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The 'H and >C NMR spectra of a series of 1,3,2-dioxarsolanes have been obtained at 2.1 T and some at
9.47T. The chemical shifts and spin-spin coupling constants have been obtained from complete spectral
analyses of the '"H and proton-coupled >C spectra. The spectral data are interpreted on the basis of two
rapidly interconverting half-chair conformers with a pseudoaxial substituent at arsenic. Unique assignment of
syn/anti or cis/trans geometries have been made from 'H or >C NMR spectroscopy alone. The syn and trans
isomers of the 4-methyl- and 4,5-dimethyl-1,3,2-dioxarsolanes, respectively, appear to be conformationally
biased towards the forms with pseudoequatorial methyl groups. The general trends in the geminal and vicinal
"H-'H and “C-'H coupling constants are interpreted in terms of stereospecific, electronegativity and
lone-pair effects of the oxygen heteroatoms and conformational factors. The NMR data on the 1,3,2-
dioxarsolanes are discussed with reference to related 1,3-dioxa- and 1,3-dithia- five-membered rings with As,

P, S or C at the 2-position.

INTRODUCTION

NMR studies of saturated five-membered rings pres-
ent considerable difficulties owing to the easy inter-
conversions that occur between numerous equi-
energetic conformers by a pseudorotational mechan-
ism.»> Experimental determinations often do not pro-
vide direct evidence for a conclusive description of
either a single conformation or of a set of conforma-
tions which can better represent the molecule. Al-
though external substituents may prevent complete
pseudorotation, conformational changes are still quite
easy when one, or even two, small substituents are
introduced into the five-membered ring.>*

Previously, studies of molecular conformations of
saturated five-membered rings have been largely
based on the analysis of vicinal proton—proton coupl-
ing constants>® and, in recent years, >C chemical
shifts.'®** Unlike *3C shifts, which are easily obtaina-
ble from 3C {*H} spectra, information regarding *C-
'H coupling constants requires the accumulation of
proton-coupled spectra, followed by detailed spectral
analysis. Usually a prerequisite of such an analysis is a
re-analysis of the 'H spectra obtained from the same
solution as that for the '*C spectra, since otherwise
medium effects may introduce considerable errors.

Previous studies of *C-'"H coupling constants on
saturated five-membered rings have largely concen-
trated on one-bond coupling constants, whereas longer
range *C~'H coupling constants have received limited
attention, in spite of their potential usefulness.'?
Further, much of the reported data on **C-"H coupl-
ing constants is of doubtful quality, as they have been
obtained from a first-order analysis of second-order
spectra.

* Author to whom correspondence should be addressed.
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The 'H NMR spectra of a series of 1,3,2-
dioxarsolanes have been reported in preceding pap-
ers.'>™ It has been found that the arsolanes exist in
rapidly interconverting nonplanar forms, with a stable
configuration at arsenic.

This paper reports the complete spectral analyses of
the complex 'H and proton-coupled >C spectra of the
1,3,2-dioxarsolanes shown in Scheme 1. The syn and
anti nomenclature refers to the relative orientation of
the 2-R and 4-methyl substituents, whereas the cis
and frans configurations define the mutual orientation
of the CH; groups only.

This series of compounds differs only in the sub-
stitution at C-4 and C-5 for a given 2-substituent. It
can thus be assumed that conformational changes are
mainly localized in the torsional angle of the C-4-C-5
fragment, the geometric properties of the remainder of
the molecule being roughly constant.

RESULTS AND DISCUSSION

The *H and *C NMR spectra which were used for the
spectral analyses were obtained from the same sam-
ples. For the analysis of the *C spectra it was assumed
that the "H chemical shifts of the *C isotopomers are
the same as those of the >C isotopomers. The preci-
sion of the resulting parameters, in comparison with
the small isotope effect, justifies this assumption.
The 'H and “C spectra of 1-5 were analysed as
AA'BB’ and AA'BB'X spin systems, respectively.
The analyses of the 'H and '*>C spectra of 6-8 were
carried out on the basis of ABCK; and ABCK;X spin
systems, respectively. The analysis of the '"H and *C
spectra of the 4-methyl compounds obtained at 2.1°T
were difficult, owing to partial overlap of spectral lines
from the anti and syn isomers."*** The *C spectra of
6-8 were, therefore, re-run at 9.4 T (100.62 MHz) in

order to simplify the spectral analysis. At this higher
field the '3C spectra of the two isomers were well
separated and were nearly first order, with almost
identical low- and high-field spectral patterns. It was
thus possible to obtain fairly good trial values for the
BC-'H coupling constants from direct first-order
analysis.

The methine and methyl protons and carbons
in compounds 9-11 constitute AA'K;K, and
AA'K;KL'X spin systems for the cis isomers, and
ABK;L; and ABK;L.X spin systems for the trans
isomers. A slight overlap of lines from the two isomers
was observed in the 'H spectra, whereas the C
signals of the two isomers were well separated at 2.1°T
(Fig. 2).

Careful comparison of trial spectra with the experi-
mental spectra allowed the determination of the start-
ing parameters for all compounds. All 'H and “C
spectra were subjected to iterative refinements, and
the distinct second-order nature of the spectra ob-
tained at 2.1 T yielded the relative signs of the coupl-
ing constants. The final parameters, the number of
assigned transitions and the RMS errors resulting from
the computer analysis are listed in Tables 1-4. Good
fits between the observed and simulated spectra were
obtained, as shown in Figs 1 and 2.

Precise conformational assignment of the 1,3,2-
dioxarsolanes is difficult, and the situation is compli-
cated by the possibility that more than one conformer
might be appreciably populated. Therefore, in the
discussion which follows, for the sake of simplicity, we
shall interpret our results and those of previous work
in terms of the rapidly interconverting half-chair forms
depicted in Scheme 2. It will be noted that the NMR
data are adequately rationalized on the basis of these
forms, but the data could also probably fit other
conformers.

Table 1. 'H chemical shifts (ppm from TMS) and *H-"H coupling constants (Hz) in 1,3,2-dioxarsolanes

Parameter 1° 2 3 4 5 e° 8 g° 10 11
syn anti syn anti cis trans cis trans cis trans

Sa 4.38 4.08 3.94 4.00 3.99 3.65 3.49 3.36 3.68 3.55 4.53 3.90 4.41 382 4.36 3.80
Sns 4.18 3.87 375 3.73 3.7 4.34 4.03 4.15 4.22 4.32
Sn.c 4.44 4.03 4.37 4.24 4.58 3.90 3.56 349
84cn, 1.24 1.21 1.10 1.35 1.27 1.08 1.23 1.05 1.23 0.93 1.09
Bs.cny 1.08 1.23 1.0 117 0.93 1.04
2J(H-A, H-B) -890 -898 -891 -890 -891 -911 -915 -892 -9.10 -873
3J(H-A, H-A') 6.31 6.11 6.19 6.02 6.01 5.74 5.33 5.40
2J{H-B, H-B) 6.31 6.11 6.14 5.99 5.97
2J(H-A, H-B)) 6.50 6.36 6.44 6.40 6.40
2J{H-A, H-C) 8.93 9.99 7.58 9.87 7.59 9.43 9.01 9.1
24(H-B, H-C) 574 5.41 5.43 5.56 5.71
3J(H-C, CHy)® 6.02 6.02 6.09 6.08 6.03 5.65 6.36 6.07
3J(H-A, CH,)° 6.41 5.65 6.45 6.07 6.26 6.05
4J(H-A, CH,)® -0.04 -006 -0.01 -0.06 -0.02 -0.20 0.26 -0.35 -0.13 0.00 -0.17
4J{H-B, CH,)° -0.17 -0.13 -0.06 -0.36 -0.06
4J{H-C, CH,)° 0.26 0.17 -0.16
No. of assigned

transitions 22 22 18 19 73 60 77 85 95 282 340 292 248 186 29
RMS error 0.035 0.013 0034 0020 0.019 0.080 0.043 0.035 0051 0.010 0.077 0.082 0.083 0.097 0.054 0.051

20.1% in CCl,."® In 70% benzene-dg only one peak at 84.04 is observed.

® Averaged spectral parameters due to rapid exchange of chlorine.
¢ CH, represents the 4- or 5-methyl group as appropriate.
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Table 2. ™*C chemical shifts (ppm from TMS) and *C-"H coupling constants (Hz) of the C-5 carbon in 1,3,2-dioxarsolanes

Parameter 1° 2 3 4 5 6° 7 8 9° 10 n
syn anti syn anti cis trans cis trans cis trans

8¢cs 68.7 67.8 67.7 67.7 675 74.2 735 738 73.0 73.5 78.8 82.8 77.3 80.6 77.2 80.6
1J(C-5, H-A) 150.7 147.52 149.09 147.69 147.60 148.33 145.30 146.58 147.16 147.71 149.14 148.20 147.00 145.60 148.43 147.39
'J{C-5, H-B) 150.7 148.11 149.35 14859 147.18 149.84 147.64 146.94 148.31 147.93
2J(C-5, H-A) -0.5 -0.35 -0.46 -047 -0.28
2J(C-5, H-B) -0.5 -089 -0.67 -080 -0.78
2J{C-5, H-C) -0.83 -161 -042 -1.29 -0.25 -3.68 ~3.68 ~3.63
2J{C-5, CH,)® —2.69 -2.83 ~2.82
3J(C-5, CH,)® 5.39 5.69 5.56 5.61 5.49 4.25 5.34 4.25 5.21 4.24 5.32
No. of assigned

transitions 18 16 16 16 28 32 40 24 48 137 88 144 64 135 63
RMS error 0.054 0.064 0074 0.070 0.086 0.036 0.078 0.050 0.062 0.052 0.063 0.054 0.075 0.051 0.065

* Averaged spectral parameters due to rapid exchange of chiorine.
® Coupling to 5-CHa.
°Coupling to 4-CHs.

Table 3. *C chemical shifts (ppm from TMS) and *C-"H coupling constants (Hz) of the C-4 carbon in 1,3,2-dioxarsolanes

7 8 9° 10 1"

Parameter [ syn anti syn anti cis trans cis trans cis trans
8ca 77.3 75.8 75.2 76.4 75.2 78.8 82.8 77.3 81.6 77.2 82.1
1J(C-4, H-C) 147.26 147.74 148.60 148.99 148.20 145.78 147.06
2J(C-4, H-A) -2.93 —2.22 -3.25 —1.67 0.22 —3.68 0.19 —-3.73 0.20 -3.65
2J(C-4, H-B) -0.71 -0.48 —0.69 -0.23
2J(C-4, CH,)° -4.38 —-4.41 —4.07 -4.14 -4.26 —2.69 -4.27 -2.21 ~4.26 -2.34
3J(C-4, CH,y) 4.25 5.34 4.25 5.31 4.24 5.24
No. of assigned

transitions 32 29 26 24 137 88 144 74 135 64
RMS error 0.039 0.065 0.038 0.061 0.052 0.063 0.054 0.084 0.051 0.074

2The spectrum is not analysed owing to poorly resolved lines.
b Averaged parameters due to rapid exchange of chiorine.

¢ Coupling to 4-CH,.

4 Coupling to 5-CH,.

Table 4. *C chemical shifts (ppm from TMS) and “C-"H coupling constants (Hz) of the 4- and 5-methyl carbons in
1,3,2-dioxarsolanes

7 8 9° 10 "
Parameter 6° syn anti syn anti cis trans cis trans cis trans
8acn, 187 17.9 19.5 18.6 19.0 16.2 185 16.7 18.2 16.4 18.2
85 g 16.2 185 16.7 18.7 16.4 18.8
1J(CH,, CH5)® 127.37 126.84 126.58 127.02 126.81 127.24 127.36 126.51 126.67 126.87 127.01
1J{CH,, CH,)° 127.36 126.51 126.63 126.87 127.02
2J(CHg4, H-A)° -0.12 —~0.65 -0.15 -0.23 -0.26 -0.17
2J(CH,, H-C)® -0.28 —0.08 —0.01 -0.01 —0.01 —0.65 -0.26 -0.19
3J(CH, H-A)® 4.01 3.98 2.58 3.83 275 214 3.95 2.18 3.68 1.94 3.81
3J(CH,, H-B)P 1.96 0.74 4.15 0.00 3.89
3J(CH,, H-C)® 3.95 3.93 3.67
4J(CH,, CHy)? -0.25 -0.14 -0.14
No. of assigned
transitions® 46 48 48 48 48 52 99 96 97 98 127
115 126
RMS error® 0.1066 0.066 0.019 0.058 0.031 0.084 0.064 0.109 0.058 0.094 0.054
0.046 0.044

@ Averaged parameters due to rapid exchange of chiorine.

® Coupling from 4-CH,.

¢ Coupling from 5-CH,.

9 Coupling between 4-CH, and 5-CH,. The other four-bond coupling constants are negligible.
¢ Upper line, data for 4-CH; lower line, data for 5-CH,.
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Figure 1. Experimental (upper) and simulated (lower) 90 MHz 'H NMR spectrum of the H-B and H-C region in 7. The
simulated spectrum was calculated for a syn/anti distribution of 1:1.6.
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NMR parameters and ring geometry

The methyl proton signals of compounds 6-8 consist
of two doublets with intensity ratio ca 1:1.6."* The
low- and high-field resonances have been assigned to
the syn and anti forms, respectively. The predomi-
nance of the anti isomer in the 4-methylarsolanes'>®°
and -phospholanes,®**'¢ in contrast to the situation in
2,4-dialkyl-1,3-dioxolanes,>>'°  probably  reflects
changes in the 1,3-steric interactions as a result of
replacing C-2 by a trivalent Group V element.

The trans form of compounds 9-11 is unique,
whereas the cis isomer may exist as anti and syn
forms. However, the 'H and "C spectra of the cis
isomer clearly show that only one form, believed to be
the anti form for steric reasons, is present to a
measurable extent. A unique assignment of the cis and
trans 'H and ">C resonance signals is readily made on
the basis of the spin systems. The cis/trans ratio, which
varies with the relative amount of meso- and d,l-
butane-2,3-diol used in the preparation, is readily
obtained from integration of the methyl or methine
proton signals.
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'H chemical shifts

The ring proton region at lowest field in 1-5 has been
assigned to the protons situated syn to the pseudoaxial
substituent at arsenic. Downfield shifts of protons syn
(or cis) rather than anti (or trans) to a pseudoaxial
substituent at phosphorus and sulphur have also been
postulated for the analogous phospholanes’” and
ethylene sulphite.’”'® Further support for the ‘syn
rule’ follows from the very reasonable assignment of
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Figure 2. Experimental (upper) and simulated (lower) 22.63 MHz proton-coupled *C NMR spectrum of the
methine carbons in 10. The simulated spectrum was calculated for a trans/cis distribution of 1:2.6.

the proton signals in the geometrical isomers of the
methyl-substituted arsolanes.’®* It is thus seen that
methyl, methylene and methine protons which have
the same relative orientation with respect to the As—
R group (syn or anti) are shifted in the same relative
direction, in the absence of other dominant effects
(Scheme 1). For example, in the 2-R-4-methyl-1,3,2-
dioxarsolanes shown in Scheme 3, (R=Cl, OCH,,
OPh and Ph),"*® and in the related 1,3,2-dithi-
arsolanes,’® the methyl signals of the syn isomers
(CH; syn to As—R) appear at lower field than the
methyl signals of the anti isomers (CH; anti to As—
R).

However, the relative shifts of the methylene pro-
tons in the syn isomers (Scheme 3, S; and S,) are not
in accordance with the syn rule in that the H-A signal
appears upfield from the H-B signal. This chemical
shift reversal is doubtless caused by the 4-methyl
group. In this context, it should be remembered that
an equatorial methyl group has been found to produce
a considerable upfield shift of the vicinal axial proton
in methyl-substituted 1,3,2-dioxarsenanes'® and 1,3-

dioxanes.”® By analogy, the pseudoaxial H-A proton
in the predominating S, conformer (see below) should
experience an appreciable upfield shift produced by
the pseudoequatorial methyl group. On the basis of
the observed moderate shift effects of axial methyl
groups on vicinal methylene protons in 1,3-dioxanes,*®
the pseudoaxial methyl group in S, is expected to shift
the H-A and H-B resonances only slightly in the
upfield and downfield directions, respectively. The net
result for the 4-methyl substituent is a reversal of the
chemical shifts of the methylene protons in the syn
molecules compared with the unsubstituted arsolanes.

In the anti conformers (Scheme 3, A, and A,) the
paramagnetic effect of the As—R group and the vici-
nal methyl interaction probably pull in the same direc-
tion. In accordance with this assumption, the H-B
signal appears downfield from the H-A signal in all
trans compounds.

Further evidence for the syn rule is found in 2-R-
trans-4,5-dimethyl-1,3,2-dioxarsolanes (Scheme 4,
R =O0CH;, OPh and Ph),"*® in that the proton reso-
nances of the methyl and methine protons situated syn

ORGANIC MAGNETIC RESONANCE, VOL. 21, NO. 7, 1983 421
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to the As—R group appear downfield from their anti-
oriented counterparts. In these systems both methine
protons are expected to experience similar substituent
effects from the vicinal methyl groups.

13C chemical shifts

By comparing compounds differing only in the sub-
stituent at arsenic, it is seen that chlorine produces
larger downfield shifts on the ring carbons (ca 1-
2 ppm) than the other substituents, which have very
similar effects. In the analogous 1,3,2-dioxaphos-
pholanes,®!! the relative effect of the 2-substituent on
the ring carbon shieldings is also small.

Syn—anti geometries can also be readily assigned to
the 2-R-4-methyl-1,3,2-dioxarsolanes on the basis of
the 13C chemical shifts. For the 4-methyl series, the
C-4 shift of the syn isomer is downfield by 0.6-
1.2 ppm of that for the anti form, in agreement with
that found for the related dithiarsolanes®' and dioxa-
phospholanes.® This downfield shift is presumably a
result of the syn 1,3-interaction of the 2-R and 4-
methyl substituents.

In the trans isomers of 10 and 11, it is also seen that
the C-4 resonance is shifted 1.0-1.5 ppm downfield
relative to the C-5 signal. This observation is also
consistent with the downfield a-effect produced by a
syn-substituted methyl group.

The chemical shift effect of methyl substitution on
the ring carbons can be evaluated by comparing the
13C chemical shifts of the methyl derivatives with
those of the corresponding parent compounds. On the
introduction of a 4-methyl group into the five-
membered ring, C-4 and C-5 experience a- and -
deshielding effects of 7.4-8.6 and 5.3-6.0 ppm, re-
spectively. Similar a- and B-deshielding effects of a

422 ORGANIC MAGNETIC RESONANCE, VOL. 21, NO. 7, 1983

4-methyl group have been reported for 1,3-dioxolanes
(7.6 and 6.3 ppm, respectively).'’

The downfield shifts of the ring carbons in 9-11
(9.5-14.4 ppm) are similar to those reported for the
analogous  4,5-dimethyl-1,3-dioxolanes.’®  These
downfield shifts are significantly smaller than predicted
on the basis of simple addition of the «- and B-effects
evaluated from the mono-4-methyl-substituted deriva-
tives. This discrepancy has been ascribed to the in-
teraction between the vicinal methyl groups. In cyc-
lohexanes®? and 1,3-dioxolanes'® this vicinal effect is
reported to produce upfield shifts of approximately
3-4 ppm, of similar magnitude and direction as ob-
served in the present compounds.

The *C methyl signals in the cis isomers of 9-11
appear about 2 ppm upfield of the methyl resonances
of the other stereoisomers of 7-11. This upfield shift
can be largely ascribed to the sterically induced vy-
effect.'>*> The methyl substituent at C-4 or C-5 is
gauche related to the vicinal methyl carbon, which
should suffer an upfield y-gauche shift effect for the
cis isomer, as observed (there are two y-gauche in-
teractions in the cis isomer compared with only one
for the trans form).

'H-'H coupling constants

The observed values of Z2J(H-A ,H-B) in the
C—CH,—O moiety cover the range —8.7 to —9.2 Hz.
These values are very close to those reported for a
series of analogous arsolanes,'>'* phospholanes'>’
and ethylene sulphites.'®

It is seen that 2J(HH) in the five-membered arse-
nites is about 2 Hz more positive than in the six-
membered 1,3,2-dioxarsenanes. This observation is
general when comparing geminal coupling constants in
five- and six-membered ring analogues. This effect has
been ascribed to the increased possibilities of transfer
of lone pairs of electrons into the antisymmetric CH,
molecular orbitals of five-membered heterocycles.?**
It has been argued®"° that this arises because the
five-membered rings exist in conformations such that
the lone electron pairs of the a-heteroatom more or
less eclipse the adjacent CH bonds, in contrast to the
situation in the chair conformation of six-membered
rings. This conclusion is supported by molecular mod-
els of the arsolane ring.

The two cis coupling constants, >J(H-A, H-A") and
3J(H-B, H-B') are practically identical in the studied
dioxarsolanes (1-5), in accordance with the situation
in dithiarsolanes,'*  diazarsolanes,’* dioxaphos-
pholanes'”** and ethylene sulphite.*”18°

The trans coupling constant is larger than the cor-
responding cis coupling constant in 1-5. The same
observation has been made for the dithiarsolanes,3¢
dithiaphospholanes®*?” and dithiolanes.?® The reverse,
however, is true for the dioxaphospholanes,®'”-?°
diazaphospholanes,® dioxolanes?>® and ethylene sul-
phite.”"'8 The large variation in the cis and trans
coupling constants of comparable systems reflects
changes in the average X—C—C—X torsional angle
of these five-membered rings (X=0, N or S). The
large trans coupling constant in the sulphur-containing
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rings indicates, in particular, a higher degree of ring
puckering with respect to their oxygen or nitrogen
counterparts. Thus, R-value calculations®® based on
the present and previously reported CH,—~CH, coupl-
ing constants for dithiarsolanes,'* dithiaphos-
pholanes,?®?’ dithiolanes,?® dioxarsolanes,™ diox-
aphospholanes,'”?®  dioxolanes,>*® diazarsolanes!>
and diazaphospholanes® give torsional angles of 55,
48, 49, 46, 42, 43, 46 and 41°, respectively. These
figures are average values over a series of investigated
compounds. It is likely that a part of the variation in
the torsional angle is apparent rather than real, i.e. it
is due to uncertainties in the observed coupling con-
stants and the R-value method. Further, it has been
pointed out that the R-value method consistently
overestimates torsional angles in five-membered
rings.” The general trend, however, is that the arsolane
rings are more puckered than their phosphorus coun-
terparts which, on the other hand, have similar puc-
kering to the corresponding dioxolanes and
dithiolanes. Moreover, replacement of oxygen by nit-
rogen in these heterocyclic rings seems to have only a
small effect on the ring puckering, in contrast to
sulphur, which produces a significant increase in the
ring puckering.

The magnitudes of the vicinal *J(HH) coupling con-
stants of the 4-methyl-1,3,2-dioxarsolanes and -1,3,2-
dithiarsolanes'*®° support the assumption made ear-
lier in the text that these heterocyclic rings exist in
rapidly interconverting half-chair conformations such
as S, S, and Ay, A, for the syn and anti isomers,
respectively (Scheme 3). Thus, the large value of *J(H-
A,H-C) (ca 10Hz) in the syn forms of 7 and 8
suggests a strong predominance of S,-like conformers
where the coupled H-A and H-C protons have a trans
relationship. Further support for this assumption is
found in the similar values of *J(H-A, H-C) and 3J(H-
4a, H-5a) observed in the syn (cis) isomers of 4- or 5-
methyl-substituted arsolanes'*®® and arsenanes.’® A
significant contribution of S,-like conformers would
result in a smaller value of *J(H-A, H-C), contrary to
that found experimentally. Since the H-B proton is
trans to the oxygen heteroatom in the S, conformer, a
smaller value of *J(H-B, H-C) was expected (maximal
inductive effect)®>? in the dioxarsolanes relative to the
dithiarsolanes.>** The reverse observation indicates
that the cis coupling constant is dominated by confor-
mational rather than stereospecific inductive effects.

The vicinal proton coupling constants in the
4-methyl-1,3,2-dithiarsolanes,>*¢  -1,3,2-dioxaphos-
pholanes® and -1,3,2-dithiaphospholanes®® and prop-
ylene sulphite’®® are also consistent with a strong
predominance of S,-like conformations for the syn
isomers. The syn isomers thus appear to be conforma-
tionally biased towards the form with 4-methyl
pseudoequatorial. In contrast, the more similar values
of the cis and trans coupling constants in the anti
isomers indicate significant contributions from A~ and
A,-like conformers, as expected on steric grounds.

It is interesting that the vicinal *J(HH) value in the
trans molecules of 9-11 is considerably larger than the
corresponding coupling in the cis molecules.’**® The
trans isomers, therefore, appear to be strongly biased
towards the T,-form where the coupled H-A and H-C

protons have a trans relationship (Scheme 4). In con-
trast, since the coupled protons are gauche in the C,
and C, cis isomers, a small vicinal coupling is observed
(Scheme 4).

3C-'H coupling constants

The present data clearly demonstrate that the '*C-'H
coupling constants are very sensitive to stereochemical
effects. It is thus seen that the two one-bond coupling
constants of the methylene group in 2-8, *J(C-5, H-A)
and 'J(C-5,H-B), are distinctly different, with the
largest value for the latter coupling except in 5. The
difference is particularly large for the compounds
which are conformationally biased, that is, the syn
isomers of 7 and 8. Similar stereochemical depen-
dences have also been observed in related five- and
six-membered rings.?***** The variation in *J(CH) is
largely ascribed to hybridization changes in the C—H
bond and a stereospecific substituent effect of the
adjacent heteroatom.'>**

Typical values of the two-bond *C-'"H coupling
constants in aliphatic systems containing electronega-
tive substituents range from —5 to +2 Hz.*>3%3% The
measured geminal *C-'H coupling constants in the
present compounds (—4.3 to +0.2 Hz) fall well within
this range. It is seen that, whereas the two geminal
3C-'H coupling constants involving the methylene
protons, *J(C-4,H-A) and *J(C-4, H-B), are nearly
identical for the unsubstituted compounds 1-5, a large
variation is observed for the 4-methyl derivatives. It is
noteworthy that the more positive one- and two-bond
coupling constants in 6-8 always involve the C-5—H-B
bond. This may reflect a higher degree of s-character
of the C-5—H-B bond compared with the C-5—H-A
bond, since increasing s-character of the hybrid orbi-
tals has been reported to increase *J(CH) as well as
2J(CH) 12,35

In addition, >J(C-5, H-C) is significantly more posi-
tive in the anti isomers than in the syn isomers of 7
and 8 and the corresponding dithiarsolanes. This posi-
tive contribution is believed to be produced by a
maximal inductive contribution of one of the oxygen
atoms in the A, conformer (O-1 is roughly in the
plane of the C-5-C-4-H-C coupling path, Scheme
3).>7 Ayris®® correlated 2J(CHs, H) in five- and six-
membered rings with the corresponding 2J(HH) coupl-
ing constant to give the relationship

2J(CH;, H) =0.55*J(HH) + 4.93 (1)

The geminal "H-"H coupling constants in the present
compounds are practically constant, with an average
value of —8.96 Hz. By using this value, Eqn (1) pre-
dicts that 2J(CH,3, H) is close to zero, as observed.

It is interesting that the difference between the two
3J(CHs, H) vicinal coupling constants in 7 and 8 is
much larger in the syn than in the anti isomers. This
observation can be rationalized on the basis of a
Karplus-like dihedral angle dependence'?*® and a
stereospecific inductive effect of the oxygen
heteroatoms.'>374? Specifically, the small value of
3J(CH;, H-B) in the syn isomers is doubtless the result
of a maximal inductive effect of the O-3 heteroatom,
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which is situated roughly in the plane of the C-4-C-5-
H-B coupling path of the S, conformer (Scheme 3). In
the anti isomers, however, the oxygen atoms affect the
two >J(CHs, H) coupling constants to a more similar
extent, since both pseudo-conformers contribute. The
large value of *J(CHj, H-B) is therefore attributed to
a significant contribution from A, where the methyl
carbon and H-B have the favourable trans relationship
(Scheme 3).

Similarly, the large values of the *J(CHs, H) coupl-
ing constants in the trans isomers of 9-11 indicate a
predominance of the T, conformer, in which the ox-
ygen atoms are situated well off the ">*C-C-"H coupl-
ing paths and hardly affect the coupling constants
(Scheme 4). In the cis isomers, however, the average
3J(CH,, H-A) coupling constant is considerably re-
duced by the inductive effect, since one of the oxygen
atoms has a more favourable orientation with respect
to the coupling path (Scheme 4).

EXPERIMENTAL

The syntheses of the 2-chloro-1,3,2-dioxarsolanes (1,
6 and 9) have been described in previous papers.'?
The 2-methoxy, 2-phenoxy, 2-methylthio and 2-
phenylthio compounds were prepared from the ap-
propriate chloro compounds and methanol, phenol,
methyl mercaptan and thiophenol, in diethyl ether
using triethylamine as base.

The NMR samples of the freshly distilled com-
pounds were recorded in 30% v/v benzene-dg solu-
tions. The solutions were transferred to 5 and 10 mm
o.d. NMR tubes, degassed by freeze—-pump-thaw cy-
cles, filled with nitrogen and sealed.

The 90 MHz 'H and 22.63 MHz *C NMR spectra
were obtained at ambient probe temperature (ca
30°C) on a Bruker CXP 100 spectrometer. The
100.62 MHz *3C spectra of 6, 7 and 8 were run on a
Bruker WM-400 spectrometer. Gated decoupling with
a duty cycle of 6's was used to give a fully coupled *C
spectrum while retaining the nuclear Overhauser en-
hancement factor.

The spectral windows of the >C spectra were care-
fully chosen to ensure that folding did not obscure the
spectral region of interest, while at the same time
giving a digital resolution of 0.15 Hz or better for the
22.63 MHz spectra. Gaussian multiplication or expo-
nential weighting were applied to the 16K free induc-
tion decays.

The "H and *C chemical shifts were measured with
respect to internal TMS and benzene-ds, respectively,
by use of extended spectral windows.

The 'H and >C spectra were analysed by means of
the LACX,** LAOCN3,*? UEAITR*? and KOMBIP*
computer programs. The computations were per-
formed on a Univac 1100/32 computer and the
graphical output was obtained using a Calcomp 1051
plotter.
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