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Do Spiroarsoranes Exhibit Polytopal Equilibrium in Solution?
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The spiroarsoranes 5-phenyl-1,6-dioxa-4,9-diaza-54°-arsaspiro[4.4]nonane (6), (3R,8R)-3,8-dimethyl-5-phenyl-1,
6-dioxa-4,9-diaza-51°-arsaspiro[4.4]nonane (7), (25,7S)-2,7-dimethyl-5-phenyl-1,6-dioxa-4,9-diaza-54°-arsaspiro[4.4]nonane
(8), and (35,88)-3,8-dimethyl-(2R,7R)-2,5,7-triphenyl-1,6-dioxa-4,9-diaza-51>-arsaspiro[4.4]nonane (9) were prepared by
reaction of phenylarsonic acid and the correspondig amino alcohol. The presence of polytopal A = A equilibrium in 6—9 was
demonstrated by HPLC and NMR studies. NBO computations at the MP2/6-31+G(2d,2p) level indicate that methyl substitution
in C2 or C3 of the oxazarsolane ring determines the predomlnance of A or A sterecisomers. GIAO B3LYP/
6-311-+-+G(2d,2p) computations were used to assign experimental "H and *C NMR spectra.

Introduction

Polytopal equilibrium is the principal structural behavior
that any atom in a pentacoordinated state could exhibit." The
pentacoordinated state in phosphorus has been studied more
thoroughly than for any other elements.> Most of the experi-
mental and theoretical studies support the stercochemical
nonrigidity of non transition elements; furthermore, fluxional
equilibrium in phosphoranes is considered as the principal
model for understanding their pentacoordination phenomena.
In general, fluxional rates of phosphoranes coincide with the
NMR time scale and their exchange processes are easily
studied by variable-temperature experiments.’ However, due
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to the great avidity of phosphorus for oxygen, fluxional studies
of phosphoranes have been made only in solvents lacking
oxygen atoms. Despite the biological relevance of phosphoranes
and the consequences of polytopal equilibrium in the stereo-
chemistry of tri- and tetracoordinated phosphorous com-
pounds* and, consequently, in their biological activity, it is
not possible to make dynamic studies of phosphoranes in water.
Arsoranes, on the other hand, are thermodynamically stable
compounds in the presence of water and it is not likely that they
undergo intermolecular exchange. Accordingly, it would be
interesting to study arsorane chemistry in water. Additionally,
arsenic and phosphorus have structural and chemical simila-
rities;” arsoranes have the ability to mimic phosphorane and
interfere in different metabolic processes and, in general, arsenic
compounds are toxic.® Surprisingly, very little is known about
arsoranes. It is known that arsenic centers carry out faster Berry
pseudorotation than does phosphorus.” However, an additional
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Scheme 1. Synthesis of Spiroarsoranes 6—9 from Phenylarsonic Acid
1 and 2 Equiv of the Corresponding Amino Alcohols 2—5'"!
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tool in learning the dynamic behavior of phosphoranes that is
not available for arsoranes is *'P NMR (or '°F NMR when it is
connected by one to three bonds to P), where more than one
isomer can be readily identified.® Thus, it has not yet been
determined if arsoranes show polytopal equilibrium in aqueous
media. Pentacoordinate compounds prefer to adopt a trigonal-
blpyrdrmdal (TBP) geometry.” The presence of ring systems
imposes constraints that limit their stereochemical possibilities.
Thus, five-membered bicyclic compounds assume conforma-
tions where ring substituents span axial—equatorial positions
and the spiro compounds formed can be optically active.'” In
view of this lack of knowledge about the fluxional behavior of
arsoranes in aqueous media, we set out to determine the
presence of polytopal equilibriums in spiroarsoranes using a
set of alcohol amines as bidentate ligands (Scheme 1).

We chose compounds 6—9 because alcohol amines are
effective ligands for the slow isomerization of spiroarsoranes.
Moreover, we used chiral ethanol amines because they would
produce diastereoisomeric spiroarsoranes after exchange
processes and, in theory, these molecules must have different
physical and chemical properties. In this context, we used
NMR spectroscopy and HPLC as tools to study the dynamic
behavior of spiroarsoranes 6—9. Additionally, the crystal
structure of 9A gave us experimental data to assess quantum
chemical procedures used in the study of ground states of
6—9. The presence of stereoisomers in spiroarsoranes was
corroborated by theoretical NMR studies.

Experimental Section

All reactions were carried out with magnetic stirring under
a nitrogen atmosphere in oven-dried glassware. Alcohol
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amines were purchased from commercial suppliers and used
without further purification. Phenylarsonic acid was synthe-
sized according to ref 12. Toluene was dried and distilled prior
to use. '"H and '*C NMR spectra were recorded on a JEOL
GXS-400 MHz spectrometer. Chemical shifts (6, ppm) are
relative to tetramethylsilane (TMS), with the resonances of
deuterated and partially deuterated solvents used as internal
standards: C¢HDs (6 7.16 for proton NMR) and CgDg
(0 128.0 for carbon NMR) or CH;OH (6 3.31 for proton
NMR and 6 49.1 for carbon NMR) as internal reference
when D>O was used. Mass spectra were measured ona JEOL
MStation JMS-700 instrument with FAB ionization. High-
performance liquid chromatography (HPLC) was performed
on an Agilent 1100 Series HPLC system equipped with a
Refractive Index detector using an Ultron ES-OVM (chiral)
column or an Eclipse XDB-C8 (nonchiral) column. Melting
points were measured on a Mel-Temp II apparatus and are
uncorrected. The IR spectra were recorded on a Perkin-Elmer
System 200 FT-IR spectrophotometer. Elemental analyses
were determined on a Perkin-Elmer Series I CHNS/O ana-
lyser 2400 instrument. X-ray diffraction was performed on a
Bruker APEX CCD diffractometer.

Computational Details

All calculations were carried out using Gaussian 98'% and
Q-Chem 3.0.'* The optimization method was calibrated using
experimental data for compound 9 with methyl and phenyl
substituents in endo positions (see the Supporting Infor-
mation). The B3LYP/6-311++G(2d,2p) level was used to
optimize structures 6—9. Reported energy values are ZPE
corrected. Harmonic vibrational frequencies were calculated
for each optimized structure; in all cases no imaginary fre-
quency was found. NBO analyses were performed at the
MP2/6-31+G(2d.2p) level by the NBO 3.1 program included
in GAUSSIAN package programs.'> NMR chemical shift
calculations were obtained with the GIAO method at the
B3LYP/6-3114++G(2d,2p) level.

Results and Discussion

NMR and HPLC Studies. NMR spectra show that the
geometry of arsoranes 6—9 in solution is in agreement
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Table 1. "H NMR (ppm) of Spiroarsoranes 6—8 in D,0

H-C2 H-C3 CH; aryl Horno
6 3.75 3.05 7.69
7 3.51 and 3.71 3.36 1.20 7.74
8 3.97 2.79 and 2.98 1.18 7.74
Table 2. '*C NMR (ppm) of Spiroarsoranes 6—8 in D,0
Cc2 C3 CH? Cipso Cortho Cmeta Cpara
6 58.2 41.5 137.4 131.8 129.2 130.0

7 63.5 49.2 14.9 138.2 130.2 129.2 131.7
8 64.6 45.9 19.8 138.2 130.0 129.1 131.6

Scheme 2. Polytopal Equilibrium A = A for 6

a

In 6A, hydrogen atoms in green are in exo positions, and in 6A, the
same hydrogen atoms are in endo positions.

with the VSEPR model of Gillespie (Tables 1 and 2).°
Compounds 6—9 are dissymmetric (C,) spiroarsoranes
with trigonal-bipyramidal geometries where oxygen
atoms are in apical positions and the presence of A and
A stereoisomers is feasible (Scheme 2).'° In A and A
stereoisomers, the hydrogen atoms of each methylene
group have a diastereotopic relation with endo and exo
orientations; therefore, they must have different chemical
environments. Nevertheless, the 'H NMR spectrum of 6
in aqueous solution shows that endo and exo methylene
hydrogen atoms have the same chemical shifts (Table 1).

Since the synthesis of spiroarsorane 6 was not stereo-
selective, the presence of a racemic mixture (6A and 6A) is
feasible. However, HPLC studies show that in aqueous
solution 6 is not a simple mixture of two enantiomers.
When compound 6 is eluted through a nonchiral column,
only one signal is detected (Figure 1). In contrast, the use
of a chiral column evidences the presence of several
stereoisomers of 6. It is not possible to isolate each
stereoisomer eluted from the chiral column, because when
they leave the column, they immediately racemize. The
NMR and HPLC behavior indicates that 6 presents a
dynamic equilibrium when it is in aqueous solution.

It is well known that phosphorus inversion in phosphor-
anes occurs via a polytopal mechanism that Eroduoes a
series of intermediate structures of higher energy.*'” Hence,
we propose that the inversion of arsenic in spiroarsorane
6 takes place by a similar mechanism. Epimerization is
effected through Berry’s pseudorotation and, in the case of

(16) Spiroarsoranes 6—9 are dissymmetric molecules (C,), and therefore we

use the C; axis as the reference for the A and A asignation. See:Liehr, A. D.
. 1964, 68, 3629-3733.

(17) (a) Strich, A.; Veillard, A. . 1973, 95, 5574-5581. (b)
Muetterties, E. L. . 1969, 91, 4115-4122. (¢) Ugi, I;
Marquarding, D.; Klusacek, H.; Gillespie, P.; Ramirez, F. piniiion.
1971, 4, 288-296.

Tapia-Benavides et al.

Chiral Column

Nonchiral Column

Figure 1. HPLC chromatograms of spiroarsorane 6: (black line) elution
profile using an Eclipse XDB-C8 (nonchiral) column; (red line) elution
profile using an Ultron ES-OVM (chiral) column.

spiroarsorane 6, the polytopal equilibrium A = A could
have up to eight intermediates with trigonal-bipyramidal
geometries (Scheme 3).'® In Scheme 3, A and A stereoiso-
mers with C, symmetry are structures of lower energy
and, therefore, they are the predominant chemical species
in A = A equilibrium. According to Bent’s rule, more
electronegative substituents prefer to occupy the apical site
in molecules with TBP geometries. However, during the past
decade, different research groups have obtained numerous
examples of phosphoranes and arsoranes with reversed
apicophilicity.'® Thus, the presence of TBP intermediates
with phenyl and/or N atoms in apical positions is very likely
to occur in the inversion of arsenic by pseudorotation.
Additional support for Scheme 3 was introduced by Betz
and Klufers who utilized diol derivatives of phenylarsomc
acid.® When meso-2,3-butanediol was used, three spiroar-
soranes were produced, two of them having C, symmetry
and methyl substituents in endo/endo and exo/exo positions
relative to the phenyl group. The third spiroarsorane has
C, symmetry and methyl substituents in endo/exo positions.
In our case, A and A stereoisomers of compounds 7—9 have
substituents in endo/endo or exo/exo positions. However,
for these compounds any steroisomer with exo/endo sub-
stituents gives a structure of higher energy due to N(apical)—
O(apical) disposition.

Although A and A for spiroarsoranes 7 and 8 must be
diastereoisomers, their NMR spectra in D,O show only
one set of signals (unfortunately, compound 9 is not

(18) DeBruin, K. E.; Naumann, K.; Zon, G.; Mislow, K. gt
Soc. 1969, 91, 7031-7040.
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Vittal, J. J.; Kumara-Swamy, K. C. janfusisls. 2004, 69, 1880-1889. (d)
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Figure 2. HPLC chromatograms of spiroarsorane 7: (black) using an
Eclipse XDB-C8 nonchiral column; (red) using an Ultron ES-OVM chiral
column.

soluble in water and it was not Possible to obtain its
NMR spectrum in D>O solution).?! Furthermore, HPLC
studies using a chiral column reveal, once more, the
presence of several stereoisomers of 7 and 8 (Figures 2
and 3). When a nonchiral column was used, only one
signal was detected in both cases. Thus, if the A = A
polytopal equilibrium exists, it must be very fast. If
interconversion between A and A is faster than the
NMR time scale, only one set of signals will appear in
the spectra.’”> Thus, the observed chemical shifts and
coupling constants in NMR spectra will be an average

(21) Spiroarsoranes 6—8 are compounds that are soluble and stable in
aqueous media. When the solvent was eliminated from the NMR tubes or
samples studied by HPLC, it was possible to recover compounds 6—8.

(22) Oki, M. Aplications of Dynamic NMR Spectroscopy to Organic
Chemistry; VCH: Deerfield Beach, FL, 1985; Methods in Stereochemical
Analysis, Vol. 4, p 2.

Chiral Column

Nonchiral Column

Figure 3. HPLC chromatograms of spiroarsorane 8: (black) using an
Eclipse XDB-C8 nonchiral column; (red) using an Ultron ES-OVM chiral
column.

of the A and A stereoisomers present and it is not possible
to correctly assign hydrogen nuclei in endo and exo
positions. On the other hand, the retention time of A
and A in a nonchiral HPLC column is small, these
stereoisomers are preferentially in the mobile phase, and
the polytopal equilibrium A = A predominates over the
retention equilibrium; therefore, in nonchiral HPLC only
one signal is observed.

It is known that a polytopal equilibrium has a depen-
dence on the temperature and the nature of the solvent.?
Thus, changes in solvent polarity will significantly modify
polytopal equilibrium rates. Hence, although spiroarsor-
anes are not very soluble in solvents of reduced polarity

(23) Mutterties, E. L. ik 1974, 30, 1595-1604.
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Figure 4. Methylsignalsin "H NMR spectra (D-O and C¢Dg) for arsoranes 7 (A), 8 (B), and 9 (C). Methyl groups in endo positions are drawn in blue, and

methyl groups in exo positions are drawn in red.

(and compound 6 is totally insoluble), "H NMR spectra
of 7—9 were acquired in C¢Dg. In all three cases, two sets
of signals, attributed to A and A diastereoisomers, were
observed in NMR spectra (Figure 4). As in the case of 6, A
and A stereoisomers of 7—9 have C, symmetry and the
methyl groups are oriented toward exo and endo posi-
tions of the heterocyclic system. When CHj; groups
occupy exo positions in stereoisomers A and A, they
are in the same side than the arsorane phenyl group.
However, in endo positions, steric effects and the para-
magnetic influence of the arsorane phenyl group on the
CH; are minimized. Moreover, it is known that in five-
membered heterocycles (such as 1,3,2-oxazaphospholanes)
stereoelectronic phenomena determine annular confor-
mation.”* Thus, it is conceivable that in oxazarsolane rings
in A = A equilibrium anomeric effects decide the predo-
minance of A or A stereoisomers. It is not possible for us to
assign with total certainty the experimental '"H NMR
spectra of 7—9. However, in compound 8, having a methyl
group next to oxygen, the anomeric effect is likely to play a
more decisive role in the annular conformation than in the
case of spiroarsoranes 7 and 9. Therefore, we propose that
for compounds 7 and 9 the prevalent species in equilibrium
are the stereoisomers with methyl groups in endo positions
(7A and 9A in Figure 4), and for compound 8 the A
stereoisomer predominates due to methyl groups located
in exo positions.

As is observed in Figure 4, the rate of the A = A
polytopal equilibrium in Cg¢Dg is slower than that in
water. Perhaps this rate enhancement is due to polar
intermediate structures which are stabilized in water

(24) Setzer, W. N.; Black, B. G.; Hovanes, B. A.; Hubbard, J. L. L Qra,
Chew. 1989, 54, 1709-1713.

through hydrogen bonding and allow a faster A = A
polytopal interconversion.

Crystallographic Studies of 9. Crystallographic analysis
of 9 showed that the unit cell contains only the stereoisomer
with methgll and phenyl substituents in endo positions
(Figure 5).”>2° Bond lengths of O1—As5(1.855(4) A), As5—
N4 (1.848(5) A), As5—N4' (1.806(5) A), and As5—Cips,
(1.927(6) A) are similar to those reported for spiroarsor-
anes.”*?” The length of the O1—As5 bonds is characteristic
of systems with TBP geometry where O atoms are located in
apical positions. Structural distortions of TBP geometry
were calculated by the dihedral angle method and indicated
that As atoms have 57% TBP character.”® Additionally,

(25) 9A was obtained from recrystallization of 9 in benzene/2-propanol.
X-ray diffraction studies were performed on a Bruker-APEX diffractometer
equipped with a CCD area detector (Ayoxe = 0.71073 A, graphite
monochromator). Frames were collected at 7 = 298 K via w/¢ rotation at
10's per frame (SMART).?** The measured intensities were reduced to F* and
corrected for absorption with SABADABS (SAINT-NT).2®® Corrections
were made for Lorentz and polarization effects. Structure solution, refine-
ment and data output were carried out with the SHELXTL-NT program
package. 24 Crystallographic data for 9A: monoclinic system, space group
P2j,a=10.4992) A,b = 5.9685(12) A, c = 17.833(4) A, p = 90.79(3)°, V =
1117.3(4) A, Z = 2, 3838/5/272 data/restraints/parameters, R1 (I > 20(l)) =
0.0486, wR2 (all data) = 0.1527, GOF = 1.124.

(26) (a) SMART, Bruker Molecular Analysis Research Tool, Version
5.618; Bruker Analytical X-Ray Systems, Madison, WI, 2000. (b) SAINT+NT
Version 6.04; Bruker Analytical X-ray Systems, Madison, WI, 2001. (c)
Sheldrick, G. M. SHELXS86, Program for Crystal Structure Solution; Uni-
versity of Gottingen, Gottingen, Germany, 1986. (d) SHELXTL-NT Version
6.10; Bruker Analytical X-ray Systems, Madison, WI, 2000.

(27) (a) Goldwhite, H.; Teller, R. G. il 1978, /00, 5357
5362. (b) Day, R. O.; Holmes, J. M.; Sau, A. C.; Devillers, J. R.; Holmes, R. R.;
Deiters, J. A. jnninniismmiian. 1982, /04, 2127-2132. (c) Holmes, R. R.; Day,
R. O.; Sau, A. C. oty 1985, 4, 714-720. (d) Poutasse, C. A.; Day, R.
O.; Holmes, J. M.; Holmes, R. R. g 1985, 4, 708-713.

(28) Muetterties, E. L.; Guggenberger, L. J. . 1974, 96,
1748-1756.
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Figure 5. ORTEP drawing of 9A showing thermal ellipsoids at the 20%
probability level.

Oki’s method shows that N4 and N4’ have tetrahedral
characters (THC) of 22 and 10%.% Also, the N4—C3
(1.457(8) A) and As5—N4 bond lengths confirm that N
atoms do not have trigonal geometries. Moreover, As—N
bond lengths in 9A are larger than values reported for
compounds with a net As—N double bond and therefore
the retrocoordination As=N is not likely to occur in 9A. 332

Theoretical Studies. Optimized geometrical parameters
(level B3LYP/6-311++G(2d,2p)) of spiroarsorane 9 with
methyl and phenyl substituents in endo positions were
compared with X-ray experimental results and were
found to be similar (R* = 0.9904 for lengths and R* =
0.9955 for angles). Moreover, the theoretical TBP char-
acter for 9A is near (60%) the experimental value (57%).
Optimized geometries showed that the presence and
orientation of methyl substituents determine the TBP
character of spiroarsoranes 7—9. Thus, an endo orienta-
tion of the methyl group on C3 yields spiroarsoranes with
60% TBP character (7A and 9A). However, when the
methyl group on C3 has an exo orientation, the TBP
character is nearly 100% (Figure 6). On the other hand,
ZPE corrected energies of 6—9 indicated that, in the vapor
phase, methyl substitution at C2 or C3 determines the
prevalence of A or A stereoisomers (Table 3). These
results are in agreement with the experimental '"H NMR
spectra of 7—9. It is possible that stereolectronic effects
and steric repulsions are the most important factors that
decide the prevalence of a determined stereoisomer. For
example, H2 atoms in compounds 8A and 8A have
different chemical environments; with H2 endo (8A)
the C2—H2 bond is larger (1.097 A) than with H2 exo
(1.094 A) (8A). NBO analysis shows that the O lone palr
electrons are more efficiently delocalized toward C2—H,pq,
bonds (E(n(0) — 0*(C2—Hengo)) = 11.67 kcal mol™)
in 8A than toward C2—Hg, bonds (E(n(O) — o*-
(C2—Hgy)) = 4.98 kcal mol™') in 8A (Table 4). Thus,
better hyperconjugation of C2—H,,q, bonds produces an
additional stabilization of 8A and it predominates in the

= A equilibrium. On the other hand, methyl substitution

(29) Toyota, A.; Oki, M. | 1992. 65, 1832-1840.
(30) Matano, Y.; Nomura, H.; Suzuki, H.; Shiro, M.; Nakano, H. L 4uz,
. 2001, 723, 10954-10965.
(31) Krannich, L. K.; Thewalt, U.; Cook, W. J.; Jain, S. R.; Sisler, H. H.
. 1973, 12, 2304-2313.

(32) Ahlemann, J. T.; Kiinzel, A.; Roesky, H. W.; Noltemeyer, M.;
Markovskii, L.; Schmidt, H. G. jisicafalg 1996, 35, 6644-6645.

(33) See the Supporting Information for complete NBO analysis, at the
MP2/6-31+G(2d,2p) level, on the hyperconjugation of O—C—H and
N—C—H systems for spiroarsoranes 6—9.
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Figure 6. B3LYP/6-311++G(2d,2p) optimized geometries of com-
pounds 7—9.

on C3 produces an inverse phenomenon: that is, nitrogen
atoms in spiroarsoranes 6—9 are pyramidal and they do not
have any electronic delocalization toward the arsenic atom.
The principal consequence of this fact is that nitrogen
atoms are able to delocalize their lone pairs toward
C3—H bonds. However, for spiroarsoranes 7 hypercongu-
gation is better toward C3—H,,, bonds (E(n(N) — o*-
(C3—Hexo)) 7.62 kcal mol') in 7A than toward
C3—H,nqo bonds (E(n(N) — 0*(C3—Hcnqo)) = 3.40 kcal
mol ™) in 7A. Therefore, it is proposed that 7A predomi-
nates in the A = A equilibrium.

GIAO values and NBO studies of splroarsoranes 7-9
are in accordance with experimental "H NMR spectra
(R* = 0.9858—1.000 for "H NMR). In the ground state,
oxazarsolane rings of spiroarsoranes 6—9 have half-chair
conformations. In compound 8A a n(O) — o*-
(C2—CHjengo) stereoelectronic effect occurs (Table 4).
The endo methyl groups are axial, and a lone pair (in an
anti position) of the vicinal oxygen atom is delocalized
toward the C2—CHj; bond (E(n(O) — 0*(C2—CH3engo))
= 9.77 kcalmol™"). Thus, methyl "H NMR resonances are
shifted toward higher frequencies (Table 5). On the other
hand, exo methyl groups in 8A are equatorial and the
mﬂuence of oxygen is neghglble (E(m(0) — o*
(C2—CHj3ex0)) = 2.31 keal mol 1. Therefore, methyl H
NMR resonances of 8A (6exper1mental 1. 18 6theoretlcal L. 30)
are at higher frequencies than in the case of 8A
(6experimental 1-15: 6theoretical 123) For 7A and 9A the
endo methyl groups are in equatorial positions; however,
the stereoelectronic effect of the lone pairs of nitrogen
atoms toward the C3—CHj; bond is different in both
compounds. Thus, for 7A the effect of the lone pairs of
nitrogen atom is minimal (E(n(IN) — 0*(C3—CHjzengo)) =
2.14 kcal mol™") and for 9A the lone pairs of nitrogen are
delocalized efficiently toward the C3—CHj3 bond (E(n(IN)
— 0*(C3—CHiengo)) = 8.70 kcal mol ™). The opposite
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Table 3. B3LYP/6-311++G(2d,2p) Electronic Energies (Zero Point Corrected) for Spiroarsoranes 6—9

compd EA (hartree) EA (hartree) EA — Ea (hartree) Ea — Ea (kcal mol™)
6 —2885.864 168 —2885.864 168 0.000 00 0.000
7 —2964.464 881 —2964.466 091 —0.00121 —0.759
8 —2964.473243 —2964.469 509 0.00373 2.343
9 —3426.542262 —3426.536740 0.005 52 3.465

Table 4. NBO Analysis, Computed at the MP2/6-31+G(2d,2p) Level, for A and
A Stereoisomers of Spiroarsoranes 6—9°

Table 6. '*C NMR Chemical Shifts for Spiroarsoranes 6—9 Calculated with
B3LYP/6-311++G(2d,2p)”

param 6 TA TA 8A 8A 9A 9A 2 3 CH; ¢ C, C, ¢, RrR®
. 6A and 6A 66.6 45.6 151.1 1423 1334 136.3
Bond Lengths (A) 7A 723 548 246 1567 1427 1345 1374 0.9934
Co-H2.., 1091 1.097 1.091 1094 1.102 A 73.5 523 19.6 148.7 139.6 133.1 1359 0.9993
Co—Ho 1095 1101 1100 1.097 1102 8A 738 52.6 219 1513 1422 1329 1359 0.9992
e 8A 73.1 484 240 150.6 141.8 133.1 136.0
C3—H3,y, 1.096 1.095 1.097 1.096 1.096
C3—H3 1091 1.099 1092 1.091 1.098 9A 80.1 60.5 21.2 1493 1402 1343 1372 0.9927
endo ' ' ’ ’ ' 9A 84.3 60.8 20.2 157.6 140.5 134.5 137.5 0.9940
E (kcal mol™) ;
“TMS at 183.78 ppm. ” Calculated on the basis of experimental data
n(0)— 0¥ cr—Haexo  3.07  2.60 2.04 498 10.16 obtained in C4D¢ without aromatic carbons.
n(0)— 0¥cor_zendo 11.34 11.38 12.24 11.67 10.78
ng))ﬂo:cz—cm 043 6 ﬁféz ?67;1 T the same behavior (R> = 0.9927—0.9993 for '*C NMR)
N(IN)™ 0" c3-H3exo . . . . . . . 13
AN O ca rrs 322 3.40 353 208 323 (Table 6). Stereoelef:tromc phenomena gietermme the °C
n(N)— 0*cs—crs 998 214 870 914 resonance frequencies of methyl groups in spiroarsoranes

Table 5. 'H NMR (ppm) Calculated with B3LYP/6-311++G(2d,2p)* for
Spiroarsoranes 6—9

Hend07C2 Hex07C2 Hend07C3 Hex07C3 CHS Horlho R2/7

6A and 4.13 4.14 2.96 3.01 8.88
6A

TA 4.36 3.87 3.36 091 9.07 0.9972
TA 3.08 3.96 3.13 1.09  8.81 0.9958
8A 4.23 2.99 242 1.23 895 0.9966
8A 435 2.76 3.11 1.30 8.80 0.9971
9A 5.01 3.55 0.75  8.67 1.0000
9A 5.61 3.48 043 9.09 0.9999

“TMS at 31.82 ppm. ® Calculated on the basis of experimental data
obtained in C4Dg without meta and para aromatic hydrogens.

effect is present in spiroarsoranes 7A and 9A. The lone
pairs of nitrogen are delocalized efficiently toward the
C3—CHj; bond: E(n(N) — 0*(C3-CHj3.y)) = 9.98 kceal
mol™” for 7A and 9.14 kcal mol” for 9A). Moreover,
methyl '"H NMR resonances of 7A (Oexperimental 0.74,
6theoretical 109) and 9A (6experimental 0.60, 6theoretical 075)
are at higher frequencies than for 7A (Sexperimental 0.87,
6theoretical 091) and 9A (6experimema1 0459 6theoretical 043)
Thus, stereoelectronic effects of lone pairs of oxygen and
nitrogen atoms determine the prevalence of A or A
stereoisomers and explain their "H NMR spectra.

Due to the insolubility of 6 and low solubility of 8A
spiroarsoranes in C¢Dyg, it was not possible to obtain their
experimental '>*C NMR spectra. However, GIAO calcu-
lations indicate that "H and '*C resonances of 7—9 have

7 and 8. An efficient delocalization of O or N lone pairs
toward the C—CHj; bond causes electronic deprotection
of the methyl carbon, and their resonance frequencies are
shifted toward higher values. This phenomenon is corro-
borated with spiroarsoranes 9: '*C NMR signals of exo
methyl groups in9A (d:xperimemal 188: 6theoretica] 202) are
at lower frequencies than for endo methyl groups in 9A
(6experimental 1979 6theoretical 212)

Conclusions

The use of a chiral column in HPLC shows that spiroar-
soranes 6—8 present fast polytopal equilibria in aqueous
solution. The speed of polytopal equilibria are slower in
C¢Dg solutions, and the presence of A and A stereoisomers
with symmetry C, is demonstrated by experimental NMR.
Theoretical studies confirm the presence of A and A stereo-
isomers in compounds 7—9 and suggest that stereoelectronic
phenomena determine the prevalence of stereochemical spe-
cies in A = A equilibria.
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