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reacticn. This latter observation requires a negative bond dis-
sociation energy for the dimer cation radical' and, as such, in-
validates the basic assumption of the kinetic argument. On the
other hand, one need only make the reasonable assumption that
the reorganization energy of the ammonia dimer cation radical
is larger than that of quinuclidine, for the reorganization energy
hypothesis to unify the ammonia and the quinuclidine dimer cation
radical results in a single principle.

In summary, the previously anomalous behavior of amines
toward group 15 dimer cation radical formation can now be
explained by their uniquely planar monomer cation radical
structures and the distortion energy required to form a nonplanar
dimer cation radical.
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The primary metabolic pathway (Scheme I) leading to the
active form of vitamin D, namely 1a,25-dihydroxyvitamin D; (4),2
formally incorporates two classical pericyclic processes. These
include the photochemical electrocyclic ring opening of 7-
dehydrocholesterol (1) to previtamin D; (2) and then the thermal
transformation (a [1,7]-sigmatropic hydrogen shift) of previtamin
Dj; to vitamin D, (3). The latter transformation in solution has
been well studied.> In 1965, Akthar and Gibbons firmly estab-
lished the pathway of the thermal transformation through studies
using C-19 tritium-labeled materials.* In 1979, Mazur and
co-workers synthesized 19,19-dideuteriovitamin D; and reported
that the transformation of previtamin D; to vitamin D; occurs
with an exceptionally large primary deuterium kinetic isotope
effect (ky/kp) of ~45 at 80 °C.>  Our interest in studies of
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Table I. Summary of Kinetic Data for 5 and 7

substrate T °C kb x 104, 57! ku/kp*
Sa (15-d,) 80.35 7.67 (£0.34)  6.06  0.02
Sb (15-ds) 80.35 1.25 (£0.04)

7a (1R-d,) 80.35 6.20 (£0.15) 6.13 £ 0.21
b (1R-d)  80.35 1.02 (£0.06)

2£0.05 °C. ®The errors are maximum errors (absolute deviations
from the mean). °For the previtamin D to vitamin D transformation at
80.35 °C.

19,19,19-trideuteriated derivatives of previtamin D; and their
various 1-hydroxylated counterparts stems from the possibility
of utilizing previtamins as biochemical or chemical research tools.
It was anticipated that a heavy isotope at C-19 would attenuate
the rate of the [1,7]-sigmatropic shift so as to facilitate handling
of the thermally unstable previtamins. Thus, in the case of
1a,25-dihydroxyvitamin D, (4), its previtamin form might be
anticipated to exist in nature, and its more stable 19,19,19-tri-
deuterio counterpart would facilitate evaluation of its biological
profile. Moreover, the latter might have practical application as
a “slow release™ source of the highly potent, and potentially toxic,
natural hormone 4. In this communication we describe our initial
studies in this area through kinetic investigations of the isomer-
ization of 3-deoxy-1-hydroxyprevitamin D; epimers § and 7
(Scheme I1),% a [1,7]-sigmatropic shift model for the previtamin
form of the natural hormone.

The synthesis of the previtamins used in this study is outlined
in Scheme III. Grundmann’s ketone 9a (or 9b; available by three
cycles of base-catalyzed exchange of the acidic protons of 9a with
NaOCHj;, CH;0D) was reacted with the monoanion of bis(tri-
methylsilyl)acetylene and subsequently benzoylated to give 10a
(or 10b). Flash vacuum pyrolysis (FVP) of the benzoate 10a (or
10b) yielded the CD-ring fragment 11a (or 11b), which was
coupled to A-ring fragment 12a (or 12b).” Subsequent Lindlar
hydrogenation of the resulting 13a (or 13b) gave the previtamin
ketone 14a (or 14b), which was reduced to the previtamins 5a and
7a (or 5b and 7b). The epimeric previtamins were separated and
then stored at —80 °C.

Overall deuterium incorporation was measured at each stage
by mass spectroscopy and was found to be >98% complete. Site
specific deuterium incorporation was checked by '"H NMR and
proved to be complete within the limits of detection. The kinetic
studies were performed in a manner previously described.®? Stock
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Table II. Activation Parameters® for the Previtamin D — Vitamin D Transformation

substrate E\¢ log A° AG*? AH* AS*
5a (15) 18.8 (£0.07) 8.5 (£0.03) 25.9 (£0.1) 18.1 (£0.1) -22.2 (£0.1)
7a (1R) 191 (£0.5) 8.6 (£0.2) 26.1 (£0.7) 18.4 (£0.5) -21.7 (20.6)
previtamin D,* 19.1 (£0.5) 8.5 (£0.2) 26.3 (£0.7) 18.4 (£0.5) -22.2 (£0.6)

At 80.0 °C. The rate constants were determined over the temperature range, 60.55-87.70 °C (£0.05 °C). “kcal/mol. “A in s™. 4cal/mol K.

¢Data at 80.0 °C from ref 3a.
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¢1. TMS-CC-TMS/MeLi, LiBr, THF; 2. Benzoy! chloride (neat),
-78 °C to RT, room temperature (10a, 91%; 10b, 86%); (ii) FVP,
quartz tube with quartz chips, 480 °C, N, flow, 5 mmHg vacuum
(11a, 51%; 11b, 40%); (iii) MeLi/LiBr/THF; 12; HOAc/H,0 (13a,
71%; 13b, 79%); (iv) Lindlar catalyst, quinoline, benzene (14a, 89%;
14b, 88%); (v) NaBH,, CeCl;, methano! (5a, 49%; 7a, 33%; Sb, 36%;
b, 28%).

solutions of the previtamins in isooctane (107 molar) were pre-
pared, and aliquots were introduced into capillary reaction vessels,
which were then sealed and stored at —80 °C. No detectable
isomerization or decomposition of previtamin was noticed for
samples handied in this manner. For the kinetic measurements,
each sample during heating was removed at appropriate time
intervals and was immediately cooled to —80 °C and later analyzed
by analytical HPLC (10% ethyl acetate in hexanes, Waters Ra-
dial-Pak; calibrated silica cartridge column, UV detection at 254
nm). Peak areas were integrated by using the cut and weigh
method. The weights obtained were transformed into concen-
trations by using the measured extinction coefficient at 254 nm
for each of the species: 5a or Sb, ¢ = 8900; 6a or 6b, ¢ = 16 300;
7a or b, e = 8200; 8a or 8b, ¢ = 16800. A plot of In [fraction
of starting material remaining] versus time [s] (followed to a low
20-30% conversion) afforded a straight line with slope -k rep-
resenting the first-order rate constant. In one study, the product
composition determined by 'H NMR integration (C-18 angular
methyl group) proved identical (within & 3%) with that determined
by the HPLC integration method.

The kinetic isotope effect data and activation parameters for
5 and 7 are summarized in Tables I and II, respectively. The
activation parameters for 5a and 7a, both of which bear C,—~OH
groups, are very similar to those previously reported for isomer-
ization of the parent previtamin Ds, which bears a C;-OH group.
However, the isomerization of 5 and 7 to their corresponding
vitamin D forms occurs with a primary kinetic isotope effect,
kyn/kp, of ~6, nearly an order of magnitude smaller than that
reported for previtamin D;. The ky/kyp value of ~6 (80 °C)
reported in this study is thus not particularly unusual in magnitude
and only modestly larger than the values 2.6-4.0 (at 98.6 °C)
recently reported by this laboratory for a [1,7]-sigmatropic shift
in a different heptatriene system.® The parent previtamin D;
isomerization (2 — 3) for which the large ky/kp of ~45 was

reported clearly needs to be reevaluated.’
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The surface chemistry of nitric oxide (NO) has been the focus
of intense study due, in part, to its importance in environmental
concerns.! These investigations have emphasized the charac-
terization of the molecular structure of NO on surfaces,? dynamics
of dissociation,? factors (substrate geometry, presence of other
adsorbates, temperature, etc.) affecting dissociation or activation,*
and reaction with other adsorbates.® Of relevance to these studies
is the investigation of small metal cluster ions in the gas phase.®
Techniques have been developed that allow both the size of the
cluster and the presence of adatoms or molecules to be controlled
and their effects on reactivity monitored. As an example we
recently reported that Co,NO™* undergoes oxide transfer to CO,
process 1, whereas Co,(CO)NO*, Co,NO*, and Co,NO* are
unreactive with CO.’
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