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Electron diffraction, microwave spectroscopy, and X-ray crystallography have tra-
ditionally been the methods of choice for conformation-strueture determination in the gas and
the solid phases. Unfortunately lacking has been an adequate method for obtaining structural
information in the isotropic liquid phase. Recently, we introduced a qualitative method for the
assessment of certain aspects of the conformations of six-membeped rings.? The original
study was limited to molecules of the type I, in which the ratio (R) between the average J

trans

Jtrans = '/2(Taq + Jee)

I H =
He e Jeis = '/2Upe * Jea)

and the average J cis W28 found to be diagnostic for the conformation of the ring and independent
of the electronegativities of X and Y. The conclusions of the study are summarized in Table I.

TABLE 1.
The Single R-Value Criteria
R=J; ans/ Jeis Conformation ® eea
1.9-2.2 Cyclohexane-like chair ~60°°
>2.5 Puckered chair <60°
<18 Flattened chair or flexible form >60°

2The dihedral angle between the vicinal equatorial protons. blf cyclohexane had the diamond
structure, this number would be exactly 60°; the actual value is probably somewhat larger.
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Since the R value can only determine the dihedral relationships about the two C, -CB
bonds, the conformation of the entire molecule cannot always be determined.? If, however,
one considers the pentamethylene rings [II, (CH;)5;X], spectral analysis of the appropriately

deuterated species will yield two independent R values, one between the atoms of Caand CB

D
X X
* D
B D B
b Y
D
-4,4-d, -2,2,5,5-d,
(Raa’ from II-d,) and another between those of Cg and Cv (RBV’ from II-d;). We have found

that this pair of numbers may be conjoined to yield a nearly complete conformational descrip-
tion of the ring. In this preliminary account of our work, we describe the double R-value
analysis of thiane3 (I, X = S) and 1, 1-dibromotellurane? 4 (I, X = TeBry).

The synthesis of the 1, 5-dibromopentane precursor of II-d; has been described previ-
ously.? Baeyer-Villiger oxidation of cyclopentanone-2, 2,5, 5-d,, followed by lithium aluminum
hydride reduction of the resulting lactone, yields 1, 5-pentanediol-1,1,4,4-d,, which may be

0
Br
D, Hy0; 5 o LlAm4 D, ed
K, co3 cpsco),o y

converted to the dibromide progenitor of II-d,. Spectra of thiane-d, and -d, and of 1,1-di-
bromotellurane-d, and -d, were recorded at room temperature in dilute methylene chloride
solution on a Varian A-60 spectrometer with simultaneous irradiation at the frequency of the
deuterium resonance. Analysis of the AA'BB' patterns was accomplished by the method of
Swalen and Reilly’ on the CDC-3400 computer with the Calcomp plotting accessory.

In Table II we have listed the spectral parameters determined at room temperature,
for which ring inversion should be NMR-fast. The values of RaB and RBY for thiane are almost
equal. Their magnitudes (~ 2. 6) indicate that ¢ ce has diminished somewhat all around the ring,
This puckering distortion is the same as that described for dithiane;? previous data for thiane®

could not yield a clear conformational picture. For 1, 1-dibromotellurane, Rae is rather small
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TABLE II.
The Complete Analysis of Thiane and 1, 1-Dibromotellurane

X
H
H; H, 1

¢ H,

Thiane (X = 8) 1,1-Dibromotelluranc (X = TeBr,)
avia, B) 48,55 + 0.1 hertz 88.11+ 0.1hertz
Av(B.v) 12.93 20. 10
AJgem(a. B) 0.0 3.52
A pem(8: V) 0.0 0.0
Jiy =Jayg 3.26 5.2
Jia =Jd23 8.51 7.82
J;s =J46 3.28 2. 56
Jye =dus 8.47 9.21
R 2.61 1.5

B :
R 2.58 3.60

By
The accuracy for these quantities is probably +0.2 hertz.

(1.5) and RBv is quite large (3.6). The molecule has apparently assumed a conformation in
which part of the ring is flattened and part is considerably puckered.

H

These two examples seérve to demonstrate the utility of the double R-value method.
Criteria for differentiation among the various conformational possibilities for the pentamethyl-
ene rings may now be stated through enumeration of the expected R-value pairs. It should
be recalled that, in general, any R value less than about 1. 8 indicates a widening of e and
(for the chair) a flattening of the ring, whereas a value greater than about 2.5 indicates a
closing of Pee and a puckering of the ring. Four conformational classes may be delineated.

(1) If both Raa and Rayare 1.9-2. 2, the ring is rather close to the "perfect chair" of cyclo-
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hexane. (2) If both quantities are considerably larger than 2. 2, the ring is substantially
puckered. (3) i Ry, is small, but RB« large (or vice versa), part of the ring is flattened, and
part puckered. (4) If both R values are small, the molecule i8 either "doubly flattened" or in
the flexible family.” Even though individual twist forms can have R values greater than 2.0,
the averaging of dihedral angles through pseudorotation will always bring both Ras and RBV
to less than 2.0.8 It was stated in the original work? that an R value less than 1. 8 for I could
not distinguish between the flattened chair and the flexible manifold. For molecules II, how-
ever, such a differentiation becomes possible by the above-outlined consideration of RBV.
Although these general rules can be utilized as diagnostics for conformational
distortions, borderline cases will undoubtedly be encountered. The principal shortcoming of
the R-value empiricism is that only the qualitative nature, and not a quantitative assessment

of the distortions is available.?
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