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Abstract: Cross polarization and magic-angle spinning techniques have been used to obtain *'P chemical shifts for solid samples
of several pentacoordinated phosphorus species. Comparison of these results with chemical shifts of solutions of the same
compounds indicates that the structures do not differ substantially between the solid and solution phases. This finding is used
to apply NMR values for solutions of a large number of phosphoranes to a study of the relation between &1, and geometric
structures of the compounds. With use of *'P NMR and conductivity data, the ionic nature of CIP(OC4H;), is confirmed.

Structural variations in pentacovalent phosphorus compounds
have received much attention in recent years.!”> This interest
stems from a variety of structural possibilities that range between
two limiting structures for pentacoordination, namely, the trigonal
bipyramid (TBP) and the square pyramid (SP). In an effort to
explain the NMR equivalence of the fluorine atoms in PFs, Berry
proposed an intramolecular exchange process based on a normal
vibrational mode of such D, molecules.* Holmes and Deiters
later considered this process, and postulated that the lowest energy
pathway to exchange proceeded through the tetragonal pyramid.”
Subsequently, Holmes and co-workers have determined crystal
structures of a large number of phosphoranes, and have shown
conclusively that the structures fall somewhere along this coor-
dinate between the TBP and SP structures.® They have used the
term “percent displacement along the Berry coordinate” (% B).
On the Berry coordinate 0% represents the TBP structure, and
100% represents the SP structure.

Pentacoordinate phosphorus species have been implicated as
transition states in numerous reactions.” They are postulated as
intermediates in biological processes such as the action of ribo-
nuclease upon its substrate.’® Dynamic processes of penta-
coordinate compounds in which interchange of ligands occurs is
another area of interst in these species.

There has been extensive use of 3P NMR in the study of
phosphoranes. The structural interpretation of that work has been
based largely on structural models provided by X-ray diffraction.
This approach is a common and potentially fragile one—i.e.,
assuming that structures determined by diffraction studies of a
crystalline sample apply to the liquid solution state. The recent
development of high-resolution NMR on solid samples provides
a means of comparing the crystalline and liquid states directly.

As relatively small differences in ligand structure give rise to
substantially different structures of phosphoranes in the solid state®
one might expect that the patterns of solvation energies can be
sufficiently different from the patterns of crystal-packing energies
to cause noteworthy structural differences for a given phosphorane
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Table I. 3'P Chemical Shifts of Phosphoranes in Solution and in
the Solid State?

compound % Bb liquid (solvent)¢ solid
(I) P(OPh), 154  -85.4 (CDCLy) -84.2
—86.2 (Et,0)
—85.7 (benzene)
(II) CiP(OPh), -22.8 (CH,Cl,) -233
—21.6 (CDCL,)
(ITI) (-PrO),P Pheq9 16.3  —48.6 (CDCl,) -46.0

-49.2 (b
(IV) (Cat),PR® (benzene)

(a) R = (OPh) 87.7 -30.0 (CH,Cl,) -25.9
-29.1 (CDCL)
(b) R=CH, 78.9 +3.17 (CDCL,) +2.43
+1.85 (benzene)
(e)R=Cl1 71.2 -9.4 (CH,Cl,) -11.0
—-8.1 (CDCl,)
(d) R=Ph 72.1 -9.8 (CDC,) -9.47
—9.0 (benzene)
(V) (Cat),P(Cat)P(Cat),® 45 —-27.6 (CDClL,) -27.9
63 -29.9 (CDCY,) -29.8

@ Chemical shifts are given with respect to external 85% H,PO,.
Positive shift is lower shielding. ® Percent along the Berry co-
ordinate between TBP and SP geometries as determined by dif-
fraction studies. See text for references. € Values for CDCL3 as
solvent were determined in this laboratory; literature values are
given for other solvents. ¢ Pheq = phenanthrenequinone. ¢ Cat=
catechol.

between the solid and liquid solution states. Holmes has pointed
out that the observed structures of the more than 50 phosphoranes
studied appear to correlate with the electronegativity and ring
strain rules for such structures.®® He argues that this is evidence
that the lattice interactions in the solid are not sufficient to render
invalid a comparison of solid and solution properties. Holmes has
also shown that the IR and Raman spectra of solid and solution
states are very similar.!0

NMR studies can provide a further test of the common as-
sumption that diffraction-determined solid-state structures can
serve as useful models for liquid solution chemistry. More spe-
cifically, *'P NMR studies of both the solid and liquid states are
employed in this investigation to determine the validity of using
solid-state structures for interpreting the solution chemistry of
phosphoranes and for interpreting 3'P NMR data on solutions
of this class of compounds.!?

Experimental Section

NMR Spectra. Solution spectra were measured on a Nicolet NT-150
spectrometer at 60.75 MHz. Phosphorus-31 chemical shifts were de-
termined by substitution, and are reported in ppm from 85% H,PO,,
more positive values reflecting lower shieldings. The solid-state mea-
surements were made at a frequency of 24.27 MHz on a home-built

(10) W. Althoff, R. O. Day, R. K. Brown, and R. R. Holmes, Inorg.
Chem., 17, 3265 (1978).
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Figure 1. Phosphorus compounds studied in the solid state in this work.
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spectrometer based upon a 14-kG Varian HR-60 magnet and a JEOL
EC-100 Fourier transform data system. The cross polarization-magic-
angle spinning (CP/MAS) experiment has been described previously!!
and will not be discussed further here. Typical parameters for the
phosphoranes studied were a contact time of 9 ms and repetition times
of 8 s, although longer repetition times of up to 30 s were found to be
preferable for some of the compounds.

Materials. The compounds studied experimentally in this work are
shown in terms of their presumed structures in Figure 1. The compounds
L2 TIL'2 IVa, ¥ Vb, IVe, 1318 IVd,!® and V7 were prepared by proce-
dures reported in the literature. All reactions were performed in a dry
nitrogen atmosphere. Solvents and reagents were purified and dried by
standard procedures.!?

Compound I1'>!? was prepared by adding a benzene solution of phenol
dropwise to a stirred suspension of PCls and benzene. After being stirred
at room temperature for 3 h, the benzene was removed under vacuum
and a white hygroscopic powder was obtained, with & melting point
(uncorrected) of 76-78 °C and &, = ~21.6 ppm (CDCl;). The *C and
'H NMR spectra of this compound show resonance patterns character-
istic of phenoxy groups, with small impurity peaks. Elemental analysis
for chlorine gave values ranging from 14% Cl to 16% Cl (theoretical for
CIP(OC¢Hs), is 8.7% Cl). The parent peak in the mass spectrum is
found at 408 amu (theoretical for CIP(OC¢Hjs), is 407.86 amu).

Results and Discussion

3P NMR Results. 3'P NMR data on the phosphoranes of this
study are summarized in Table I, and representative spectra are
shown in Figure 2. The *'P data show that the chemical shift
of each solid is indeed very similar to that of the corresponding
solution. Consider, for example, the four POs compounds
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Soc., 3043 (1956).
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Figure 2. Representative 3'P NMR spectra of solid samples of penta-
coordinated phosphorus compounds. Spinning side bands are indicated
by “S”. Impurities are indicated by “i>. Parameters: (a) 1.5 ms contact
time, 8 s repetition rate, 250 scans, (b) 9.5 ms contact time, 8 s repetition
rate, 2610 scans, (c) 9 ms contact time, 12 s repetition rate, 372 scans.

(phosphoranes in which each of the atoms directly bonded to
phosphorus is oxygen) I, I1I, V, and IVa. These four have very
similar chemical makeup from the point of view of the atoms
attached to phosphorus, and differ basically in geometry, as is
indicated by the % B values obtained from X-ray data on crys-
tals.%!7 For this series of compounds, the chemical shift varies
from -85 to -25 ppm, i.e., over a range of 60 ppm,; yet the largest
solid vs. liquid shift difference is only about 4 ppm for molecule
IVa. Hence, it seems clear that the structure of each of these
compounds in solution is very close to that in the solid.

It can be seen in Figure 2 that compound V exhibits a doublet
in the solid-state 3P spectrum. The crystal structure for this
compound shows that the two phosphorus atoms are at sites of
differing geometry, as indicated by the two % B values given in
Table .17 It is gratifying that the NMR study is in agreement
with the X-ray structural data. When V is dissolved in CHCl,4
and the *'P NMR is taken as a function of time, two peaks are
observed, at nearly identical chemical shifts to those observed in
the solid. The relative intensities of these two lines vary until
equilibrium is reached in about 30 min at 30 °C. After equi-
librium has been reached, the relative intensities of the two peaks
may be altered by varying the sample temperature. The impli-
cation of these data is that a structural difference of the two
phosphorus atoms in V that is comparable to the difference found
in the solid is maintained in solution. Characterizing the exact
nature of this time-dependent behavior in solution would require
additional study.

Certain of the spectra obtained in the solid state showed peaks
which can be identified with decomposition products by the fact
that, as time passes, these peaks grow in relation to the main peak.
For example, the solid-state spectrum of compound IVb showed
an impurity peak at 8.3 ppm with an intensity that was approx-
imately one quarter the intensity of the main peak at 2.4 ppm;
the same sample 2 months later, having been kept in a freezer
and sealed against moisture, showed nearly equal intensity for
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these two peaks. One must, however, guard against making direct
estimates of relative concentration of the various components from
CP/MAS measurements on these solids. A glaring example of
this need for caution is found in the spectrum of solid IVc. The
spectrum shows several “extra” peaks over a wide range of
chemical shift values. The solution spectrum of this sample,
however, shows only one strong line, at —8.1 ppm. Only after 4
h of collecting data on the solution are very small impurity peaks
detected which agree in chemical shifts with those of the solid-state
spectrum. Apparently the cross polarization process occurs much
more efficiently in the sample impurities than in compound IVc.
Compound V was one of the impurities that occurred in the sample
of compound IV¢; and preliminary experiments seem to indicate
that the presence of a small amount of V in the solid sample
actually enhanced the intensity of the line due to IVc. In an
overnight CP/MAS experiment on a highly purified sample of
IVc, the spectrum obtained had a very low signal-to-noise figure,
and showed very little, if any, V impurity. The CP/MAS spectra
of less pure samples of IVc showed more V relative to IVc, but
the IVc peak also emerged faster than in the pure samples; i.c.,
a higher signal-to-noise figure for the IVc resonance was obtained
in the same number of pulses. This would tend to indicate that
in some way the presence of V enhances the 3'P spin polarization
in IVc, e.g., either by P spin diffusion between V and IVc, or
by the proton T values in IVc being reduced by the presence of
the impurity, V.

The 3P spectrum of solid P(OC¢Hj); yields another interesting
case of impurity effects. As can be seen in Figure 2, the CP/MAS
spectrum of I shows one peak at —84.2 ppm. If the contact time
is changed from 9 ms to about 9 us, then one line is observed, at
-17.7 ppm. This —17.7 ppm resonance is due to the impurity
triphenyl phosphate.

CIP(OC¢H;),. Compound II has been the subject of some
controversy, mainly due to the difficulty of obtaining pure samples.
Ramirez!? reported a white, hygroscopic solid with 6sp = ~22.8
(CH,Cl,) as being CL,P(OC¢H;);. Tseng'* has recently argued
that this compound was probably CIP(OC¢H;),. Our Cl content
of 14-16% is higher than required for the latter formula. We
found that reaction of PClg with 3 equiv of phenol yielded a
product substantially contaminated with PCl; and with a wide
melting point range, 62-70 °C, whereas reaction of PCl; with 4
equiv of phenol yielded a product with a narrow melting range,
76-78 °C, which is in agreement with a value quoted by Ramirez,
76-78 °C.1? In addition, compound II reacted with water to form
triphenyl phosphate (é:p = ~17.7 ppm) and phenol; the proton
NMR showed the ratio of phenolic groups in triphenyl phosphate
to free phenol to be 3-to-1. This result is consistent with compound
II being CIP(OC¢Hs)4, which is also indicated by the mass
spectrum. It is our opinion that the high Cl analyses obtained
on compound IT are due to HCI impurities that are difficult to
remove. Maintaining the sample at 60 °C under dry vacuum for
2 days did lower the Cl content to 12.4%.

Tseng!® reported that a CHCI, solution containing BrP(O-
C4Hs), and CIP(OC¢Hs), exhibits a *'P signal at —22.5, and he
indicated that this was evidence of the ionic nature of this com-
pound, that is, the chloride salt of the tetraphenoxyphosphonium
jon. Nesterov!® showed that the series of compounds XP-
(OC¢Hs),, with X = Cl, Br, I, and BFs, all have very similar 8s:p
values (=24, —26, -23, —21, ppm, respectively), and he interpreted
this as evidence that this collection is a series of tetraphenoxy-
phosphonium salts. If compound II had a pentacoordinated
phosphorus structure, it would be expected to have a TBP
structure, or very nearly so. However, based on the conclusions
of this paper (vide infra), the é»p value of —21.6 is inconsistent
with the TBP structure. This may be taken as further evidence
of the jonic nature of compound II. Also, noting the similarity
of the phosphorus chemical shift for the solution and solid samples
of compound II (8:1p = -21.6 (CDCl;), 8sp = —23.2 (solid), we
conclude that the solid-state and solution structures of the CIP-
(OC¢Hs), are essentially the same.

In order to test the hypothesis that the structure of compound
II is the ionic tetraphenoxyphosphonium chloride structure,
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Table II. Conductivity and 2'P Chemical Shifts

A,ohm™  8ap,

compound solvent  concn, M cm? equiv’? ppm
CIP(OC,H,), CHCI, 0.0929 1.38 -21.6
CIP(OC,H,), CH,CN 0.144 92.2 -21.8
BrP(C,H,), CHCl, 0.00502 2.94 239
BrP(C,H,), CH,CN  0.0274 101 24.5
P(OC H,), CH,CN  0.0488 048 -84.0

P(OC,H,), CHCl,  0.0256 <0.08 -85.4

conductivity experiments were carried out on CIP(OC¢Hs), and
on P(OC¢Hs)s and BrP(C¢Hs), as models of molecular and ionic
substances, respectively. The results and related 3'P chemical shifts
in solution are summarized in Table II. From the table it is seen
that, as expected, the equivalent conductances of P(OC¢Hj); are
very low in either CHCI, or CH,CN solution. By contrast, both
CIP(OC¢Hs), and BrP(C¢Hj), show small equivalent conductances
in CHCl,, but very large equivalent conductances in CH;CN. *'P
chemical shifts of the same solutions on which conductivity ex-
periments were carried out give very nearly the same values for
a given solute in both solvents. Our interpretation of these results
is that both CIP(OC4H;), and BrP(C¢H;), are ionic substances,
which exist largely as ion paris in CHCl, solution, but largely as
separated ions in CH;CN solution. The *'P chemical shift is
apparently not very sensitive to that distinction. The sample of
CIP(OC¢Hj), is thought to have an impurity of HCI, and some
triphenyl phosphate. These impurities are the reaction products
of hydrolysis of CIP(OC¢H),, and can affect the accuracy of the
conductivities reported in Table II. CIP(OCgHj;), is very sus-
ceptible to reaction with moisture, and when nonrigourously dried
solvents were used, much Jower conductivities were measured. This
is not the behavior one would expect if the measured conductivity
were primarily due to an HCI impurity, and the conclusion re-
garding the ionic nature of CIP(OC4Hs), is therefore not affected
by the impurity HCl in the sample. Harris and Payne have made
the same kind of argument.!*

The Relationship between Molecular Structure and *'P NMR
Chemical Shift. The structures of a large number of pentacovalent
phosphorus species have been determined by X-ray diffraction.
Most of the known structures are summarized in Figures 1 and
3. As stated previously, Holmes has interpreted the structures
of these molecules in terms of the Berry coordinate,* and has shown
that they fit somewhere along the coordinate between the TBP
and the SP structures. Table IT1?*° gives the % B value, i.e.,
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XXX XXXV

the percent along the Berry coordinate, for each of the X-ray-
determined structures of some 47 compounds. Also given in Table

(37) M. Ul-Hagnue, C. N. Caughlan, F. Ramirez, J. F. Pilot, and C. P.
Smith, J. Am. Chem. Soc., 93, 5229 (1971).

(38) H. A. E. Aly, J. H. Barlow, D. R. Russel, D. J. H. Smith, M.
Swindles, and S. Tripett, J. Chem. Soc., Chem. Commun. 449 (1976).

(39) G. Chioccola and J. J. Daly, J. Chem. Soc. A., 568 (1968).

(40) C. H. Birum and C. N. Matthews, Chem. Commun., 137 (1967).

(41) R. Burgada and C. Larrenco, J. Organomet. Chem., 66, 255 (1974).

(42) P. F. Meunier, R. O. Day, J. R. Devillers, and R. R. Holmes, Inorg.
Chem., 17, 3270 (1978).

J. Am. Chem. Soc., Vol. 104, No. 1, 1982 233

Table III. Summary of Structures and *'P NMR Chemical Shifts
of Pentacoordinate Phosphorous Compounds from This
and Other Studies

structure

compd % B® 831P,b ppm and NMR ref®
I 15.4 ~85.4 6a, 12
1 16.3 —48.6 6a, 13
IVa 87.7 -29.1 6a, 14
IVb 78.9 3.17 6a, 15b
Ve 71.2 -8.1 20, 16
Ivd 72.1 ~-9.8 6a, 15b
Ve 64.8 6a
Ivf 73.0 —1.7 (toluene) 6a, 21
Vg 1.7 -21 22,23
IVh 82.4 5.6 21,24
\Y% 45 -29.9 17,d

63 -27.6
VI 6.6 —50.2 (benzene) 6a, 25
ViI 26.5 -26.7 6a, 26
Villa 82 27
VIIIb 93.3 6a
IX 11.9 -17.9 (CH,Cl,) 6a, 28
Xa 52 -124 (M 29, 30

37 6.1 (" 29, 30
XI 57 —-29.5 (CH,Cl,) 29
XII 86 27
XIIla 93.7 22
XIIIb 94.3 22
X1V 87 14.14 (benzene) 10, 10
XV 61.6 3.7 (benzene) 32,33,e
XVI 3.6 -60.8 34
XVIl 9 -88.7(M 35,36,¢
XVIII 26.7 —32.1 (benzene) 37,37, e
XIX 30.0 38,e,f
XX 25 —54 (CH,CL,) 39, 40
XXI 277 -53.6 (CH,Cl,) 6a, 41
XXI1 25 —47.5 (CH,CL,) 42,41
XXIIla 55  —35(CH,CL,) 43, 41
XXIIIb 11.2 —-36 (CH,Cl,) 43,41
XXV 29.0 —56.8 (CH,Cl)) 6a, 28
XXV 35.0 -16.4 (CH,ClL,) 6a, 44
XXVI 30.7 -35 45,46
XXVIL 14.5 -57 47,48, ¢
XXVIII 29.2 -33.4 (CH,CL) 6a, 49
XXIX 31 —-30.2 (CH,CL) 50, ¢
XXX 21 -72.6 (V) 51
XXXI 49.3 -10.6 52,e
XXXIla 78.9 6a
XXXIIb 352 53
XXXI1II 43 18.2 53,54
XXXIV 93 29.5 53, 54
XXXV 36 3.0 55,¢

@ See ref 6a and text. ® Solvent is CDCI, unless indicated. (?)
indicates solvent not specified in the report. ¢ First reference is
to structure, second is to 3P NMR. Where only one reference is
given, either no 3'P NMR is available, or it is given in the structure
paper. ¢ Assignment of two % B values to two & s1p values is
based on internal trend in PO, compounds. See text. € The % B
values for these molecules were calculated in this lab from re-
ported structural parameters. / This molecular structure does not
fit on the Berry coordinate.

III are the 3P NMR chemical shifts, where known, as determined
on liquid solutions.
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Figure 4. Plot of 3'P chemical shift vs. percent along the Berry coordinate
(%B) for POs compounds. Solution data are represented as circles.
Solid-state data are represented as squares. Point labels are from Table
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In order to consider the effect of molecular geometry on the
31P chemical shift, one wishes to study sets of compounds within
which there are minimal ligand variations that are nongeometrical.
Each set chosen should have several compounds therein to give
a reasonable representation of any trends that may exist. In order
to find a reasonable number of *'P data, and because of the close
similarity found in this work between the solid-state and solu-
tion-state 3!P chemical shifts, solution-state 3!P data from the
literature are used for these comparisons. Despite this inclusion
and the large number of compounds considered in Table III, only
three sets of compounds are found in sufficient number to warrant
consideration in this light. These three sets are (1) the POs group
(compounds in which each of the five ligands is bonded to
phosphorus through a ligand oxygen), (2) the PO,C group, and
(3) the PO,C,. After brief consideration of certain general features
of Table II, these three groups are considered in turn.

The 3'P chemical shifts summarized in Table III cover a range
from -89 to 14 ppm, a span of more than 100 ppm. Chemical
shifts of —40 ppm to -90 ppm seem to indicate a pure or distorted
TBP (% B < 30), whereas for signals at lower shielding than —40
ppm almost any structure seems to be possible. Another interesting
pattern is the fact that P(CgHs)s (8np = —80.3),% PCls (8s1p =
-80.7)'2, and P(OEt)s (8 = —70.7)% should all have such similar
3P chemical shifts. This would seem to predict that the recently
synthesized compound XXXVI with 8:p = —91.7 would have a

CHz
|
O
XXXVI
TBP structure.®® Schmidbauer, Hall, and Kohler report that both
13C and 'H NMR spectra of this compound show no splitting due
to distribution between equatorial and axial positions, even at —105
°C, and take this as a possible indication of SP structure. They
leave open the possibility of rapid polytopic rearrangement due
to very low energy barriers, which would seem likely on the basis
of the above mentioned 3'P chemical shift pattern. Perhaps
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Figure 5. Plot of *'P chemical shift vs. percent along the Berry coordinate
(%B) shift for PO,C compounds. Point labels are from Table II.

solid-state 3C NMR experiments could solve this problem.

Figure 4 gives a plot of the % B of various PO; structures from
Table III against d:1p. Ramirez has attributed the shift to lower
shielding on going from acyclic to monocyclic to bicyclic oxy-
phosphoranes to inhibition of = bonding.!? A great many PO;
type compounds and their up values are known, and they all seem
to follow the pattern shown in Figure 4. For many of these
compounds the parameter % B is not known (not represented in
Figure 4); yet one can guess the range in which % B is expected
from the general structural type of a given compound, especially
if dap is known. For example, consider triphenoxycatechol-
phosphorane, for which ésp is —60.8. This type of molecule would
be expected to have a structure similar to that of the triisoprop-
oxyphenanthrenequinone phosphorane (III, % B = 16.3, ésp =
-48.6). So it is apparent that a 6:1p value of ~60.8 ppm is in
reasonable agreement with the trend in Figure 4.

Figure 5 shows % B plotted against éxp for a group of PO,C
compounds. It is clear that no simple relationship is present. The
scatter in this plot is apparently due to the different ways that
variations in the chemical nature of the C atom (which varies
among methyl, ters-butyl, adamantyl, phenyl, and C(CF3);) are
manifested in *'P shielding and in molecular geometry. It is
interesting to note that the two ters-butyl derivatives have very
different % B values, and yet very similar chemical shifts. Note
also the two corresponding phenyl derivatives; in one case the
substitution of tert-butyl for phenyl has influenced the structure
toward SP, whereas in the other the same substitution has in-
fluenced the structure toward TBP. Indeed this figure shows the
difficulty in predicting structural effects of ligands.

Figure 6 illustrates the relationship between structure and ésip
for a series of PO,C; compounds. Examination of the formulas
reveals that the chemical nature varies from PO,(Ar); (Ar = aryl)
to PO,(Ar)(R), (R = aliphatic). In considering PO,C; com-
pounds, one must also distinguish between two situations, those
which have the two oxygen atoms equatorial (VI, VII, XVI,
XVIII) and those which have the two oxygens axial-equatorial
(XV, XIV). For example, consider the compound XXXVII, which



J. Am. Chem. Soc. 1982, 104, 235-239 235

-60

§3! o X VI
A\ VI

XV

X1V
| 1 | 1 |
20 20 40 60 80 100

% B

Figure 6. Plot of *'P chemical shift vs. percent along the Berry coordinate
for PO,C; compounds. Point labels are from Table II. The triangle
plotted point is for an estimated structure. (See text.)

has &3p = —1.5.2 On the basis of structural data on similar
compounds (e.g., see Table III), one would expect this molecule
to have a % B value of 10-20. If the reported éup value is plotted
at % B = 15 on Figure 6, we see that this point falls on a straight
line containing the points for compounds XIV and XV, and this
line is different form the line through the remaining four points.
Thus, it appears that for PO,C; species there are two distinct
correlation lines in Figure 6. The compounds of these two cor-
relations can be distinguished on the basis of the relative orien-
tations of their P-O bonds. The relative orientations can be

discussed in terms of the orientations that the P~O bonds would
have if a Berry rotation converted the species to a pure SP con-
figuration or a TBP configuration. The species represented on
the upper line of Figure 6 would have two axial P~O bonds in
the TBP configuration. Those represented on the lower line would
have axial/equatorial orientations in the TBP arrangement or two
adjacent basal P-O bonds in the SP. A definite structure vs.
chemical shift relationship is apparent in this figure, but whether
it is due to changes in geometry or changes in the electronic
substituent effects of individual substituents is not clear. There
is, in any case, a large change in chemical shift for chemically
similar compounds. This variation shows again that one must take
care in using phosphorus chemical shifts to determine molecular
structures.

The principal purpose in presenting the data in Table III has
been to stimulate and lay groundwork for further studies. Ascan
be seen in Figures 4, 5, and 6, not enough points are on the plots
to establish unequivocally any explicit relationships between
chemical shift and molecular structure. With more data on
well-characterized compounds these relationships could be tested
more definitively. Such relationships could be important in
providing a sound basis for the use of NMR parameters to
characterize molecular structure. A more fundamental use of the
relationships would be their interpretation in terms of the nature
of bonding in these types of molecules. In any case, the present
work has demonstrated the ability of NMR to provide a bridge
between the crystalline states and liquid (e.g., solution) states.
In the present application it has been shown that the structures
of representative phosphoranes are very similar in solution to the
X-ray-characterized solid-state structures.
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Abstract: A synthetic approach to 5-methyl-5H-adenine by closure of a pyrimidine ring onto 5-amino-4-cyano-4-methyl-
4H-imidazole, by mild treatment with formamidine at 20 °C, resulted in rearrangement to 4-amino-8-methylimidazo[1,5-
a]-1,3,5-triazine. This constitutes a “translocative rearrangement” in which the overall result is to remove a C=N group
from the quaternary carbon of the original 4H-imidazole ring and to translocate it efficiently and with ease to a ring nitrogen
two atoms removed, where it becomes attached as a >CNH, function. An intramolecular route is postulated, proceeding through
5-methyl-5 H-adenine (and/or its tautomers) as a transient intermediate. Application of semiempirical molecular orbital MINDOQ/3
calculations revealed the relative instability of the intermediate 5-methyladenine and the stability of the final rearrangement
product. They also provided insight into the probable loci of bond breaking and into the structures of the potential intermediates
in the ring opening of 5-methyladenine. The imidazotriazine structure of the rearrangement product, indicated by spectroscopic

data, was established by unequivocal synthesis.

Previous experimental results in this laboratory have indicated
that the existence of a C5-alkylated guanine would be transient
and that an intermediate of this type, if formed, would tend to
undergo facile ring cleavage and/or rearrangement.'”* While

(1) Golankiewicz, B.; Holtwick, J. B.; Holmes, B. N.; Duesler, E. N.;
Leonard, N. J. J. Org. Chem. 1979, 44, 1740.

it is altogether possible that a C5-alkylated adenine would also
be destabilized, the electron-donating 6-amino group might offer
greater hope for the recognition of such a species. The least
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