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PMR Analysis of 2-Phenyl-1,3,2-dithiaphospholane and
2-Phenyl-1,3,2-oxathiaphospholane

KNUT BERGESEN, MALVIN BJORQY and THOR GRAMSTAD

Chemical Institute, University of Bergen, N-5014 Bg-U, Bergen, Norway

The high resolution magnetic resonance spectra of 2-phenyl-1,3,2-
dithiaphospholane and 2-phenyl-1,3,2-oxathiaphospholane have been
completely analysed. The geminal cis and trans and the phosphorus
proton coupling constants and the shift values are reported. The spin-
system of the dithiaphospholane ring confirms the existence of pseudo-
rotation with a pseudo-axial phenyl group, while the oxathiaphos-
pholane ring exists mainly in an equilibration between two envelope
conformations. Good fits are observed between experimental and
calculated spectra.

Analysis of the PMR spectra of five-membered rings with heteroatoms in
the ring has received considerable attention in recent years.l~7 Dioxalanes
are suitable test compounds for the conformational investigation of five-
membered rings. The PMR spectra are simplified because the oxygen atoms
cause different chemical shifts for the protons on carbon 2 compared to those
on carbon atoms 4 and 5. It is well established that the presence of two dif-
ferent substituents on carbon 2 gives rise to an AA'BB’ spectrum of the
protons on carbon 4 and 5. Haake and co-workers 5 have reported the complete
analysis of the PMR spectra for 2-chloro-, 2-methoxy- and 2-phenoxy-1,3,2-
dioxaphospholane in benzene and deuteriochloroform. Devillers and co-
workers 7 have analysed the 3P decoupled PMR spectra of 2-methoxy- and
2-phenoxy-2-o0x0-1,3,2-oxazaphospholanes which give rise to well resolved
ABXY patterns. This paper reports the complete PMR analysis of 2-phenyl-
1,3,2-dithiaphospholane (I) and 2-phenyl-1,3,2-oxathiaphospholane (I1I). The
conformation is discussed on the basis of the spectral properties.
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EXPERIMENTAL

2-Phenyl-1,3,2-dithiaphospholane (1) was prepared from ethanedithiol and dichloro-
phenylphosphine in benzene solution using triethylamine as base b.p., s 146°.

2-Phenyl-1,3,2-oxathiaphospholane (1I) was prepared from mercaptoethanol and
dichlorophenylphosphine in benzene solution using triethylamine as base b.p.,, 106°.

The PMR spectra were measured at 28°C in 50 %, solution of I and II in CDCl; and
were recorded on a 60 MHz JEOL, C-60 H instrument. Line position was taken by
averaging the data of four spectra. The computations were carried out on an IBM 360/50
computer and the graphical output was obtained using a Calcomp Plotter. The final
RMS error observed was 0.1 when all parameters were allowed to vary. The probable
errors of the coupling constants are 0.02 to 0.03 Hz.

SPECTRAL ANALYSIS

The PMR spectrum of I shows two bands at §=3.0 and §="7.5 (Fig. 1).
The lower band is assigned to the protons of the phenyl group attached to the
phosphorus atom and the band at higher field is due to the ring protons at
carbon atoms 4 and 5.

It has been observed 82 that addition of paramagnetic complexing agents
such as nickel(II)acetylacetonate (Ni(AA),), NiCl,, or COCl,, causes a de-
coupling of the phosphorus nuclei in the PMR spectra of phosphites, phos-
phonates, and phosphates. The complete decoupling of the protons of I is
obtained by using 0.01 M Ni(AA), in CDCl;. The PMR spectrum of the ring
protons is changed to an AA’BB’ spin system. This spin system has been
fully described in the literature,'®2 and the parameters obtained from the
analysis of an AA’BB’ spectrum are,

N=JAB+JAB' K=JAA+JBB’
L=JAB"JAB’ M=JAA_JBB'

The PMR spectrum of the ring protons of IT shows a rather complex, but
a well resolved pattern. The spectrum can be divided into two bands. The band
at lower field is assigned to the protons at carbon 5 due to the more deshielding
effect of the ring oxygen atom compared to the sulfur atom. Consequently,
the band at higher field is assigned to the proton at carbon 4. Addition of
Ni(AA), reduces the PMR spectrum to an ABXY spin system. Diehl and
Chuck *3 have developed, by using sub-spectral and direct methods, a systematic
analysis of an ABXY spin system. Using the parameters obtained from the
ABXY spin system the coupling constants and chemical shifts can be cal-
culated. The undecoupled spectra of I and II were analyzed using the iterative

Table 1. Chemical shift data for I and I1.%

A=A’ B=B" A B X Y

I 3.06 2.84
II 4.21 3.92 275 2.53

4 Chemical shift in ppm from tetramethylsilane.

Acta Chem. Scand. 26 (1972) No. 8



PMR SPECTRA OF FIVE-MEMBERED RINGS 3039

200.10 Freq. in Hz 153.60

Fig. 1. 60 MHz PMR spectrum of 2-phenyl-1,3,2-dithiaphospholane (I). The phenyl
group not recorded. Upper: Observed spectrum. Lower: Calculated spectrum.

least squares computer programs LACX2 and LAOCN3.'® A reasonable
correlation between theoretical and experimental spectra was obtained, as
shown in Figs. 1, 2, and 3. Chemical shifts and coupling constants of the
computed compounds are listed in Tables 1 and 2.

Table 2. Spin-spin coupling constants (in Hz) for I and II.

*Jap pp’ an' Jpa’ MJap Vep Vax Jay Vex ¥y Wxy JIxp ¥Vyp

I —11.36 5.40 6.13 6.66 1.88 —1.05
II - 9.26 3.27 7.26 4.27 6.78 5.87 8.38 —11.26 3.12 —0.49

RESULT AND DISCUSSION

The cis (Jas7#Jpp) and trans (Jap=Jap) coupling constants of I are
found to have a positive sign, and the geminal (Jap=Jap’) negative sign.
This observation is in agreement with that found for dioxalanes! and
sulfites.’ The phosphorus-proton coupling is found to be positive and negative.

The ring is non-planar and the equality Jp-=J o's originates from a rapid
interconversion of two equally populated families of pseudorotation conformer.
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182.80 Freq.in Hz 133.20

Fig. 2. 60 MHz PMR spectrum of the X and Y protons in 2-phenyl-1,3,2-thiaoxaphos-
pholane (II). Upper: Observed spectrum. Lower: Calculated spectrum.

Each form represents the average of a range of conformations of practically
equal energy, pseudolibration.!4,’® There is no direct information available
about the important average torsional angle of the fragment S —CH, —CH, —S
in 1,3,2-dithiaphospholanes.

Ring torsional angles of the fragment —CH,—CH,— in six-membered
rings are calculated using the vicinal proton-proton coupling constants ac-
cording to the method of Lambert 2° and Buys.?! The torisonal angle 0 is given
by the expression cos 6=[3/(2+4R)]} where the measurable R is obtained
from the equation R=(J,,+J..)/(/,e+J.,). By this method, a quantitative
determination of the dihedral arrangements within the XCH,CH,Y fragment
may be made. The calculated torsional angle of the fragment S — CH, —CH, — S
in I by this method is approx. 48°. This is not in agreement with the calculated
torsional angle for the cyclic sulfite (33°) and 2-phenyl-1,3,2-dioxaphos-
pholane 5 (27°). Here the calculation was based on the method of cos? f relation.

271.40 Freq. in Hz 21380

Fig. 3. 60 MHz PMR spectrum of the A and B protons in 2-phenyl-1,3,2-thiaoxaphos-
pholane (II). Upper: Observed spectrum. Lower: Calculated spectrum.
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In dioxanes,' 3 sulfites,’ and 1,3,2-dioxaphospholanes ® the geminal coupling
constant is found to be in the range of approx. —7.3 to — 8.6 Hz. In the 1,3,2-
dithiaphospholane the geminal coupling is smaller (more negative), —11.4,
which is apparently due to a combination of (a) a reduced H—CH ~ angle
and (b) smaller electron withdrawal effect of sulfur as compared with oxygen.

The cis coupling in 1,3-dioxalanes, 3 sulfite,® and 1,3,2-dioxaphospholanes 5
has been observed to be larger than the frans coupling. However, in compound
I the cis coupling constants are found to be smaller than the trans. Such reserve
observation is also found in 2-phenyl-1,3,2-dithiarsolane.??

Kainosho and Nakamura ¥ proposed a relationship between J, ., and
the estimated dihedral angles. Representative values.of Jpo.; for some
substituted five- and six-membered ring phosphites have been presented in a
Karplus plot type.!” From this plot coupling constants of about 2 Hz and 9
Hz correspond to dihedral angles of 90° and 180°, respectively. A similar depend-
ence of the J,q., with the dihedral angle of the fragment —P—S—C—H is
also found.!® However, the phosphorus-proton coupling constant is much
smaller, probably due to the longer P—S bond as compared to the P—O
bond. The difference in the phosphorus proton coupling constants in I, 1.88
and —1.05 Hz, probably indicates that the ring prefers twist-envelope forms.

The chemical shift of the A proton in the AB part of the spectrum of IT is
found to be downfield due to the deshielding effect of the pseudo-axial phenyl
group. The same observation is also found for the X proton in the XY part
of the spectrum. The geminal coupling constant, Jxy, in the sulfur part of
the ring is found to be larger than the geminal coupling in 1,3,2-dioxa-
phospholanes and 1,3,2-oxazaphospholanes, probably due to the same effect
as proposed for 2-phenyl-1,3,2-dithiaphospholane. The phosphorus-proton
coupling constants, J,p Jyp Jxp, and Jyp are found to be 3.2, 7.3, 3.1, and
— 0.4 Hz, indicating different dihedral angles in the two P — O — C —H coupling
paths, respectively, in the two P—S —C—H coupling paths. This observation
probably indicates that the five-membered oxathiaphospholane ring exists
mainly in an equilibration between two envelope conformations, where the
carbon atom in position 5 is out of the ring plane.

The best correlation between calculated and experimental spectra of 1I is
obtained assuming a negative sign for Jy, and a positive sign for the other
phosphorus proton coupling constants.

Acknowledgement. The authors express their thanks to cand. real. Per Albriktsen for
valuable discussions of the PMR spectra.
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