1-4 were 3.0, 3.9, 3.6, and 4.2 sec, respectively. Al
though some degree of segmental motion is evident in 
1-butanol, it is clear that intermolecular hydrogen 
bonding is not restricting CH2OH motion as much as it 
does in 1-decanol. It appears that molecular geometry 
or size and H bonding may be of comparable impor
tance for imposition of restrictions on molecular mo
tion in solution. 

It was hoped that some difference in relaxation be
havior for cisoid and transoid chains in DBF would be 
evident; however none was noted witnin experimental 
error limitations (see Table II). 

Acetone and Methyl Ethyl Ketone Oximes. Differ
ences in relaxation behavior between conformational 
isomers for the oximes of acetone and methyl ethyl 
ketone, however, were observed. The cmr spectrum of 
acetone oxime has three resonances, the derivatized 
carbonyl carbon at 154.5 ppm, and the two nonequiv-
alent CH3 groups at 21.5 and 14.7 ppm. The differ
ence between the chemical shifts of the two CH3 groups, 
6.8 ppm, is primarily a steric compression shift. This 
is clearly indicated in the cmr spectrum of methyl ethyl 
ketone (MEK) oxime (Figure 6) where the two oxime 
substituents are not sterically identical and thus the iso
mers are not present in equal amounts. In MEK 
oxime the observed isomer ratio is ~ 7 7 :23 in favor of 
the isomer with the N-OH group facing the CH3 group. 
This isomer ratio is comparable to that found for pro-
tonated MEK observed in FSO3H-SbF5-SO2.14 It is 
also in agreement with recently determined values for 
MEK oxime from europium chemical shift reagent-
proton nmr studies by Berlin.15 

The carbon resonance assignments for MEK oxime 
are given in Table III. In the predominant isomer, the 
1-CH3 carbon exhibits a steric compression shift (6.1 
ppm) while C3 and C4 are unperturbed. In the other 
isomer both C3 and C4 exhibit steric compression shifts 
(5.9 and 1.2 ppm, respectively). Both a carbon steric 
shifts are comparable to the steric shift in acetone 

(14) M. Brookhart, G. C. Levy, and S. Winstein, / . Amer. Chem. 
Soc, 89, 1735 (1967). 

(15) K. D. Berlin and S. Rengaraju, / . Org. Chem., 36, 2912 (1971). 
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Figure 7. Set of PRFT spectra for acetone oxime. 

Table III. Cmr Data for Methyl Ethyl Ketone Oxime Isomers 

I 
(NOH anti to 

CH3 group) 
~ 2 3 % 

II 
(NOH syn to 

CH3 group) 
~77% 

1-CHs 
2-C=N 
3-CH2 

4-CH3 

1-CH3 
2-C=N 
3-CH2 

4-CH3 

5' 

18.97 
159.17 
23.30 
9.95 

12.97 
158.70 
29.20 
11.12 

Ti, sec6 

2.8 

1.9 
3.6 

6.1 

1.9 
3.4 

° In acetone-rfe; chemical shifts downfield from internal TMS. 
b Run neat; T1 values ±10-15%. 7\DD not calculated. 

oxime (6.8 ppm). The 4-CH3 carbon steric shift is 
comparable to the steric shift observed for 0-CH2 car
bons in DBF and DBA. 

Relaxation behavior in acetone oxime is analogous 
to the behavior noted for the CH3 groups in DMF. 
Figure 7 shows the partially relaxed FT spectra of the 
two CH3 groups in acetone oxime. The 7\ values cor
responding to these data are 10.0 and 4.5 sec for the 
CH3 groups syn and anti to NOH, respectively. The 
measured NOE for the syn and anti CH3 groups are 
(77) 1.4 and 1.9. T^ values calculated for syn and 
anti CH3 groups are 14.3 and 5.0 sec, respectively. The 
increased group rotation indicated by the longer TiDO 

(and lower NOE) for the CH8 group syn to the NOH 
group demonstrates that 1,3 methyl-methyl steric inter
actions are significant in acetone oxime. The CH3 

group anti to the NOH group has a conformational 
(rotomeric) energy well available to it, thereby reducing 
its tendency to freely rotate, whereas the CH3 group syn 
to the NOH group has opposing steric interactions and 
cannot achieve a favorable conformation. Thus it is 
able to rotate more freely. In MEK oxime, similar be
havior is noted for carbon 1 (Table III). 

The additional degree of internal motional freedom 
in MEK oxime can be indirectly observed by noting the 
differences in Tx values for Ci, C3, and C4 in each isomer 
(Table III). In both isomers the 4-CH3 group has a 
longer Tx than the 3-CH2 group. Because there is more 
than one available mode of internal motion, it is not 
possible to exactly correlate T0 with Ti for C4. Never
theless, the longer Ti values for the 4-CH3 carbons are 
qualitative indications of free internal motion for those 
groups relative to the internal CH2 group. 
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