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ABSTRACT: The 13C natural abundance undecoupled NMR measurements were carried out 
on poly(oxy-1,1-dimethylethylene) (PODME) and its model compound, 1,2-dimethoxy-2-methyl
propane (DMMP) in neat liquid as well as in solution over a wide range of temperature. The 
solvents used were cyclohexane-dw methylcyclohexane-d14, a-dichlorobenzene, and dimethyl
sulfoxide-d6. Because of the limited solubility of PODME in conventional organic solvents, the 
measurements for the polymer were undertaken only in a-dichlorobenzene at higher temperatures. 
The analysis of the undecoupled CH3 signals yielded the vicinal 13C-C-C-H coupling constant, 
corresponding to an average of contributions from the three rotational isomers defined around the 
skeletal C-C bond. The values of 3 J T and 3 J 6 , and the energy difference between the trans and 
gauche conformers (E.= E9 - E,) were determined from the temperature dependence of the vicinal 
coupling constant by the least-squares type analysis of Gutowsky. A value of E.=0.5 kcal mol- 1 

was obtained for DMMP irrespective of the solvents used. Nearly the same value was deduced from 
the analysis of PODME. These results agree well with those obtained from the analysis of the 
experimental values of the dipole moment of DMMP in nonpolar solvents as reported in paper I. 
The values of 3 JT and 3J6 were estimated to be 4.8±0.4 and 2.0±0.2Hz, respectively. 
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where the 13C atom suffixed with X indicates 

In the preceding paper1 (referred to as paper I), 
the conformational equilibria for 1,2-dimethoxy-2-
methylpropane (DMMP) were studied by analysis 
of the dipole moment data obtained in various 
nonpolar solvents. The conformational energy 
parameter E. defined for the skeletal C-C bond was 
estimated to be ca. 0.5 kcal mol- 1 (I cal=4.2 J), a 
value of the same order of magnitude being ob
tained from the semiempirical energy calculations.1 

the isotope existing in natural abundance. 
The coupling constant 3 lax may be defined as a 
rotational average such as 

In this communication, we have primarily studied 
the conformation dependence of the vicinal nuclear 
spin-spin coupling constants 3 l 13cH associated with 
the moiety 

3 lax= (j,j2)(Jr+lG)+(fg/4)(Jr+ 3 lG) (1) 

where the structural relations of lr and lG are 
shown in Figure I. Fractions of the trans (!,) and 
gauche conformers (fg= 1-/,) around the central 
C-C bond can be estimated by using the statistical 
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Figure 1. Three conformers of DMMP around the 
skeletal C-C bond, with definitions of the trans e lr) and 
gauche COUplings e J G), 

weight parameters introduced in paper I. For 
DMMP (cf eq 3-5 of paper 1), 

j, = 3/[3 + 2a(2 +w' + 2a' w+ a' ww')] (2) 

From an inspection of an appropriate model, we 
may obtain an expression for the internal residue 
of the poly(oxy-1,1-dimethylethylene) (PODME) 
chain (cf eq 6-8 of paper 1), 

j, = 3/[3 + 2a(2+w')] (3) 

The statistical weight parameters a', w, and w' can 
be calculated for a given temperature from the 
results obtained in paper I. In keeping with the 
previous treatment, 1 a is taken to be an unknown 
parameter. Thus, 3 lax is ultimately given as a 
function of 3ln 31G, and a (=exp(-Eu/RT)). 
Following Gutowsky,Z we shall determine 3 lr, 3 lG, 
and Eu from the temperature dependence of 3 lax· 
Since PODME is quite insoluble in conventional 
organic solvents at an ordinary temperature, the 
effect of solvents is investigated only for DMMP. 

EXPERIMENTAL 

Details of the DMMP sample are described in 
paper I. A high molecular weight sample of 
PODME3 was generously supplied by Daicel Co. 
The solvents were all commercially available and 
used without further purification. 

The 13C natural abundance undecoupled NMR 
spectra were recorded on JEOL FX-60 and PS-100 
NMR spectrometers equipped with FT and gated 
decouple systems. The former instrument was oper
ated at a resonance frequency of 15 MHz over the 
temperature range 25-165°C. In the measure
ments, 3000 transients were accumulated with a 90° 
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rf pulse of 10 flS duration. The pulse repetition time 
was 5 s, which is five times as large as T1 for the 
carbon nucleus of interest. NMR sample tubes with 
a diameter of 10mm were used. 

For the measurements at lower temperatures, the 
latter spectrometer (PS-1 00) was used. This instru
ment was operated at 25 MHz over the range -50 
to 110°C. The number of transients accumulated for 
each 90° rf pulse of 20 flS duration was 800. The 
pulse repetition time was 10 s. An NMR sample 
tube with a diameter of 8 mm was used. 

The temperatures were maintained within ± 1 oc 
during the NMR measurements. Cncentrations of 
the sample solutions were ca. 20% (w/v). 

RESULTS 

Analysis of 13 C NMR Spectra 
An example of the 13C NMR spectra of POD ME, 

obtained in a-dichlorobenzene by proton decoupl-

I 
-c-
' 

(a) J 

70 50 30 
S, ppm 

Figure 2. The 13C NMR spectra of PODME in a
dichlorobenzene at 155°C: (a) proton decoupling, 600 
scans, and (b) gated decoupling, 1500 scans. Chemical 
shifts are expressed in ppm relative to tetramethylsilane. 
A septet found at about 40 ppm is due to dimethyl
sulfoxide-d6 kept in a capillary for the 2 D lock. 
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Figure 3. The 13C NMR spectra of the pendant methyl carbon: (a) POD ME in a-dichlorobenzene at 
155°C, 3000 scans, and (b) DMMP in the same solvent at 70°C, 3000 scans. 

ing, is shown in Figure 2a. Since the repeat unit of 
the polymer comprises three nonequivalent nuclei, 
the same number of sharp singlets were observed. 
When gated decoupling was applied, a proton coupl
ed 13C spectrum was obtained (Figure 2b). In this 
figure, a quartet located on the right arises from the 
articulated methyl carbons, a triplet in the center 
comes from the methylene carbon, and a singlet on 
the left is associated with the tertiary carbon carry
ing no directly-bonded protons. Further inspection 
of the spectrum reveals that each peak of the 
aforementioned quartet for the methyl carbons 
bears fine splittings due to vicinal couplings with 
protons. The corresponding spin system is A3BB'X. 

Shown in Figure 3 are the X spectra for DMMP 
and PODME. These two spectra are very much 
alike. The values of the effective BX vicinal coupling 
constant deduced from these figures should provide 
useful information regarding the conformation 
about the skeletal C-C bond. The vicinal 
13C-C-C-H coupling constants were therefore de
termined with the aid of the computer program 
LAOCN III,4 and the results are summarized in 
Table I. All the spectra were resolved within a 
probable error ±0.01 Hz. The observed vicinal 
coupling constants 3 JBx decrease with increasing 
temperature in neat liquid as well as in solution. 
Methy!cyclohexane-d14, which has a freezing tem
perature lower than cyclohexane-d12, was used m 
order to cover a wider temperature range. 
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Estimation of 3 Jr. 3 Jc, and Eafrom the Temperature 
Dependence of the Coupling Constant 3 JBx 
As stated in the introductory part, the values of 

3 J r, 3 J G• and conformational energy parameter Ea 
can be determined from the temperature depen
dence of 3 JBx· Our method is essentially the same as 
that originally developed by Gutowsky. 2 The treat
ment is based on the assumption that variation in 
the population of rotational isomers is the major 
factor involved in causing such a temperature de
pendence of the vicinal coupling constant.5 The 
conformational energy parameters Es are assumed 
to be effectively temperature independent.6 

Minimization of the sum of squares of nonlinear 
functions as given below was carried out according 
to the Powell method7 : 

/(X X X)=" [F exptl 
1' 2' 3 L.... k 

k 

- F (x 1, x2 , x3, Ea, E"'" Tk)J 2 (4) 

where F kexpti indicates the experimental value ob
served at temperature Tk, and F the analytical ex
pression as a function of x1 , x2 , x3 , and Tk. The 
subscript k specifies the number of experimental 
data. The variables x1 , x2 , and x3 correspond to 3 Jr, 
3Jc, and Ea, respectively. The parameters Ea, E"', 
and E"', were taken from Table III of paper I. The 
minimum of f was searched by iteration starting 
from the best trial values of 3 J n 3 J c, and Ea. 

The values of 3 J r, 3 J c, and Ea determined in this 
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Table I. Temperature dependence of the 
vicinal coupling constants 3 lax 

for DMMP and PODME 

DMMP in cyclohexane-d12 

T 

25 
40 
55 
70 
80 

DMMP in methylcyclohexane-d14 

T 

oc 

-50 
-10 

0 
26 
35 
45 
56 
68 
74 
84 
88 

108 

DMMP in a-dichlorobenzene 

T 

oc 

25 
40 
50 
70 

100 

Hz 

3.210 
3.204 
3.201 
3.186 
3.184 

'lax 

Hz 

3.256 
3.242 
3.237 
3.2\ 
3.227 
3.224 
3.202 
3.191 
3.180 
3.178 
3.175 

3.166 

'lax 

Hz 

2.949 
2.932 
2.920 
2.919 
2.908 

manner are listed in Table II. The analysis estab
lished unambiguous values for these parameters, 
except for the usual uncertainty in the absolute sign 
of the J's. The dielectric constants of the solvents 
used8 are also included for reference. 
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DMMP in dimethylsulfoxide-d6 

T 

25 
45 
60 
80 

100 

DMMP (neat liquid) 

T 

26 
42 
57 
70 
90 

PODME in a-dichlorobenzene 

T 

110 
127 
140 
155 
167 

DISCUSSION 

Hz 

2.964 
2.952 
2.944 
2.938 
2.924 

Hz 

3.289 
3.287 
3.252 
3.249 
3.242 

Hz 

3.124 
3.120 
3.108 
3.086 
3.080 

As si)own in Table II, the values of 3 J 6 remain 
nearly constant (2.0 ± 0.2 Hz), irrespective of the 
solvents used. The corresponding values of 3 Jr are 
slightly more scattered within the range 
4.8 ± 0.4 Hz. The results obtained for the polymer 
(PODME) in a-dichlorobenzene (110-167°C) were 
found to be nearly identical with those for the 
model compound (DMMP) deduced in the same 
solvent, but over a somewhat lower temperature 
range. Barfield9 carried out theoretical calculations 
of vicinal 13C-1 H coupling constants for a variety of 
molecular systems by using the semiempirical 
INDO-finite perturbation theory.10 He obtained 3 J 
(¢=0)=8.78 and 3J (4>= 120)= 1.97 Hz for pro-
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Table II. The best-fit values of 3 Jr. 3 la, and E. of DMMP and POD ME deduced 
from the analysis of the temperature dependence of 3 lax 

Dielectric 
constant of 

Compound Solvent 
solvent• 
(25°C} 

DMMP Cyclohexane-d12 2.02 
Methylcyclohexane-d14 2.02 
Neat liquid 
a-Dichlorobenzene 9.93 
Dimethylsulfoxide-d6 46.7 

POD ME a-Dichlorobenzene 9.93 

• Reference 8. 

pane in the regularly staggered conformation: for 
the former coupling constant, a value of 
3 J T = 13 ± I Hz was estimated from the experi
ment.U A better agreement was found for the 3 J T 

values of some cycloalkanes such as cyclohexane 
and adamantane. 12 It has been known that the 
magnitude of the vicinal coupling constant tends to 
decrease with substitution of electronegative groups 
at the f3 and y positions. Forrest and Sukumar13 

concluded from studies on a series of t-butyl de
rivatives (13CH3C(CH3)z Y: Y = D, CH3, I. Br, Cl, 
F) that the 3 lcH value decreases with the elec
tronegativity of substituent Y. A similar trend 
has been observed for 1H-1H vicinal coupling 
constants.14 Barfield, Marshall, and Canada12 

examined the y-effect on 3 lcH: the value of 3 J 
(4>=0) calculated for 3,3-dihydroxypropane 
( 13CH3CH2CH(OH)z) was in the range 5.30-6.55 
Hz. No examples were found in the literature for 
2,3-disubstituted compounds with which our results 
may be directly compared. 

The value of E. of DMMP was estimated to be 
ca. 0.5 kcal mol-l, indicating that the trans form is 
more stable than the gauche form, in all the solvent 
systems employed. The solvents used in this study 
cover a range of dielectric constants from 2.02 to 
46.7 (Table II). The observed insensitivity of E. to 
the polarity of the media throughout this range may 
be somewhat inconsistent with what one might 
expect from the results reported on some 1,2-
dihaloethanes/5 whose rotational equilibria have 
been known to be largely solvent dependent. The 
magnitude of the conformational energy E. ob
tained above agrees favorably with those (0.4-0.8 
kcal mol- 1) deduced1 from the analysis of the 

Polymer J., Vol. 13, No. 11, 1981 

3JT 3JG E. 

Hz Hz kcalmol- 1 

5.0±0.5 2.0±0.2 0.50±0.05 
5.1 ±0.4 2.0±0.1 0.50±0.04 
5.2±0.5 2.0±0.2 0.50±0.05 
4.4±0.5 2.0±0.2 0.50±0.06 
4.4±0.5 2.0±0.2 0.50±0.06 
4.9±0.7 2.0±0.2 0.50±0.08 

dipole moment of DMMP in nonpolar solvents 
such as benzene, carbon tetrachloride, and cyclo
hexane. Because of the limited solubility of 
POD ME in organic solvents, the value of the same 
energy could be estimated for the polymer only in a
dichlorobenzene at higher temperatures. The result 
was found to be identical with that of DMMP 
within experimental error. 

The theoretical value of E. evaluated by using 
semiempirical potential energy expressions was 0.5 
kcal mol- 1 as described in paper I. The agreement 
between theory and experiment again suggests that 
the gauche oxygen effect16 is entirely suppressed in 
DMMP as well as in PODME. 

Acknowledgment. The authors wish to thank Dr. 
K. Tanaka of Daicel Co. Ltd. for kindly providing 
the samples used in this study. 

REFERENCES 

1. K. Kato, K. Araki, and A. Abe, Polym. J., 13, 1055 
(1981). 

2. H. S. Gutowsky, G. C. Be1dford, and P. E. 
McMahon, J. Chern. Phys., 36, 3353 (1962). 

3. T. Yamazaki, S. Oya, N. Tsukane, K. Tanaka, H. 
Toba, and K. Yamagishi, Polymer, 16, 425 (1975). 

4. S. Castellano and A. A. Bothner-By, J. Chern. Phys., 
41, 3863 (1964); R. J. Abraham, "The Analaysis of 
High Resolution NMR Spectra," Elsevier, 
Amsterdam, 1971. 

5. J. C. Schug, P. E. McMahon, and H. S. Gutowsky, J. 
Chern. Phys., 33, 843 (1960). 

6. P. J. Flory, "Statistical Mechanics of Chain 
Molecules," Interscience, New York, 1969. 

7. M. J. D. Powell, Computer J., 7, 303 (1965). 
8. J. A. Riddick and W. B. Bunger, Ed., "Organic 

Solvents," 3rd ed, Wiley-lnterscience, New York, 

1067 



I. ANDO et a/. 

1970; N. Koizumi in "Shin Jikken Kagaku Koza," 
Vol. 5, The Chemical Society of Japan, Ed., Maruzen 
Co., Tokyo, 1976, Section 4.7. 

9. M. Barfield, J. Am. Chern. Soc., 102, I (1980). 
10. J. A. Pople, J. W. Mciver, Jr., and N.S. Ostlund, J. 

Chern. Phys., 49, 2960, 2965 (1968). 
II. R. Wasylishen and T. Schaefer, Can. J. Chern., 50, 

2710 (1972). 
12. M. Barfield, J. L. Marshall, and E. D. Canada, Jr., J. 

Am. Chern. Soc., 102, 7 (1980). 
13. T. P. Forrest and S. Sukumar, Can. J. Chern., 55, 

1068 

3686 ( 1977). 
14. J. Kowalewski, Progress in NMR Spectroscopy, 11, I 

(1977). 
15. R. J. Abraham and E. Bretschneider in "Internal 

Rotation in Molecules," W. J. Orville-Thomas, Ed., 
Wiley-lnterscience, New York, 1974, Chapter 13. 

16. S. Wolfe, Ace. Chern. Res., 5, 102 (1972); N. S. 
Zefirov, L. G. Gurvich, A. S. Shashkov, M. Z. 
Krimer, and E. A. Vorob'eva, Tetrahedron, 32, 1211 
(1976). 

Polymer J., Vol. 13, No. 11, 1981 


	Configurational Characteristics of Poly(oxy-1,1-dimethylethylene) .II. Conformations around the Skeletal C-C Bond as Determined by the Vicinal 13C-1 H Coupling Constant Studies
	EXPERIMENTAL
	RESULTS
	DISCUSSION
	REFERENCES


