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of the rather limited s-range used in this
investigation and the large number of
nearly equal distances, the u-values are
not very well determined by this electron-
diffraction study. The conclusion drawn
about the skeleton structure does not de-
pend critically on the u-values as shown by
carrying out a refinement keeping the mean
amplitudes for all distances C2...C5 to
(02...06 in Table 1 equal to the values
calculated from spectroscopic data (ucaic)-
The torsional angle refined then to ¢ =4.8°.
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In the last two years the ring conforma-
tion of 1,3,2-dithiaphospholanes and
1,3,2-oxathiophospholanes have received
some attention. The PMR spectra of 2-
phenyl-1* and 2-fluoro-1,3,2-dithiaphos-
pholanes 3 have been completely analysed.
The spin-system confirms the existence of
pseudorotation with a pseudo-axial phenyl
or fluor group. The PMR analysis of 2-
chloro-, 2-phenyl-, and 2-phenoxy-1,3,2-
oxathiaphospholanes * have shown that the
five-membered oxathiaphospholane ring
exists mainly in an equilibrium between
two envelope conformations, with the
carbon atom 5 out of the ring plane. This
paper reports the PMR analysis of the cis
and {trans isomers of 2-chloro- and 2-
phenyl-4-methyl-1,3,2-dithiaphospholanes,
I and II.
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The PMR spectra of I and II show that
there are two kinds of methyl groups in
magnetically different environments in the
ratio approx. 1:3. The reasonable inter-
pretation of the spectra is that the two
kinds of methyl groups are cis and trans
to the substituent attached to the phos-
phorus atom.

The 100 MHz spectrum of I (Fig. 1)
consists of three main regions (§=4.7 to
4.3, 4.2 to 3.9, and 3.8 to 2.8). The low
field band is due to the methine proton at
carbon 4 of the cis and trans isomers and
the band in the region 4.2 to 3.9 is assigned
to one of the protons at carbon 5 of the
cis isomer. The complex high field region
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Fig. 1. 100 MHz PMR spectrum of 2-chloro-4-

methyl-1,3,2-dithiaphospholane. The methyl
group is not recorded.

of the spectrum is due to the two protons
at carbon 5 of the trans isomer and one of
the protons at carbon 5 of the cis isomer.

4397 Freq.in Hz 179.2

Fig. 2. 100 MHz PMR spectrum of 2-phenyl-4-
methyl-1,3,2-dithiaphospholane. The phenyl
group is not recorded.

The 100 MHz spectrum of II (Fig. 2)
consists of four main regions (§=4.0 to 3.5,
3.5 to 3.0, 2.8 to 2.6, and 2.4 to 2.1). The
low field band is assigned to the methine
proton at carbon 4 of the two isomers.
One of the protons at carbon 5 of the cis
isomer is found to resonance in the region
3.5 to 3.0, while the two protons at carbon
5 of the trans isomer resonance in the
region 2.8 to 2.6. The high field band of
the spectrum is due to one of the protons
at carbon 5 of the cis isomer.

The detailed spectral analysis of the
CH,— CH—-CH, protons was carried out
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successfully on the basis of an ABCX,P
spin system for the cis and trans isomers
of T and II, using the iterative computer
program UEAITR.® The spectral param-
eters are listed in Table 1. The experi-
mental and calculated spectra of some of
the protons of the cis and trans isomers of
II are shown in Figs. 3 and 4.
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Fig. 3. 100 MHz PMR spectrum of the A pro-

ton in the cis isomer of 2-phenyl-4-methyl-

1,3,2-dithiaphospholane. Upper: Observed
spectrum. Lower: Calculated spectrum.
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Fig. 4.100 MHz PMR spectrum of the A and B
protons in the trans isomer of 2-phenyl-4-
methyl-1,3,2-dithiaphospholane. Upper: Ob-
served spectrum. Lower: Calculated spectrum.

The succession of the chemical shifts for
the methyl groups in the cis and trans
isomers of I and II was found to be the
reverse of that for the corresponding
methine proton. It is believed that this
effect must arise from the pseudo-axial
position of the substituent attached to the
phosphorus atom. The proton at carbon 5
which is cis to the methyl group, exhibits
the same shielding as the axial protons at
carbon 4 and 6 in 2-chloro-1,3,2-dioxa-
phosphorinane,® which are always found in
the lower field as compared to the equato-
rial protons.

The magnitude of the geminal coupling
constants in the isomers of I and II are in
the expected range!® (—11.0 to —12.5
Hz). These coupling constants are smaller
(more negative) than those found in the
1,3,2-dioxaphospholanes.”~® This is ap-
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Table 1. Chemical shifts and coupling constants for the cis and {rans isomers of I and II.

Com. Isomer §CH, JA 6B C Coupling constants, Hz

pound Jag  Jac Jar Jec Ier  Jer Jem-c-m Jp-s-c—cm

I ct8 1.66 4.07 344 4.45 —12.07 440 650 1044 —1.94 1.00 6.73 0.00
trans 1.43 3.69 3.39 441 -—-11.82 5.05 0.15 5.64 2.30 1.36 6.58 0.00

I c18 1.35 3.17 2.26 3.63 —12.48 3.52 4.,59 11.11 —0.77 0.99 6.52 0.00
trans 1.19 2.83 2.76 3.65 —11.61 547 2.3¢4 503 —0.49 1.74 6.71 0.00

parently due to a combination of (a) a
reduced H— C—H angle and (b) a smaller
electron withdrawal effect of sulfur as
compared to oxygen. The cis and frans

ring plane and with an equatorial position
of both the methyl group and the substi-
tuent attached to the phosphorus atom.

coupling constants in the trans isomer of I Me 4

and II are very similar in magnitude 3
(Table 1), which probably implies that S ,2,
pseudo-rotation interconverts the non- é/ R

polar forms at rates that are large on the
PMR time scale, but that inversion at
phosphorus is slow. Dreiding stereomodels
of the trans isomer of I and II indicate that
the ring exists mainly in an equilibrium
between envelope conformations A and B
with carbon atom 4 out of the ring plane.

3
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1

The large difference in the coupling
constants between the trans and cis cou-
pling in the cis isomer of I and IT (Table 1)
is probably due to a fixed conformation,
C, with the carbon in position 4 out of the
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This is also in agreement with that found
from Dreiding models. Further detailed
studies and analysis of proton magnetic
resonance of other ring-substituted 1,3,2-
dithiaphospholanes are in progress in this
laboratory.

Experimental. 2-Chloro-4-methyl-1,3,2-di-
thiaphospholane (I) was prepared from 1,2-
propandithiol and phosphorus trichloride in
benzene solution using triethylamine as base,
b.p.; 104°C.

2. Phenyl-4-methyl-1,3,2-dithiaphospholane
(II) was prepared from 1,2-propandithiol and
dichlorophenylphosphine in benzene solution
using triethylamine as base, b.p.,, 118°C.

The PMR spectra of I and II were measured
as 50 9, solution in CDCIl;. The spectra were
recorded on a 60 MHz JEOL, C-60 H and a
100 MHz Varian HA-100 spectrometer. The
samples were degassed by the usual freezing
and thawing procedure using & vacuum line,
and the tubes were sealed in vacuum. Line po-
sitions were taken by averaging the data from
five spectra using a frequency counter. The
counter is accurate to 0.1 Hz for a 10 sec count.
The computations were carried out on an IBM
360/50 computer and the graphical output was
obtained using a Calcomp Plotter. The final
error observed was 0.1 when all parameters
were allowed to vary. The probable errors in
the coupling constants are 0.02— 0.03 Hz.
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Peroxidase

IX. Molecular Weight of the Enzyme
in Dodecyl Sulfate-Polyacrylamide
Gel Electrophoresis
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ytochrome ¢ peroxidase has been purified
Cfrom Pseudomonas aeruginosa in a homo-
geneous form.»? Minimum molecular
weights of 21 600 and 24 400 were cal-
culated for the enzyme from its iron and
heme ¢ content, respectively.? A molecular
weight of 53 500 was obtained on the basis
of the sedimentation and diffusion coeffi-
cients determined on the analytical ultra-
centrifuge and the experimentally meas-
ured partial specific volume.® This value
indicates that the enzyme contains two
heme groups per molecule. The molecular
weights calculated for two iron atoms and
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two heme groups are 43 200 and 48 800,
respectively. Further studies were nec-
essary to establish the molecular weight
of the enzyme and to clarify whether it
consists of one or two polypeptide chains.
The enzyme was therefore studied by
electrophoresis in polyacrylamide gel in the
presence of the ionic detergent sodium
dodecyl sulfate (SDS) which dissociates
oligomeric proteins to protomers. Under
these conditions, the electrophoretic mobili-
ties of proteins are related to the molecular
weight of the protomer polypeptide chain.*

Experimental. Pseudomonas cytochrome ¢
peroxidase (PsCCP) was prepared from the
acetone-dried cells of P. aeruginosa as previ-
ously described.’s? The preparation was homo-
geneous in disc electrophoresis (performed ac-
cording to Maurer,® pH 8.6, 7 9, gel; staining
according to Weber and Osborne ¢). SDS-poly-
acrylamide gel electrophoresis was carried out
in 109 gel as described by Weber and
Osborne.* When preparing the samples for
SDS-electrophoresis, the protein solutions were
heated at 100°C for 5 min before incubation
and dialysis to prevent possible proteolysis
during these steps.! Bovine serum albumin
(Fraction V, Armour), ovalbumin (Grade V,
Sigma), pepsine (crystallized, Sigma) and horse
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Fig. 1. SDS-polyacrylamide gel electrophoresis
of Pseudomonas cytochrome ¢ peroxidase and
the molecular weight marker proteins in 10 9,
gel, according to Weber and Osborne.* (a)
Horse heart cytochrome ¢, M.W. 12 400; (b)
pepsin, M.W. 35 000; (¢) ovalbumin, M.W.
45 000; (d) serum albumin, M.W. 67 000 (the
marker proteins were treated with 1 9, SDS
and 1 9% p-mercaptoethanol); (e) marker pro-
teins plus PsCCP, treated with 1 9% SDS and
1 9% B-mercaptoethanol; (f) PsCCP, treated
with 1 9% SDS and 1 9%, f-mercaptoethanol; (g)
PsCCP, treated with 1 9% SDS; and (h) suc-
cinylated PsCCP, treated with 1 9% SDS and
1 9% pB-mercaptoethanol.
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