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Conformations of aliphatic diastercoisomers with vicinal asymmetric centers (2,3-disubstituted butanes and
5,6-disubstituted n-decanes) are discussed in terms of their *>C and, in some cases, '*N chemical shifts and
spin-lattice relaxation times. Solvent and protonation eflects are explained by conformational changes in the

isomers.

INTRODUCTION

The importance of steric effects on *C chemical shifts
is well known' and is used with great success for
analysis of various isomeric mixtures, especially alicyc-
lic compounds.’® In acyclic diastereoisomers, steric
effects must also have a substantial role, as demon-
strated by the large differences in chemical shifts of
corresponding carbon atoms in diastereomeric al-
kanes.” Standard factor analysis of chemical shifts,
however, gives no means for assignment of lines to
individual isomers, although chemical shift differences
of corresponding carbon atoms can reach several ppm.
In some cases calculations have determined mean
conformations, using, in particular, shielding effects on
gauche carbon chemical shifts.>* Nevertheless, there
are no simple general rules to assign aliphatic dias-
tereomer lines to definite configurations.

It was shown by us that *C spin-lattice relaxation
times of isomers can be used for the identification of
individual compounds from their equimolar mixtures,
especially within alicyclic stereoisomers.” Different
mutual orientation of atoms in isomers results in varia-
tion of the effective molecular volume, leading to
different effective correlation times with corresponding
relaxation times. However, steric interactions and con-
formations of acyclic isomers are less clearly defined
and variations in their physical constants are usually
minimal as compared with those of cyclic isomers. The
same must be predicted for spin-lattice relaxation
times.

Usually an aliphatic molecule cannot be charac-
terized by a single correlation time due to segmental
motion and rotational anisotropy effects.® Concepts of
longer or shorter relaxation times for corresponding
carbon atoms in one of two isomers can be successful
only when differences in segmental or anisotropic mo-
tions do not mask variations in overall tumbling rates.

* Author to whom correspondence should be addressed.

+ Camille and Henry Dreyfus Teacher Scholar.

§ On scientific leave of absence at the Florida State University,
1979.

Despite these complications, we set up a study to
evaluate *C relaxation times of corresponding carbon
atoms in aliphatic diastereoisomers with the goal of
connecting T, differences with certain preferred con-
formations. 2,3-Disubstituted butanes were chosen
due to the relative simplicity of their conformational
analysis. Only rotation around the C-2,3 bond must be
considered in these cases. 5,6-Disubstituted n-decanes
were used as medium molecular weight compounds in
order to obtain information about the propagation
along the main molecular chain of chemical shift and
relaxation time differentials in aliphatic diastereoisom-
ers. In 5,6-disubstituted n-decanes, as in the simpler
2,3-disubstituted butanes, the main differences in con-
formations of isomers result from rotation around the
central carbon—-carbon bond.

EXPERIMENTAL

Compounds 2, 3, and 4 (Table 1) were commercially
available (Aldrich, Pfalz & Bauer) as mixtures of
isomers (with some excess of the meso compounds,
determined by G1.C analysis or known chemical shifts
of 2,3-dichlorobutanes’). Compounds 7, 8 and 10
(Table 3) were prepared from 4 with a known ratio
(3:2) of meso and racemic isomers. Diaminobutane
(5), 3-amino-2-butanol (11) and their salts, 6 and 12,
respectively, were prepared from dimethylglyoxime.®
The much higher solubility of the racemic salt of 6 was
used for the assignment of lines to the isomers of 6
and 5. In the case of 11, the erythro configuration was
assigned for the prevailing isomer, which had a higher
boiling point (in analogy with meso-4 and meso-5§
isomers). Hydrocarbons 1 and 9 were prepared by
Wurtz type coupling of corresponding bromo-
derivatives, made from styrene and 1-hexene. The
chemical shifts of meso and racemic 2,3-
diphenylbutanes (1, Table 1) fit nicely with reported
values,'” except for C-s of the meso isomer. The
assignment of lines for meso and racemic 5,6-
dimethyldecanes was based on calculated chemical
shifts for 3,4-dimethylhexane isomers.>* The isomers
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Table 1. Carbon chemical shifts and spin-lattice relaxation times of 2,3-di-X-substituted butanes

CH
Solvent
No. Substituent (X) concentration meso rac
1 Ph 2M in CDCl, 47.5 46.7
2 Ci Pure 61.3 60.2
3a Br Pure 53.7 52.1
3b Br 0.8 M in CH,CN 55.4 54.6
3c Br 1.3M in DMSO 55.4 54.9
4 OH Pure 71.0 71.6
5 NH,° Pure 52.0 52.9
6 NH,* 25Min H,0 49.8 48.8
7 OCOCH,®  Pure 71.2 71.3
8 OCH,f ~4 M in butanediol 80.3 789
monomethyl ether

9 n-C,Hg Pure 37.7 36.7

Chemical shifts (S1me)®

meso-rac

0.8
1.1
1.6
0.8
0.5
-0.6
-0.9
1.0
-0.1
1.4

1.0

T, (s, 308K)
CHa CH CH,

meso rac meso-—rac meso rac meso rac
21.2 18.2 3.0 3.42 3.58 1.43 1.48
21.9 19.8 2.1 13.6 14.3 6.45 6.55
25.2 20.5 4.7 7.81 8.85 3.89 4.10
24.6 224 2.2 11.7 125 7.04 7.12
23.9 22.8 1.1 5.42 5.66 3.05 2.94
17.6 18.5 -0.9 0.42 0.48 0.64 0.69
18.2 201 -1.9 5.09 5.00 2.9 2.84
14.7 12.9 1.8 1.95 2.03 1.65 1.68
14.9 15.8 -0.9 2.86 2.70 2.13 1.91
15.3 13.7 1.6 10.7 11.0 5.61 5.43
16.7 14.6 2.1 5.69 5.94 3.43 3.67

2 From external (CD,),CO capillary; 8ypg=29.8.

b Aromatic carbon atoms: C-s; meso, 146.6 ppm, 21.5s; rac,

145.9ppm, 23.1s: C-0; meso, 127.8ppm, 3.23s; rac,
128.0 ppm, 3.51s: C-m; meso, 1285ppm, 3.33s; rac,
128.0 ppm, 3.51s: C-p; meso, 126.2ppm, 1.78s; rac,
125.9 ppm, 2.26s.

of 13, 14 and 15 (Table 4) were prepared from cis-
and trans-5-decene (Pfalz & Bauer) by trans-addition
of halogens, epoxidation and cleavage of epoxides.
Reported chemical shifts and spin-lattice relaxation
times (Tables 1-4) are all measured from mixtures in
order to have direct comparison of shielding and relax-
ation effects for pairs of isomers. The use of TMS as
reference compound, especially in studying medium
effects, has been strongly criticized® and in the present
study up to more than 1 ppm chemical shift differences
of internal TMS from external acetone-dg capillary
(29.0-30.3 ppm) were observed in various 2,3-
butanediol solutions (Table 2). However, in most cases
the TMS chemical shift was close to 29.8 ppm upfield,
and this value was used to convert external acetone-d
values to the TMS scale; no susceptibility corrections
were used.

Carbon-13 and '°N chemical shifts and spin-lattice

©'5N: meso 33.3ppm; T,—15.8s: rac 34.1ppm; T,-15.4s.
4 15N: meso 43.5 ppm; rac 44.0 ppm.

¢ CH,(CO) groups: meso 20.6 ppm, 6.21 s; rac 20.5 ppm, 5.61s.
f OCH, groups coincide at 56.8 ppm.

relaxation times were obtained using a Bruker HX-
270 superconducting magnet spectrometer operating
in the quadrature detection mode for >C at 67.9 and
15N at 27.4 MHz. "°N chemical shifts were measured
from external saturated *NH,NO, and reported on
the NH, scale by taking 8yp,no, = 20.7 ppm."’
Spin-lattice relaxation times were measured at room
temperature using the (T-180-1-90°), pulse sequence
and an on-line three parameter exponential fitting
program.'’ Since the T, values of corresponding car-
bon atoms in aliphatic isomers are in many cases
nearly the same, at least two runs were made in order to
confirm the small differences that were observed. Of
course, relaxation times of aliphatic isomers can be
compared only from individual samples where errors
due to imperfect pulsing, unequal temperature, differ-
ent macroviscosities, diamagnetic and paramagnetic
impurities etc. are effectively cancelled, and where

Table 2. Carbon chemicals shifts and spin lattice relaxation times of 2,3-butanediol isomers® in different

solvents

Chemical shifts (61pms)”

CH
Solvent rac—

concentration meso rac meso
CCl, (saturated, <5%) 70.74 72.33 1.59
CHCl;, 25M 70.81 72.25 1.44
CH,Cl,, 25M 70.86 72.33  1.47
CeHer 25M 70.83 7218  1.35
CHZNO,, 2.5 M 71.62 72.80 1.18
CHLCN, 25M 71.33 72.18 0.85
(C,Hg)sN, 2.6 M 7108 7182 074
Pure (11 M) 70.96 71.56 0.60
H,0, 256M 71.08 71.47 0.39
C,H:N, 25 M 71.30 7164 0.34
DMF, 25 M 7150 71.50 0
DMSQO, 25M 7156 71.36 -0.20
HMPA, 2 M 71.62 71.09 -0.53

Ty (s. 308 K)
CHj CH CHa
rac—

meso rac meso meso raz meso rac
16.96 19.41 2.45 230 © 235 2.01 2.08
16.84 19.07 2.23 2.39 2.62 1.99 2.07
16.78 19.02 224 3.27 3.63 2.22 2.29
16.92 19.02 2.10 1.49 1.66 1.42 1.49
17.35 19.09 1.74 4.69 5.07 2.92 3.04
17.75 19.01 1.26 9.51 9.82 4.64 4.89
18.39 19.36 0.97 2.35 2.79 1.93 2.13
17.63 1854 0.91 0.42 0.48 0.64 0.69
17.07 17.80 0.73 3.21 3.51 2.09 2.16
18.64 19.00 0.36 3.62 3.99 2.35 2.48
18.74 1848 -0.26 4.7 2.70 2.80
19.87 19.16 -0.71 4.28 5.02 2.57 2.90
19.74 18.13 -1.61 2.68 2.92 2.37 2.55

@ Ratio of meso/rac isomers=3:2.
® From externatl (CD,),CO capillary, 8pyg=29.8 ppm.
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Table 3. Carbon chemical shifts and relaxation times of some 2,3-disubstituted butanes, CH,—CHX—CHY—CH,, with
unequal substituents

No. Substituents Chemical shifts {81pms)® Spin-lattice relaxation times, T, (s)
CHX CHY CH3(CHX) CH3(CHY) CHX CHY CHj; (CHX) CH3 (CHY)
No. X Y erythro threo  erythro threo  erythro threo erythro threo erythro  threo erythro threo  erythro threo  erythro threo
10 OH OCH,> 69.7 704 817 820 189 184 142 144 758 798 7.23 7.62 408 412 470 464
11 OH NH,° 701 714 520 530 180 193 181 202 055 048 055 050 078 070 0.76 0.73
12 OH NH,*® 66.6 682 522 535 179 195 123 151 049 047 047 045 061 059 0.72 069
2 From external (CD,),CO capillary; assumed at °Without solvent, ‘**N data: erythro 32.1 ppm; T,=3.0s: threo

Srms =29.8 ppm.
®In mixture with 2,3 dimethoxybutanes: OCH;: erythro
56.5 ppm; T,=11.0s: threo 56.6 ppm; T,=11.7s.

334ppm; T,=2.7s.
9 Without solvent, 'SN data: erythro 43.2 ppm; T,=2.5s: threo
42.9ppm; T,=2.3s.

Table 4. Carbon-13 chemical shifts and spin-lattice relaxation times of some 5,6-di-X-substituted n-decanes

Chemical shifts (81ms)
Substituent (X),

Spin-lattice relaxation times, T, (s)

No. solvent C-1,10 C-2,9 Cc-38 c4,7 C-5,6 C-1,10 C-29 c-38 c-4,7 C-5.6

13a  OH, CHCl, meso 138 2261 2815  30.80  74.64 2.20 1.39 2.07
3.95 3.14

rac 1386 2261 2775  33.19 7437 2.25 1.41 2.26

13b OH, DMSO meso  14.02 2242 2781 3222 7382 1.02 0.66 1.03
2.74 1.66

rac 1402 2238 2795 3214  73.17 1.07 0.74 1.08

9 CH, Pure meso 1404 2312 3014 3271  37.66 5.31 3.72 5.69
7.30 6.20

rac 1404 2310 3005 3472 3670 5.53 4.04 5.94

14 Cl, CHCl; meso 1370 2201 2812 3434 6589 3.03 2.1 3.77
4.40 3.62

rac 1370 2201 2875 3402 6534 2.84 2.1 3.42

15 Br, CHCl, meso 1372  21.89 2897 3648  59.78 3.11 2.50 4.18
4.97 4.01

rac 1372 2180 2982 3448  59.49 2.93 2.39 3.99

much higher accuracy can be obtained than from
comparing data from different samples.

However, the different sensitivity of isomers to
paramagnetic impurities cannot be ruled out, espe-
cially for "N nuclei. An initial sample of 2 3-
diaminobutanes had quite different nuclear Over-
hauser effects on the nitrogen atoms of the two isom-
ers. Preferential bonding of paramagnetic impurities
(probably from the metal parts of a spinning-band
column) to the racemic isomer was observed. Only
after redistillation from an all glass apparatus were full
NOEs observed for nitrogens in both amines.

RESULTS AND DISCUSSION

Chemical shifts and spin-lattice relaxation times of
measured pairs of isomers are given in Tables 1-4. As
seen from these data, resonances from meso (erythro)
isomers can be shifted to high, as well as to low field,
as compared with resonances of the racemic (threo)
isomers. Straightforward conformational analysis gives
a satisfactory explanation of most of the chemical shift
and spin-lattice relaxation data, as discussed below.

216 ORGANIC MAGNETIC RESONANCE, VOL. 14, NO. 3, 1980

In 2,3-disubstituted butanes three conformations
had to be considered for both erythro (meso) and threo
(rac) isomers. In the case of equal substituents, (X=
Y), two conformers (M2 and M3, Fig. 1) are equival-
ent in the meso isomers. The main conformations of
both isomers are determined by nonbonded interac-
tions, which depend on the nature of substituents.

For 2,3-diphenylbutanes (1) conformations with
trans-phenyl groups should be favored (M1 and R3).
This leads to increased shielding of methyl groups in

CHg
Y:&H erythro,
meso
H X
CHy
mi
CHy
Y
X
CH5

3 threo,
racemic

pas

R re R3

CHy CHg
H CHy  H,C Y
H X H X
Y H
me M3
CH, CH,
HsC H Y CH
H X H X
Y H

Figure 1. Conformations of 2,3-disubstituted butanes.
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the racemic isomer due to methyl-methyl gauche in-
teractions as compared with the meso isomer. Stronger
steric interactions in R3 lead to a somewhat smaller
mean molecular volume; hence a shorter effective
overall correlation time and longer T, values for corres-
ponding carbon atoms in the racemic isomer. Shorter
T, values are also observed for the aromatic carben
atoms of the meso isomer. Larger freedom of phenyl
group internal rotation in the less crowded meso
isomer should also be noted. This is indicated by the
larger ratio of T{™ to T,? in the meso isomer (1.85) as
compared with the racemic isomer (1.55).

Strong mutual repulsion of heavy halogen atoms in
gauche conformations leads to highly populated diax-
ial conformations of trans-1,2-dichloro- and dibromo-
cyclohexanes.'* Therefore, for 2,3-dichloro- and 2,3-
dibromo-butanes (2 and 3) conformations M1 and R3
should also be favored. Chemical shifts of carbon
atoms in the racemic isomers should again be shielded
relative to those of the meso isomers. Carbon relaxa-
tion times in the racemic isomers are also longer than
in the meso isomers, asin the case of 1. A conformational
study of 2,3-dibromobutanes on the basis of their IR
spectra showed a substantial decrease of M1 and R3
conformations in acetonitrile solution as compared
with the pure compound."” Indeed, the separation of
the lines of the CH and CH; groups from the meso
and racemic isomers is greatly reduced in acetonitrile
and even more so in DMSO solution, but the racemic
isomer still gives resonances at higher field (Table 1).

2,3-Butanediol isomers (4) should be quite suscepti-
ble to solvation effects and therefore a systematic
study of solvents was undertaken (Table 2). The data
reveal that the positions of lines from the meso and
racemic isomers can be interchanged in the series of
nonpolar solvents (CCl,, CH,Cl,) through very polar
solvents (DMSO, HMPA). Measured solvent effects
on chemical shifts can be explained as a combination
of intrinsic solvent shifts and those arising from con-
formational effects.

In the case of chloroform as a solute (which must be
free from conformational effects) more than 4 ppm
solvent shifts to lower field in strongly polar solvents
were observed,’® but no correlations of solvent shifts
with solvent properties, including reaction field ex-
pressions or solvent polarity functions, were found. As
a first assumption, changes in the positions of methyl
resonances can be considered to result from conforma-
tional effects, while changes in CHOH resonances can
result from both conformational and nonconforma-
tional factors. The methyl carbon resonance in meso-
butanediol is deshielded by 2.8 ppm in HMPA and
DMSQO, which is explained by the conformational
change from M2 (diol in CCl,, intramolecular H-
bond, 1.5 gauche interactions per methyl group) to
M1 (diol in HMPA, intermolecular interactions, 1
gauche interaction per methyl group). At the same
time, the methyl resonance of racemic butanediol is
shifted by a lesser amount (1.3 ppm) to high field,
which is understandable in terms of a change from R1
to R3. This change is much less favorable than the
conformational change of the meso isomer due to
extra gauche interactions between methyl groups in
R3.

© Heyden & Son Ltd, 1980

The main conformational change in the 23-
butanediol isomers with increasing solvent polarity is
M2 — M1, as viewed by the chemical shifts of the
methyl groups. It is interesting to note that chloroform
solvent shifts'® correlate well with methyl group chem-
ical shifts of meso-2,3-butanediol in the same solvents
(Fig. 2). Thus, the same properties of solvents deter-
mine the intrinsic solvent effects (chloroform) and
gradual conformational change from M2 to MI
(meso-2,3-butanediol). The smaller changes in the
methyl carbon chemical shifts of the racemic isomer
do not correlate with chloroform solvent shifts.

In all cases the two ">C resonances of each isomer
move as a pair (there is no case where crossover
occurs for one type of carbon without the other carbon
resonance being likewise affected).

The twentyfold spread in CH Tjs arises mainly from
change in solvent viscosity. However, it should be
noted that in all cases the racemic isomer has longer
T;s, indicating some additional mobility. Furthermore,
the ratios observed from T,CH,/T,CH allow estima-
tion of E, for internal methyl group rotation,'’
c. 2 kcal mol™". The data indicate no significant differ-
ence in —~CH; rotation in meso and racemic isomers.

Contrary to the butanediols, in 2,3-diaminobutanes
(5) spin-lattice relaxation times of meso isomers are
(slightly) longer, while relative chemical shifts of meso
and racemic isomers show the same trends in the
diamine and diol. Close analysis of carbon and nit-
rogen chemical shifts in pure diamines (5) and their
diprotonated forms (6) reveals that conformations
different from those in the diols had to be considered
in this case.’® The preferred conformation of meso-
amine should be M1 with trans-amino groups and R2
for the racemic isomer. R1 is ruled out by the near
equality of >N chemical shifts in meso- and racemic-
amines; the amino group nitrogen atom in R1 would
resonate at least 5 ppm to higher field than in M1 due
to the extra gauche interaction between amino
groups.'® R3 for the diamine is ruled out on the basis
of large differences in carbon chemical shifts on proto-
nation of the amine (Table 1). The methyl carbon in the
meso isomer is shifted to high field by 3.5 ppm and in
the racemic isomer by 7.2 ppm, which is explained by
change of conformation for the racemic-diamine dur-
ing protonation (from RZ2 with one gauche interaction
per methyl group to R3 with two gauche interactions
per methyl group).

a0k HMPA o

3.0

AS CHCI, (ppm)

Figure 2. Comparison of chloroform and meso-2,3-butanediol
methyl carbon chemical shifts in various solvents.
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In diprotonated amines strong electrostatic repul-
sions between NH," groups determine the conforma-
tions for meso and racemic salts as M1 and R3, with
shielded carbons and longer observed spin-lattice re-
laxation times for the racemic isomer. Nitrogen chemi-
cal shifts on protonation show only minor differences
between the two isomers, because the number of
gauche interactions with the participation of the amino
group does not change.

Carbon chemical shifts and relaxation times of 2,3-
butanediol diacetates (7) behave analogously to 2,3-
diamines, but 2,3-dimethoxybutanes (8) follow essen-
tially the pattern observed for bulky substituents, such
as phenyl, except that the CH; T,s from the meso
isomer are longer than in the racemic isomer. This
could be explained by somewhat increased CH, rota-
tion in the meso isomer or, alternatively, the effect
may result from differences in overall motional anisot-
ropy for the two isomers.

It should be noted that spin-lattice relaxation times
are very useful for assigning lines in mixtures of mono-
and di-methyl ethers of 2,3-butanediol. Monomethyl
ethers with free OH groups have definitely shorter
carbon spin-lattice relaxation times than dimethyl
ethers. In the 3-amino-2-butanols (11, Table 3) chem-
ical shifts and spin-lattice relaxation times behave as in
diamine isomers. Preferred conformations of salts of
aminoalcohols (12) are the same as in free aminoal-
cohols because there is no strong electrostatic repul-
sion within the molecule, observed in diprotonated
diamines (6). Near equality of '’N chemical shifts also
supports this conclusion.

Isomers of 5,6-dimethyldecane (9) can be viewed as
2,3-disubstituted butanes; they behave in the sense of
chemical shifts and spin-lattice relaxation times as if
they were 2,3-disubstituted butanes with bulky sub-
stituents. No single preferred conformation can be
assigned, however, for the meso or racemic isomer on
the basis of near equality of all alkyl-alkyl gauche
interactions (this is also consistent with a recent con-
formational analysis of 2,3-dimethylbutane from “*C
NMR spectra at low temperature®’). Nevertheless,
shorter spin-lattice relaxation times of resolved carbon
atoms can be useful in analysis of this type of isomeric
hydrocarbon mixture. Chemical shifts do not follow
the simple pattern observed in the short carbon chain.

5,6-Decanediols in chloroform solution give results
similar to those for 5,6-dimethyldecanes, but solvent
change to DMSO changes the relative positions of

lines from meso and racemic isomers at C-3,8 and
C-4,7 (which can be explained conformationally, as in
the case of 2,3-butanediol).

In 5,6-dibromo- and 5,6-dichloro-decanes, chemical
shifts of racemic CH groups are upfield from meso CH
groups, as in the case of the 5,6-dimethyl- or 5,6-
dihydroxy-derivatives, but racemic C-3,8 are shifted
downfield. This must again be explained by different
predominant conformations of dihalogenodecanes re-
lative to decanediols or dimethyldecanes. In di-
halogenodecanes these should be M1 and R3 (Fig. 1,
instead of CH; groups: n-C,H, groups). Spin-lattice
relaxation times from carbon atoms of meso isomers in
these cases are longer than from those of racemic
isomers, which is opposite to that observed for 2,3-
disubstituted butanes. However, in 2,3-dibromobutane
the racemic isomer has a higher density than the meso
isomer; beginning from 3,4-dibromohexanes the meso
isomers show higher density.”!

CONCLUSIONS

The present study shows that various patterns of
mutual chemical shifts and spin-lattice relaxation can
arise for corresponding atoms in a cyclic dias-
tereoisomers. In 2,3-disubstituted butanes all lines of
one isomer are usually shifted to high or low field
relative to the corresponding lines of the other isomer.
In longer aliphatic chains this is no longer true.
Nevertheless, mutual chemical shift patterns seem to
be operative. Simple conformational considerations
with the use of high-field gauche chemical shift effects
can be applied for analysis of mixtures. (A reviewer
pointed out that in complex molecules, interactions
between enantiomers may result in unique spectra for
racemates vis-d-vis pure enantiomers.??) Solvents
play an essential role in determination of chemical
shifts in mixtures of isomers, shifting conformational
equilibria in some cases. Spin-lattice relaxation times
can be useful in analysis of mixtures of aliphatic
diastereomers, giving information not available from
shielding and helping to determine preferred confor-
mations and conformational flexibility.
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