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with the ¢ axis is 26.2° in 2 while in 1 it is 27.7°. The S-S contact
distance within the stacks of 2 is somewhat larger than the sum
of the van der Waals radii, in contrast to the significantly shorter
analogous Se-Se contact distance of 3.863 A found in 1. Because
of the modified tilting toward the ¢ axis the analogous graphite
packing (rhombohedral modification)!® in the stacks of 1 is
somewhat more distorted than in 2.

The most significant change relative to 2 occurs within the
ribbons (Figure 3), in which the molecules are connected by way
of the Se—N parallelograms. Although Se possesses a larger van
der Waals radius than S, the Se-N contact distance of 2.898 A
(sum of van der Waals radii: SN = 3.35; Se««N = 3.5 A)5 s
even shorter than the S--N contact distance in 2, 3.104 A. This
decrease is also manifested in the value of the smaller lattice
constant in the b direction of 1 (Table I). Within the Se-N
parallelograms the Se-Se contact distance is 3.857 A and the
N-N contact distances are 2.910 A, which are both less than the
sums of the van der Waals radii (4.0 and 3.0 A, respectively). The
Se--Se contact distances along the ribbons are similar to those
within the stacks. As a result of the difference in orientation with
respect to the ¢ axis, the coplanarity of the molecules in the
ribbon-like arrays is more easily achieved in 1 thanin 2. In 1
the molecular planes within the ribbons exhibit a deviation of onl
0.02 A from each other as compared to the value of 0.16 K
obtained for 2.

The strong secondary valence or extravalent bonds within the
ribbons are also demonstrated by the solution properties of 1 and
2. For example, 1 is substantially less soluble than the already
difficultly soluble 2.2 The fact that relative to 2 shorter inter-

(16) W. N. Reynolds, “Physical Properties of Graphite”, Elsevier, Am-
sterdam, 1968, p 3.

molecular contact distances appear in 1 simultaneously with a
reduction of the 7-bond orders of the chalcogen—nitrogen bonds
suggests a correlation between the chalcogen—nitrogen bond lengths
and the contact distances in compounds containing SN,— and
SeN,— units. At the time of publication of the structure deter-
mination of 2 we had proposed the existence of a correlation
between S—N bond orders and contact distances in compounds
containing the SN,- grouping.?® In Figure 4 the chalcogen—ni-
trogen contact distances (< sum of the van der Waals radii + 0.2
A) from crystal structures of compounds with SN;— or SeN,— units
are plotted against the chalcogen—nitrogen bond distances. In both
cases a linear relationship between contact and bond distances
is found. From the slope of the straight lines it can be deduced
that in compounds with SN;- fragments the dependence of contact
distance on bond distance is stronger than it is in structures having
SeN,— units.
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Abstract: A series of phosphoranes has been prepared from 5-aza-2,8-dioxa-1-phosphabicyclo[3.3.0]octane (4) and 6-aza-
2,10-dioxa-1-phosphabicyclo[4.4.0]decane (9). Two bicyclic derivatives, one from 4, one from 9 (11 and 13), which have two
methoxy groups bonded to phosphorus have favored structures in which the rings span from equatorial to apical positions.
Compounds derived from 4 in which a five-membered ring containing two oxygens (15 and 18) or two sulfurs (19) bonded
to phosphorus undergo intramolecular ligand reorganization at room temperature via a C,, structure in which the five-membered
ring spans two equatorial positions. At reduced temperatures the ligand reorganization is slowed on the NMR time scale.
Condensation of biacetyl with 9 affords a phosphorane, 14, which undergoes rapid ligand reorganization at room temperature.
This process does not involve a five-membered ring which spans two equatorial positions.

A number of caged polycyclic phosphoranes have been syn-
thesized and their structures have been studied by X-ray crys-
tallography and NMR measurements.! The few compounds of
this class that have been investigated by X-ray crystallography
exist as trigonal bipyramids (TBP) or very nearly so in the solid
state. An understanding of the structures of these molecules in
solution has not been realized. A few observations have provided
some limitations on the structural possibilities. For example,
compounds containing a five-membered ring bonded to phoshorus

which is at the bridgehead of a bicyclic ring system containing
six-membered rings (a typical example is 1) have NMR spectra
that are only consistent with rapid intramolecular permutational
isomerizations, “pseudorotations”. These isomerizations have been
found to be rapid over the entire range of temperatures investi-
gated. Various mechanisms for the isomerizations have been
discussed and low-energy structures have been suggested.>® A
number of similar compounds containing one or more five-mem-
bered rings in the bicyclic moiety have also been prepared, for

(1) (a) W. S. Sheldrick, Top. Curr. Chem., 73, 1-49 (1978); (b) R. R.
Holmes, Acc. Chem. Res., 12, 257 (1979).

(2) F. Ramirez and 1. Ugi, Bull. Soc. Chim. Fr., 453 (1974).
(3) R. R. Holmes, J. Am. Chem. Soc.. 96, 4143 (1974).
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example, 2.* These substances show significant barriers toward
intramolecular ligand reorganization. It has not been possible
to define the structure of the low-energy state nor has it been
possible to define the nature of the energy barrier associated with
the ligand reorganization process. It does seem reasonable to
associate the energy barrier with an increase in strain in one or
more of the five-membered rings during the reorganization process.

The compound 3 has been recently prepared and its structure
in the crystalline state has been shown to be essentially TBP, with
the ligands arranged as shown.> At room temperature the 'H
NMR spectrum reveals that the protons of the methylene groups
are equivalent. No definitive statement can be made as to how
this equivalence arises.®

Recently the interesting phosphorus compounds 4 and the
diastereoisomers 5 have been prepared.” Various phosphoranes

/%

0
P— CGH5—'O_P—‘N p——N
| n | R
0 0,

R CH3 7yR=C6H5
4, R=H 6 8, R=C;H,0
5, R=CH,

derived from 5, mixed isomers, were prepared with 6 being an
example. In earlier work in this laboratory, 7 and 8 were syn-
thesized by exchange of the appropriate oxyphosphorane and
diethanolamine.® Although it was reported that 4 was prone to
oligomerization, it has been used in this study because of the
simplicity of the NMR spectra of its derivatives as compared to
similar materials prepared from the mixture of isomers, 5. The
purpose of this study has been to prepare phosphoranes from 4
and to compare their properties with those of other phosphoranes
as well as with those derived from 9, the six-membered-ring
analogue of 4. Compound 9, a new substance, has been prepared
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reorganization via a “turnstile rotation” mechanism can account for the ob-
served equivalence without requiring that the ring adopt a diequatorial dis-
position.
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in much the same manner as 4. Unlike 4, which must be stored
at reduced temperature to inhibit polymerization, compound 9
is indefinitely stable at room temperature.

Results and Discussion
Reaction of 4 and 9 with 2 mol of methyl benzenesulfenate (10)
gave in each case phosphoranes 13 and 11. When 4 and 10 were
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allowed to react in equimolar amounts, the mixed oxythio-
phosphorane 12 was the major product. This material absorbs
at 6 —28 in its 3P NMR spectrum; addition of another mol of 10
leads to the disappearance of the absorption and formation of a
new absorption at § —42. The reaction of 4 and 10 (2 mol) is
remarkably clean in that 13 is essentially the only phosphorus-
containing product. The same is not true for the reaction of 9
and 10 in that varying amounts of thiophosphate are always
formed. This compound was prepared independently by allowing
9 to react with diphenyl disulfide. The formation of the thio-
CH CHo—CH,CH,SCgH

oh 2/ Z\N Pradk 2bfaobens
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phosphate during the reaction of 9.and 10 can be accounted for
by the reaction of 9 with diphenyl! disulfide, which is a product
of phosphorane formation.

The assigned structures of 11 and 13 rest in the main on their
method of preparation® and their NMR spectra. Both show upfield
3IP NMR chemical shifts, relative to 85% phosphoric acid; that
of 13 at 6 —42 is characteristic of five-membered ring containing
phosphoranes while that of 11 at 6 —66 is characteristic of acyclic
or six-membered ring containing phosphoranes. The proton de-
coupled 13C NMR spectrum of 11 shows that there are four
different kinds of carbons with appropriate couplings to phos-
phorus. The presence of coupling immediately rules out fast
ionizations as a means of rendering the pairs of carbons equivalent.
Similarly that of 13 shows three different kinds of carbons with
appropriate couplings. The 'H NMR spectrum of 11 has a doublet

(9) L. L. Chang, D. B. Denney, D. Z. Denney, and R. J. Kazior, J. Am.
Chem. Soc., 99, 2293 (1977).
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for the hydrogens of the methyl groups. The hydrogens of the
methylene groups adjacent to nitrogen are found as two over-
lapping triplets as are those of the methylene hydrogens on the
carbon bonded to oxygen. The hydrogens of the remaining
methylene groups are found as at least a six-line pattern. The
IH NMR data are satisfied if 11 adopts a TBP structure in which
the two methoxy groups are in equatorial positions and the rings
span equatorial apical positions with the nitrogen in an equatorial
position. In this structure the nitrogen would have to be sp?
hybridized or be undergoing rapid inversion to satisfy the 'H NMR
data. Alternatively, 11 could adopt a TBP, 11a, in which both
rings span e—e positions and the methoxy groups are placed in
apical positions. In order for this structure to satisfy the 'H NMR
data the nitrogen would also have to be sp* hybridized or un-
dergoing rapid inversion about nitrogen. Although this latter
structure cannot be totally ruled out by the data, the fact that
the coupling between the phosphorus and the hydrogens of the
methyl groups is 13 Hz is supportive of the structure with two
equatorial methoxy groups. Gorenstein and Westheimer!® have
reported that an apical methoxy group has Jpocy, = 10.5 Hz and
equatorial 13.5 Hz. The structure of 13 must be that illustrated,
as will be discussed, and it has Jpocy, = 13.2 Hz, which is es-
sentially the same as that of 11. Furthermore, Tripett!! and his
co-workers have shown that there is a highly preferred orientation
of the lone pair on nitrogen when the nitrogen occupies an
equatorial position in a TBP. The lone pair lies in the plane of
the equatorial belt, which is of course the situation with 11. In
11a just the opposite is found. The spectral data do not establish
that 11 is rigid and quite clearly it can be undergoing intramo-
lecular ligand reorganization.

Compound 13 also has an extremely simple 'H NMR spectrum
with hydrogens of the methoxy groups absorbing as a doublet,
which is due to POCH coupling, and those of the methylene group
adjacent to oxygen as a doublet of triplets, which is due to POCH
and HCCH coupling as are those of the methylene groups adjacent
to nitrogen. In this case PNCH and HCCH coupling are re-
sponsible for the pattern. Only one structure leads to equivalent
pairs of hydrogens of the methylene groups and that is the
structure entirely analogous to that assigned to 11. Once again
it is not possible to determine whether 13 is rigid or pseudorotating.
The structure analogous to 11a has two five-membered rings
spanning diequatorial positions and thus it must be higher in
energy than 11, there being no compensating factors which would
lower its energy.

Condensation of 9 and 4 with biacetyl yielded phosphoranes
14 and 15. The phosphorane 14 absorbs at § —42 in its 3'P NMR
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spectrum, which is strong evidence for a five-membered ring

( 9(610)) D. Gorenstein and F. H. Westheimer, J. Am. Chem. Soc., 89, 2762
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J. Am. Chem. Soc., Vol. 102, No. 15, 1980 5075

containing phosphorane. The 'H NMR spectrum of 14 consists
of a singlet at 6 1.82 for absorptions of equivalent methyl group
hydrogens. There is also a region of absorption which extends
from & 1.43 to 4.60, and which is due to hydrogens of the
methylene groups. The 'H NMR spectrum is very different from
that of 11. One does not find pairs of equivalent methylene group
hydrogens, which indicates that 14 does not adopt a structure in
which the five-membered ring spans two equatorial positions. Such
a structure would be expected to be of high energy relative to the
structure 14 shown.!? The 13C NMR spectrum of 14 at room
temperature with total proton decoupling shows equivalent methyl
group carbons with coupling to phosphorus as well as equivalent
coupled olefinic carbons. The pairs of methylene group carbons
are found as three doublets, which is due to coupling to phosphorus.
The observation of coupling demonstrates that ionization processes
which would lead to loss of coupling are not occurring rapidly on
the NMR time scale. The 'H and !3C NMR spectra are in
agreement with a phosphorane, 14, which is undergoing intra-
molecular ligand reorganization with exchange of the a—e ligands
of the five-membered ring and exchange of the two oxygen a—e
ligands of the bicyclic moiety. The nitrogen remains in an
equatorial position which is in accord with its usually lower ap-
icophilicity than that of oxygen.'> The variable temperature 1°C
NMR spectra show that below =63 °C the olefinic carbons are
nonequivalent. The AG* for the process that renders them non-
equivalent is 9.7 kcal/mol. It must be noted that the intercon-
versions discussed above are not the only way in which the dynamic
NMR data can be interpreted. The low-temperature 1*C NMR
spectrum also shows that the original pairs of equivalent methylene
group carbons are no longer equivalent. This would of course be
the case if 14 is now the rigid TBP indicated. There is an alternate
SP structure which also accommodates the data. It is only very
slightly displaced from the TBP depicted.

The phosphorane 15a,b, 3P NMR 6§ -3, from biacetyl and 4
has a very simple 'H NMR spectrum at room temperature. There
is found a resonance at 6 1.7 which is due to hydrogens of
equivalent methyl groups, a doublet of triplets at § 2.95 which
is assigned to four equivalent hydrogens on carbons adjacent to
nitrogen, and a doublet of triplets at 6 3.85 which arises from four
equivalent hydrogens on carbon adjacent to oxygen. This pattern
arises because of POCH, PNCH, and HCCH couplings. The 1*C
NMR spectrum is equally simple with only four doublets each
one of which can be assigned to two equivalent pairs of carbons
with the appropriate coupling to phosphorus of all carbons.
Ionization processes cannot account for these simple spectra be-
cause they would lead to loss of coupling. The only way the 'H
NMR spectrum can arise is if 15a is present or is passed through
during intramolecular reorganization. In this particular instance
then the 'H NMR spectrum uniquely defines the intermediate
or transition state through which the reorganization occurs. That
15a is not the lowest energy structure is demonstrated by the
low-temperature 3C NMR spectrum, which has two doublets for
carbons of nonequivalent methyl groups, two doublets for un-
saturated carbons, and broad resonances for the two different
carbons of the methylene groups. Such a spectrum could arise
from 15b. There is one SP structure, 15¢, which also satisfies the
low-temperature 3C NMR data. It would seem to be an ex-
tremely strained structure, whereas 15b should be essentially strain
free. It is thus concluded that the intramolecular ligand reorg-
anization involves 15b converting into 15b through an intermediate
or transition state 15a. The free energy of activation for this
process is 11 kcal/mol. This lower energy as compared to other
systems is probably due to the desire for nitrogen to enter an
equatorial position and for an extra oxygen to enter an apical
position.

Condensation of 4 with the dithiete 16 and the bissulfenate 17
led to phosphoranes 18 and 19. The 'H NMR spectra of both

(12) R. Luckenbach, “Dynamic Stereochemistry of Pentacoordinated
Phosphorus and Related Elements”, Georg Theime Verlag, Stuttgart, 1973,
pp 49-95.

(13) J. Emsley and C. D. Hall, “The Chemistry of Phosphorus”, Wiley,
New York, 1976, p 67.
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18 and 19 at room temperature show that both must be passing
through the same type of C,, structure as 15a. The variable
temperature 'F NMR spectra of 18 indicate that below —32 °C,
the coalescence temperature, there are two nonequivalent tri-
fluoromethyl groups and the activation energy required to render
them equivalent is 11 kcal/mol. The variable temperature *C
NMR spectra of 19 show that below —45 °C, the coalescence
temperature, the two carbons of the dioxy-containing five-mem-
bered ring are nonequivalent. The activation energy required to
render them equivalent is 11 kcal/mol.

Clearly these data are in full agreement with structures entirely
analogous to 15a and 15b. The uniqueness of the 'H NMR spectra
establish that in all three cases a C,, structure lies on the path
for intramolecular ligand reorganization. This appears to be the
first unequivocal demonstration of definite structures of caged
bicyclic phosphoranes in solution.

4 + (CGHE,SOCHz)z

Experimental Section

'H NMR spectra were run on Varian Model T-60 and FT-80 spec-
trometers. All chemical shifts are reported in parts per million relative
to internal tetramethylsilane. '3C, 3'P, and F NMR spectra were run
on a Varian Model FT-80 spectrometer equipped with a 10-mm, varia-
ble-temperature, broad-band probe. All *'P chemical shifts are reported
in parts per million relative to 85% phosphoric acid (external) § (negative
upfield); '°F chemical shifts are in parts per million relative to tri-
chlorofluoromethane (internal). !3C chemical shifts are reported in parts
per million relative to tetramethylsilane (internal). In all cases the 13C
spectra were obtained using full proton decoupling, a 30° flip angle, and
a 2-s repetition rate with no pulse delay.

Preparation of 3,3’-Iminodipropanocic Acid Dimethyl Ester. Ina 1-L
flask equipped with a dry ice condenser, an addition funnel, and a stirrer,
there was prepared a solution of ca. 34 g (2 mol) of ammonia in 400 mL
of dry methanol. To this was added, over a period of 30 min, 344.5 g
(4 mol) of freshly distilled methyl acrylate. After stirring for an addi-
tional 30 min at room temperature the mixture was then heated under
reflux for 15 h. After the solvent was removed, at reduced pressure, the
residual oil was distilled to yield 107 g (28%) of a colorless liquid: bp
95-100 °C (1.5 mm); IR (thin film) 3300 (N—H), 1730 cm™! (C=0);
13C NMR (D,0) 4 30.1 (-CH,CO,CH;), 42.2 (-CH,N), 52.7 (CHj,),
172.6 (-C=0); '"H NMR (CDCl;) 5 1.60 (s, 1 H), 2.54 (m, 4 H), 2.94
(m, 4 H), 3.75 (s, 6 H); mass spectrum m/e 189 (caled, 189).

Preparation of Dipropanolamine. To a solution of 35 g (0.92 mol) of
lithium aluminum hydride in 500 mL of dry ether, cooled in an ice bath,
was added over a period of 2 h 88 g (0.46 mol) of 3,3-iminodipropanoic
acid dimethyl ester. After having been stirred at room temperature for
1 h the mixture was heated under reflux for 24 h. The reaction mixture
was hydrolyzed by the addition of 35 mL of water, 35 mL of 15% po-
tassium hydroxide solution, and finally 105 mL of water. The resulting
solid was subjected to continuous ether extraction for 48 h. After the
ether was removed at reduced pressure, the residual oil was distilled.
Redistillation of the crude material afforded 14.3 g (37%) of di-
propanolamine: bp 122-124 °C (0.07 mm); '3C NMR (acetone-d) 6
31.4 (-CH,0H), 46.0 (CH,N), 60.1 (-CH,CH,0H); 'H NMR (CDCly)
& 1.75 (quintet, 4 H), 2.85 (t, 4 H), 3.60 (s, 2 H), 3.80 (t, 4 H).

Preparation of 2,10-Dioxa-6-aza-1-phosphabicyclo[4.4.0]decane (9).
To a solution of 14.1 g (106 mmol) of dipropanolamine in 40 mL of dry
toluene at 90 °C, under nitrogen, was added 17.3 g (106 mmol) of
hexamethylphosphorous triamide. This mixture was refluxed for 48 h.
After the solvent was removed at reduced pressure, the residual oil was
distilled to yield 2.8 g (16%) of a colorless liquid: bp 56-60 °C (0.08
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mm); 3'P NMR (CDCl;) § 129.8; 3C NMR (CDCl,) § 24.1 (d, Jecor
= 6.5 Hz), 46.3 (d, Jenp = 5.5 Hz), 62.3 (d, Joop = 1.8 Hz); 'H NMR
(CDCl;) 60.89-1.86 (m, 4 H), 2.40-3.38 (m, 4 H), 3.52-4.35 (m, 4 H).
Anal. Caled for C¢H|,NO,: C, 44.72; H, 7.45. Found: C, 44.94; H,
7.82.

Preparation of 2,8-Dioxa-5-aza-1-phosphabicyclof3.3.0Joctane (4). To
a stirred solution of 7.52 g (71.5 mmol) of diethanolamine in 120 mL of
dry toluene, heated to 85 °C, was added, under nitrogen, a solution of
11.68 g (71.5 mmol) of hexamethylphosphorous triamide in 15 mL of dry
toluene. This solution was allowed to reflux, under nitrogen, for 4 days.
After removal of the solvent, at reduced pressure, the residual oil was
distilled (bp 39-40 °C, 0.01 mm) to yield 5.12 g (54%) of a colorless
liquid which solidified upon standing: mp 35-37 °C; *'P NMR (CDCl;)
6 139 (lit.” 139.6); 3C NMR (benzene-dg) 6 53.7 (d, Jonp = 6 Hz), 67.5
(d, Jeop = 10 Hz); '"H NMR (benzene-dg) § 2.43-3.84 (m).

Reaction of 9 with Methyl Benzenesulfenate (10). To a solution of
0.29 g (1.8 mmol) of 9 in 1.5 mL of CDCl; at -20 °C under an atmo-
sphere of argon was added 0.51 g (3.6 mmol) of methyl benzensulfenate
(10). The reaction mixture was allowed to warm to room temperature
slowly. After removal of the solvent, at reduced pressure, the residue was
molecularly distilled (bp 35 °C, 0.03 mm): *'P NMR (CDCl;) 6-65.9;
3C NMR (CDCly) 6 27.15 (d, Jocop = 2.5 Hz), 51.5 (d, Jenp = 2.5 Hz),
55.7 (d, CHj;, Jegp = 11.5 Hz), 60.7 (d, Jegp = 9.5 Hz); 'H NMR
(CDC13) 6 1.80 (m, 4 H), 3.16 (d of t, JHCNP =13,J HCCH = 6.5 HZ,
4 H), 3.68 (d, Jucop = 13 Hz, 6 H), 4.08 (d of t, Jycop =
7 Hz, 4 H).

Reaction of 4 with Methyl Benzenesulfenate (10). In a preliminary
experiment 0.47 g (3.5 mmol) of 4 was mixed with 0.98 g (7.0 mmol)
of methyl benzenesulfenate (10) in toluene-dg at -20 °C. The progress
of the reaction was monitored by observing the 3'P NMR spectrum of
this mixture; (15 min, -20 °C) § +138 (starting material, <1%) -28
(>90%), -42 (<5%); (20 min, 25 °C) 6 -28 (67%), 42 (33%); (2 days,
25 °C) & -42 (100%).

To 2.96 g (22.3 mmol) of 4 dissolved in 4 mL of methylene chloride,
cooled to -20 °C, was added, under nitrogen, 6.25 g (44.6 mmol) of
methyl benzenesulfenate. After stirring for 2 h the reaction mixture was
allowed to return to room temperature and it was stored in a desiccator
for 9 days. After the solvent was removed at reduced pressure the
residual oil was molecularly distilled (bp 37 °C, 0.01 mm). This material
contained 30% diphenyl disulfide (‘\H NMR); however, a second such
distillation afforded 2.30 g (53%) of a material containing <2% diphenyl
disulfide. The spectral data were as follows: 3'P NMR (CD,Cl,) § -41.1;
13C NMR (CDCl;, 25 and -50 °C) § 42.8 (d, Jenp = 22 Hz), 54.8 (d,
CH,0P, Jcop = 9.2 Hz), 58.5 (s, -CH,OP); 'H NMR (CD,Cl,) § 3.00
(d of t, JHCNP = 116, JHCCH =6.5 HZ, 4 H), 3.51 (d, JHCOP =13.2 HZ,
6 H), 3.79 (d of t, JHCOP = 117, JHCCH =6.5 HZ, 4 H)

Reaction of 4 with 2,3-Butanedione. To a solution of 2.25 g (16.9
mmol) of 4 in 3 mL of methylene chloride, cooled to -30 °C, was added,
under nitrogen, 1.56 g (18.1 mmol) of 2,3-butanedione dissolved in 2 mL
of methylene chloride. The reaction mixture was allowed to warm slowly
and to stand overnight at room temperature. After the solvent and excess
butanedione were removed at reduced pressure, colorless crystals re-
mained. These were sublimed (68-70 °C, 0.01 mm) to yield 0.51 g
(13.8%) of the product (15): 3'P NMR (CH,Cl,, external lock) 6 ~
13C NMR (CDCl,, 25 °C) 5 10.9 (d, Jecop = 12.2 Hz), 45.4 (d, Jenp
= 11.2 Hz), 61.6 (d, Joop = 5.6 Hz), 129.4 (d, Jeop = 2.0 Hz); (CH,Cl,,
acetone-dg, -30 °C) 6 11.1 (d, Jecop = 12.5 Hz), 45.1 (d, Jonp = 11.2
Hz), 62.0 (d, Jeop = 5.6 Hz), 125-135 (very broad mound); (-65 °C)
5 11.0 (d, Jecop = 12.4 Hz), 11.2 (d, Jecop = 12.7 Hz), 45.1 (broad),
62.0 (broad), 125.9 (d, Jogp = 1.4 Hz), 132.6 (d, Joop = 4.3 Hz); 'H
NMR (benzene-dg) § 1.7 (s, 6 H), 2.95 (d of t, Jyenp = 15, Juccy = 6
HZ, 4 H), 3.85 (d of t, JHCOP = 14, JHCCH =6 HZ, 4 H) The pl’OdUCt
was thermally unstable and could not be stored even at 0 °C.

Reaction of 9 with 2,3-Butanedione. To a solution of 0.31 g (1.9
mmol) of 9 in 1.5 mL of benzene-dg, under argon and cooled to 15 °C,
was added 2,3-butanedione. The latter was added slowly and dropwise
until a slight yellow color persisted. Spectral data were as follows: 3P
NMR (benzene-dg) 6§ -41.6; *C NMR (CD,Cl,, 25 °C) 6 10.8 (d,
C}‘I3C0P Jccop =124 HZ) 259 (d C}‘IzCHzOP JCCOP =27 HZ) 48.5
(d, CH,NP, Jenp = 5.1 Hz), 65.9 (d, CH,OP, Jeop = 10.1 Hz), 128.8
(s); (63 °C) 6 10.8 (d, CH3COP, Jocop = 12.4 Hz), 25.9 (d, CH,C-
H,OP, Jecop = 2.7 Hz), 48.5 (d, CH,NP, Jenp = 5.1 Hz), 65.9 (d,
CH,0P, Jeop = 10.1 Hz), resonance due to olefinic carbons not visible;
(-85 °C) 6 9.93-10.56 (CH,COP), 23.35-24.49 (-CH,CH,CH,),
46.97-47.06 (PNCH,), 64.88-65.37 (POCH,), 130.9 (d, COP, Jeop =
3.8 Hz), 124.1 (d, COP, Jogp = 2.5 Hz); 'H NMR (CDCl;) 6 1.43-4.60
(m, 12 H), 1.82 (s, 6 H).

Reaction of 9 with Dipheny! Disulfide. To a solution of 0.32 g (2.0
mmol) of 9 in CDCl,, cooled to -30 °C and under argon, was added 0.44
g (2.0 mmol) of diphenyl disulfide. The reaction mixture was allowed

16, Jucen =
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to warm to room temperature slowly. The spectral data were as follows:
IR (thin film) 1250 em™ (P=0); 3'P NMR (CDCl;) § +22.3; 3C NMR
(CDCl;) 6 26.4 (d, ring CH,CH,OP, Jocop = 4.9 Hz), 27.9 (d, side chain
C}‘IzCHzNP, JCCNP =1.9 HZ), 30.8 (S, CstcsHs), 472 (S, side chain
CH,NP), 47.6 (d, ring CH,NP, Jexp = 1.9 Hz), 69.7 (s, CH,OP), plus
resonances in the range 6 125-135 (aromatic carbons); 'H NMR (CD-
Cly) 6 1.36-2.51 (m, 4 H), 2.70-3.79 (m, 6 H), 3.96-4.60 (m, 2 H),
7.26-8.06 (m, 10 H). Attempts to purify this material by molecular
distillation failed.

Reaction of 4 with Dithiete (16). To a solution of 0.99 g (7.5 mmol)
of 4 in 2 mL of methylene chloride, cooled to -78 °C and under a
nitrogen atmosphere, was added 1.71 g (8.0 mmol) of freshly distilled
dithiete (16) dissolved in 2 mL of methylene chloride. After stirring at
this temperature for 1 h the reaction mixture was allowed to warm to
room temperature. After the volatiles were removed at reduced pressure,
there remained a red-brown oil which could not be purified and had to
be stored in solution to prevent its decomposition: 3P NMR (CD,Cl,)
6 +20.9; I3C NMR (CDCl) 6 48.7 (d, Jenp = 7.5 Hz), 65.8 (s), 121.3
(d of g, Jop = 275.4, Jecsp = 16.1 Hz), 125 (m); 'H NMR (CH,Cl,)
63.33 (d of t, JHCNP = 17.0, JHCCH =64 HZ), 4.22 (d of t, JHCOP = 16.0,
Juccu = 6.4 Hz); F NMR (CDCl,, 25 °C) 6 -60.5 (d, Jrocsp = 2.1
Hz); (-32 °C) 6 -58 to -61 (very broad mound); (-65 °C) § -58.8 (d,
JFCCSP = 10.6 HZ), -61.0 (d, JFCCSP =10.0 HZ)

Reaction of 4 with Ethane 1,2-Bis(benzenesulfenate). To a solution
of 0.39 g (2.97 mmol) of 4 in 1 mL of methylene chloride, cooled to -78
°C and under argon, was added 0.83 g (3 mmol) of ethane 1,2-bis(ben-
zenesulfenate) dissolved in 1 mL of methylene chloride. After stirring
for 1 h at this temperature the reaction mixture was allowed to warm to
room temperature, slowly. After removal of the solvent, at reduced
pressure, the residual oil was triturated with pentane. Further purifica-
tion was not possible because of the thermal instability of the product:
3P NMR (CD,Cly) § -6.0; 3C NMR (CD,Cl,, 25 °C) § 45.1 (d, Jene
= 11.3 Hz), 61.4 (d, NCH,CH,0P, Jop = 5.1 Hz), 61.4 (d, OCH,C-
H,0P, Jeop = 3.5 Hz); (-45 °C) § 44.8 (d, Jenp = 11.0 Hz), 61.4 (d,
NCH,CH,0P, Jeop = 4 Hz); (-70 °C) § 44.7 (d, Jonp = 11.0 Hz), 59.5
(d, OCH,CH,0P, Joop = 3 Hz), 61.4 (d, NCH,CH,OP, Joop = 4 Hz),
63.3 (s, OCH,CH,0P); 'H NMR (CD,Cl,) 6 2.93 (d of t, Jycnp = 15,
Juccn = 6.1 Hz, 4 H), 3.80 (d, OCH,CH,OP, Jycop = 13.8 Hz, 4 H),
3.84 (d of t, NCHZCHZOP, JHCOP = 13.5, JHCCH =6.1 HZ, 4 H).
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Abstract: Configurational and conformational analysis of isomeric 2-aryloxy-2-oxo-trans-5,6-tetramethylene-1,3,2-dioxa-
phosphorinane (1-4) (ArO = p-methoxyphenoxy, p-nitrophenoxy, phenoxy, and 2,4-dinitrophenoxy) and isomeric 2-p-
nitrophenoxy-2-oxo-trans-5,6-tetramethylene-1,3,2-oxazaphosphorinane (5) is presented. Based upon '"H NMR coupling data
and 1P and '3C NMR and IR spectra the axial aryloxy isomers of 1-5 of these trans-decalin-type six-membered-ring
phosphorinanes are in chair conformations. However, NMR and IR data support the assignment of a twist-boat conformation
for “equatorial” isomers of the 2,4-dinitrophenoxy ester 4b and the p-nitrophenoxy ester of 5b. Mixed chair and twist-boat
conformations are found for the other aryloxy esters 1b—3b. The axial isomers 1a-5a are 1.5-2 kcal/mol lower in energy and
hiydrolyze in base 4—17 times slower than their epimers. Only the twist-boat isomers of 2,4-dinitrophenoxy ester 4b and the
p-nitrophenoxy ester 5b react with 100% inversion of configuration with methoxide. All other compounds react with 4-83%
inversion of configuration. Speculations on the stereoelectronic effects in these reactions are considered.

Introduction

Deslongchamps® and more recently Kirby® have established that
the orientation of lone pairs controls the decomposition of tetra-
hedral carbon species. In this stereoelectronic theory cleavage
of specific bonds is facilitated by antiperiplanar (app) lone pairs
on directly bonded oxygen or nitrogen atoms. Lehn and Wipff*
and Gorenstein et al.>~ have proposed that similar stereoelectronic
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and references cited therein.

(3) (a) A. J. Kirby and R. C. Martin, J. Chem. Soc., Chem. Commun.,
803 (1978): (b) S. Chandrasekhar and A. J. Kirby, ibid., 171 (1978).

(4) J. M. Lehn and G. WipfT, J. Chem. Soc., Chem. Commun., 800 (1975).

(5) D. G. Gorenstein, J. B. Findlay, B. A. Luxon, and D. Kar, J. Am.
Chem. Soc., 99, 3473 (1977).

(6) D. G. Gorenstein, B. A. Luxon, J. B. Findlay, and R. Momii, J. Am.
Chem. Soc., 99, 4170 (1977).

(7) D. G. Gorenstein, B. A. Luxon, and J. B. Findlay, J. Am. Chem. Soc.,
99, 8048 (1977).
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101, 5869 (1979).
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effects control the hydrolysis of phosphate esters. These predictions
were based upon molecular-orbital calculations and obviously
require experimental confirmation. In this paper we report on
the reactions of the epimeric pairs of 2-aryloxy-2-oxy-1,3,2-di-
oxaphosphorinanes 1a,b~4a,b and 1,3,2-oxazaphosphorinanes 5a,b,
designed to test this theory.
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The present combination of conformational analysis and kinetic,
stereochemical, and equilibration studies of the epimeric pairs of
dioxaphosphorinanes and oxazaphosphorinanes has provided the
most detailed definition to date of the associative mechanism of
reaction at phosphorus. Unfortunately for the test of the ster-
eoelectronic theory it is now recognized that low-energy twist-boat
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