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tionalized with a fluxional process wherein rotational diffusion
proceeds more slowly than the intramolecular rearrangement
occurring.!® This rate condition may very well be satisfied by
stereoisomerizations involving limiting polytopal forms for
which the degree of deformation required for interconversion
is extremely small. On intuitive grounds, Berry pseudorotation
is the most attractive mechanism to invoke in this regard since,
for TBP molecules having equivalent ligands, it would be an-
ticipated to occur at a very fast rate and does involve a very
slightly polar intermediate configuration.?! Finally, the fore-
going explanation given for the origin of the relaxation ab-
sorption is also quantitatively consistent with ancillary physical
evidence and theoretical expectations relating to this problem;
ie., the Fe(CO)s axial-equatorial exchange is extremely
fast2-2? (no temperature coalescence of NMR spectral lines
can be observed), it is thought to occur down to at least 100
K23, and is believed to be associated with a barrier certainly
<5 kecal mol~!.

In summary, it is realized that the dielectric evidence, con-
sidered in isolation, is in no way conclusive. However, the re-
sults of this investigation, when contemplated in the light of
previous nondielectric studies, appear to be best explained at
present by the fluxional mechanism proposed.

Studies dealing with the possible application of microwave
dielectric relaxation to the elucidation of extremely rapid po-
lytopal rearrangements are continuing in this laboratory.
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Solvent Effects on Protomeric Equilibria:
Quantitative Correlation with an Electrostatic
Hydrogen-Bonding Model

Sir:

The possibility of developing a quantitative model for the
effect of molecular environment on protomeric equilibria is
offered by our recent work which provides the energy differ-
ence between isolated heterocyclic protomers in the gas phase
and in solution.!:2 The energy of transfer of such an equilibrium
from the gas phase to solution may be discussed in terms of the
energies of (1) the interaction of the electrostatic reaction field
of the solvent with the different dipoles of the protomeric iso-
mers (AE.), (2) hydrogen-bond acceptance by and donation
to the solute from the solvent (AEy,, and AEy, ), (3) solvent
cavitation (AE.y), and (4) van der Waals interactions
(AE.qw).>* Previous analyses of protomeric equilibrium
constants have focused on AE¢.,"* a combination of AEy,,
and AEy,, 8 AE,y,7 or on correlation with empirical Z values.®
We wish to report that solvent effects on the protomeric
equilibrium of 6-chloro-2-hydroxypyridine (1a)-6-chloro-
2-pyridone (1b), 2-hydroxypyridine (2a)-2-pyridone (2b).
4-hydroxypyridine (3a)-4-pyridone (3b), 2,6-di-zerz-butyl-
4-hydroxypyridine (4a)-2,6-di-tert-butyl-d-pyridone (4b),
6-chloro-2-thiolpyridine (5a)-6-chloro-2-thiopyridone (5b),
2-thiopyridine (6a)-2-thiopyridone (6b), and 4-thiolpyridine
(Ta)-4-thiopyridone (7b) can be quantitatively analyzed in

£ |

a H

b

la-1b,R=C1;Y=0
2a-2b,R=H;Y=0
5a-5b, R=H;Y = 8
6a—6b, R=Cl;Y=S8
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Table I. Comparisons of Experimental and Calculated Free Energies of Solution
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Equilibrium
la-1b 5a-5b 6a—6b 7a-7b

Solvent AG®caled® AG®exptl  AG°caled” AG%expt AG°caled AGCexpt AG°caled AG®expl
Cyclohexane 1.6 1.6 1.2 1.2 2.2 2.0
Dioxane 2.3 23 —0.13 0.57 0.8 0.96
Carbon tetrachloride 1.5 1.6 1.0 0.84
Benzene 1.5 1.5 0.8 0.57 1.9 1.4
Chloroform 1.0 0.5 -0.3 —0.48 -2.4 1.7 0.8 0.72
Diethyl ether 2.4 =23 -1.0 -0.3 -0.75 —0.36
Ethyl acetate 2.2 2.1 -1.5 -0.9 -2.2 1.5
Tetrahydrofuran 2.3 23 -2.0 -1.1 -0.8 —0.53
Dichloromethane 0.9 0.9 -0.8 —0.63 1.0 0.67 0.22 0.36
1,2-Dichloroethane 0.9 0.93 -0.9 —0.84 1.0 0.71 0.2 0.31
tert-Buty! alcohol 1.5 1.0 1.0 0.28
A-Butyl alcohol 0.77 0.8 0.3 0.18
Isopropy! alcohol 0.96 0.95 0.5 0.21 =32 -2.0
A-Propy! alcohol 0.8 0.82 -0.3 0.18
Ethyl alcohol 0.76 0.80 -32 -2.0 -0.5 0.14
Methane alcohol -0.3 0.6 -0.6 0
Hexamethylphosphortriamide 3.0 223
N,N-Dimethylacetamide 2.3 2.3 2.1 1.3
Dimethyl sulfoxide 24 223
Water -1.9 -1.7 -5.7 -5.8 —4.1 —5.4

4 In kilocalories/mole. ¥ Calculated by expression 2. < Calculated by expression 3.

3¢-3d,R=H;Y=0
dc-4d, R = C(CH,),; Y =0
7¢-7d,R=H;Y =S

terms of the electrostatic and hydrogen-bonding effects as
described ineq 1.

AGosoln - AGovapor = AEe:le: + AEHdo + AEHaC (l)

The protomeric equilibrium constant (Kt = [NH}/[OH})
for la-1b has been determined in 20 solvents by ultraviolet
spectroscopy.” !0 Attempted correlations of log K with pre-
viously suggested solvent parameters are not satisfactory.!!
However, when expression 2 is used the results shown in Table
I are obtained.!! The second term in the equation is the gas-
phase free-energy difference, the third term is the electrostatic
field effect as defined by Onsager,'? and the terms containing
« and (3 are hydrogen-bonding acceptor and hydrogen-bonding
donor terms, both as defined by Taft.!? The constants associ-
ated with @ and 3, which reflect the influence of hydrogen-bond
acceptance and donation by the solvent to the stability of the
isomers, are chosen to provide the best fit to the data. However,
it should be noted that the right side of expression 2 indepen-
dently and correctly predicts the gas-phase energy difference, !+
and the coefficient of the dielectric constant term.!3
e—1

AG® +22=3J<
soln e+ 1

Since hydrogen-bonding interactions similar to those of
la—1b might be expected for the systems 2a-2b, 3¢-3d, and
4c-4d, the constants for the fourth and fifth terms from ex-
pression 2, along with a calculated third term,!3 and the esti-
mated equilibrium constants in water were used in an analysis
of those systems. The available data are quite limited and the
success of the approach is judged by comparison of the calcu-
lated gas-phase energy differences with the independent esti-

) —2.38 + 2.8a keal/mol (2)

mates available for the first two cases. The results are as follows
(isomers, AG®caied, AG expu (keal/mol)): 2a-2b, 0.6, 0.5;!
3a-3b, 5, 7.316 For 4a—-4b, a AG® 4cq of 5 keal/mol is ob-
tained.

Extension of this approach to the equilibrium constants for
the protomers 5a-5hb, 6a—6b, and 7c-7d provide a test in a
system with potentially very different hydrogen-bonding ef-
fects. For example

e— 1
2e+ 1

is obtained for 5a-5b.!! The close agreement between the
calculated and experimental values for 30 points for the three
systems and the agreement between the estimated gas-phase
energy difference of ca. —3 kcal/mol for Sa-5b with that of
an estimate of ca. —2 kcal/mol from gas-phase basicities!®
provide support for this analysis. However, it should be noted
that the two points for 6a—6b in chloroform and ethyl acetate
which do not correlate well suggest the assumed transferability
of coefficients for the hydrogen-bonding terms needs to be
examined further. If it is assumed for that case that those terms
have opposite signs, the calculated points are brought within
0.7 kcal/mol of the experimental values and the other points
are unaffected.

This analysis of solvent effects on protomeric equilibria
provides a physically based model which quantitatively cor-
relates the effect of molecular environment on molecular
energies. It appears to be useful in estimating gas-phase
equilibria and in assessing both the effect of the electric field
and of hydrogen-bond donation and acceptance of the solvent
on isomer stability. While the model is clearly rudimentary,!”
the prospect of understanding solvent effects on protomeric
equilibria in terms of these specific interactions is intriguing
and subject to further testing.

AG®sin — 2.9 = 8.5 ( ) ~3.28 = 3.9a keal/mol (3)
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Sphingolipid Base Metabolism.

Concerning the Origin of the Oxygen Atom at
Carbon Atom 4 of Phytosphingosine!

Sir:

Sphingolipid bases are major constituents of a variety of
biologically important classes of complex lipids of eukaryotes
including ceramides, sphingomyelins, gangliosides, and other
complex glycosphingolipids, One of the major sphingolipid
bases, from which these complex sphingolipids are derived, is
phytosphingosine? (I). The great majority of studies of the
biosynthesis of this compound have utilized Hansenula ciferrii
(IT), a yeast which excretes large quantities of I in the form of
its tetraacetyl derivative.># The precise nature of the enzymatic
reactions leading to the formation of I are unclear. Some
possible modes of formation of I3 are illustrated in Figure 1,
Greene et al.% have demonstrated the incorporation of the label
of [9,10-3H]palmitic acid (IIT) and of [3-!4C]serine into I by
II. Under the same conditions, the label of [9,10-3H]-a-hy-
droxypalmitic acid was not efficiently incorporated into I. The
enzymatic formation of Iin a cell-free preparation has not been
reported. However, it has been shown that microsomal prep-
arations of II catalyze the pyridoxal phosphate-dependent
condensation of serine and palmityl coenzyme A to yield 3-
ketosphinganine which is then reduced, in an NADPH-de-
pendent reaction, to give dihydrosphingosine”® (IV). While
the formation of sphingosine® (V) has been shown to occur in
this system when 2,3-trans-hexadecenoyl coenzyme A was
used as the substrate, no formation of I could be detected when
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OH OH NH,

R=Ci3H3z7
Figure 1.

a-hydroxypalmityl coenzyme A was used as the substrate.® It
has been suggested that [ of 11 is formed via a hydroxylation
of 1V.10 The combined results of two laboratories!%!! have
indicated that the major, if not exclusive, pathway involved in
the incorporation of 111, by 11, into I occurs with the loss of only
one hydrogen atom (from C-2) of 111 and that this hydrogen
has the pro R configuration. These findings appear to preclude
a mechanism which involves the formation of I by hydration
of the double bond of V (or an unsaturated precursor of V) but
are compatible with a mechanism which involves a stereo-
specific hydroxylation at C-4 of IV (or a precursor of V).
However, the latter mechanism has appeared to have been
excluded by the results of two laboratories which have indi-
cated that the oxygen at C-4 of | was not derived from mo-
lecular oxygen.'!'!2 The purpose of this communication is to
report the results of a reinvestigation of the possible incorpo-
ration of molecular oxygen into the hydroxyl function at C-4
of Iin its formation in I1.

The tris(O-trimethylsilyl)-N-acetyl derivative of | was
chosen as a suitable compound on which to base the assay of
the extent of incorporation and localization of labeled oxygen
in I. This selection was based upon the results of mass spectral
analyses of the above derivative of authentic I, the same
compound containing perdeuterated trimethylsilyl functions,
and of [(4R)-'30]-1. The latter compound was synthesized
from tribenzoyl-V by a modification of an approach described
by two laboratories!?!* (Figure 2). This synthesis involves
epoxidation of tribenzoyl-V, reduction of the resulting product
with lithium aluminum hydride, and subsequent hydrogenol-
ysis of the resulting N-benzyl derivative to give the free base.
Our results indicate that the procedure yields four compounds
(as shown in Figure 2) which could be resolved from each other
by medium-pressure chromatography of the N-acetyl deriv-
atives on silicic acid columns.!3 These compounds were char-
acterized by melting point determination and low and high
resolution mass spectral, infrared, optical rotation, chroma-
tographic, and chemical degradation studies'>. The corre-
sponding compounds labeled with '8Q in either the 4 or 5 po-
sitions were prepared as outlined in Figure 2 except that
180-labeled m-chloroperbenzoic acid!'® was used.

The mass spectrum of the tris{O-trimethylsilyl)-NV-acetyl
derivative of 1 did not show a significant molecular ion but did
show an ion of high abundance at m/e 560. The results of high
resolution mass spectral analysis of this derivative of I and the
results of low resolution analyses of the corresponding M3Si-dg
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