J. Am. Chem. Soc. 1985, 107, 6723-6724 6723

Treatment of the tris(diisopropylammonium) salt of 8 (0.4
mmol) in dichloromethane (10 mL) with methyl iodide (1 mmol)
at room temperature in the presence of 2-O-benzyl-(S)-
propane-1,2-diol (8-fold excess) gave ['¢0,170,130] isotopically
labeled 2-O-benzyl-1-phospho-(S)-propanediol (4c) in ca. 50%
yield. The stereochemical analysis of the resulting 1-
['0,170,130] phospho-(S)-propane-1,2-diol following removal of
the benzyl group by hydrogenolysis is shown in Figure 1B. The
pattern expected for total inversion of configuration at phosphorus
can be predicted on the basis of the usual assumptions.!! Com-
parison of the two spectra in Figure 1 clearly shows that the
phosphoryl transfer from P!,Pl-disubstituted pyrophosphates to
alcohols in aprotic solvents must proceed with considerable rac-
emization of configuration at phosphorus. The amount of
phosphoryl transfer proceeding with retention of configuration
required to account for the observed ratios appears to be ca. 35%
which would correspond to ca. 70% proceeding through a pathway
involving racemization. The excess of the S, configuration (ca.
30%) at phosphorus would arise from phosphoryl transfer oc-
curring with inversion of configuration.

The observation that the phosphoryl-transfer reaction for which
there is good evidence in favor of a metaphosphate-like inter-
mediate occurs with significant racemization of configuration at
phosphorus may indicate a relatively “free” metaphosphate but
could also accord with a preassociation mechanism!212 if the
nucleophile is not constrained to approach in line with the leaving
group in a preassociation reaction. The contrast of this result with
the previous studies in aqueous methanol may indicate a significant
difference in reactivity in protic and aprotic solvents. Furthermore,
it should be stressed that these studies have been conducted in
comparatively dilute solution of both metaphosphate precursor
and trap.
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Chemical trapping studies have shown? that ultraviolet light
irradiation of «,3-unsaturated ketones such as 1a yields a Z dienol
(e.g., 2a). In the absence of a trap 2a reverts to 1a so that the
ketone appears to be photochemically inert, as do aromatic ketones
such as 5 which produce? transient photoenols 6a and 6b. Gen-
eration of 2a in the presence of a base® produces the dienolate
3a which can be reprotonated at carbon to yield the 3,y-unsat-
urated isomer 4a. It has been proposed>S by analogy?® with the
aromatic systems such as 6 that the noncatalyzed reketonization
pathway of 2a leading exclusively to 1a is a 1,5-sigmatropic hy-
drogen shift occurring from the syn conformer of 2a. This paper
reports the results of a study in which the Z dienols were generated
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from 1a and 1b and the decays of the corresponding dienolates
were monitored by using the technique of flash photolysis, thus
enabling an estimate to be made of the rates of the noncatalyzed
and base-catalyzed processes for reketonization and also of the
pK’s of the dienols.

Flash photolysis’ of 1a and 1b in basic aqueous solution pro-
duced transient species with absorption maxima at 290 nm, as-
signed by analogy with the spectra of enolates® to the dienolate
chromophore. First-order decay of the transients was observed,
the rate constants increased with increasing pH and were too small
for the transients to be assigned to the triplet excited states of
the ketones. The initial intensities of the transients’ absorptions
declined as the pH was lowered and no absorption was seen below
pH 9.5. These results are consistent with the generation of a dienol
which rapidly equilibrates during the lamp flash with a dienolate;
the observed initial intensities of the transients reflect the pro-
portion of dienol and dienolate present at equilibrium, and the
variation of the decay rate constant reflects competition between
the processes designated k, (noncatalyzed reketonization of the
dienol) and kg (protonation of the dienolate by water) in Scheme
L

It can be shown® for the system in Scheme I that the dienolate
3 should decay according to eq 1, where [2]° is the initial con-

[3] = _KE:&_e—XI (1)
K + [HY]
K [H*]
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koK
= K + [H*] <)
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A= (kg-k)d + k, 4)

centration of the dienol prior to equilibration with the dienolate,
and X is the dienol-dienolate equilibrium constant. The parameter
A is defined by eq 2. If equilibration of the dienol with the
dienolate is rapid relative to K and k,, A corresponds to decay
of the dienolate and dienol with a common lifetime whose mag-
nitude is governed by the proportions of the dienol and dienolate
present. This is determined by the pH of the medium. At higher
pH eq 2 reduces to eq 3; thus measurement of A as a function
of [H*] at high pH allows an estimate of the values of K and k.
Once X is known, k, can be determined by using eq 4, which is
obtained from eq 2 by the substitution d = K/(K + [H*]).

(1) Contribution number 349 from The Photochemistry Unit, the Univ-
ersity of Western Ontario.

(2) Financial support was provided by Imperial Oil Limited, the Academic
Development Fund of the University of Western Ontario, and the Natural
Sciences and Engineering Research Council of Canada.

(3) Wan, C. S. K,; Weedon, A, C. J. Chem. Soc., Chem. Commun. 1981,
1235,

(4) Haag, R.; Wirz, J.; Wagner, P. J. Helv. Chim. Acta 1977, 60, 2595.

(5) Eng, S. L,; Ricard, R.; Wan, C. S. K.; Weedon, A. C. J. Chem. Soc.,
Chem. Commun. 1983, 236.

(6) Skinner, I. A.; Weedon, A. C. Tetrahedron Lett. 1983, 4299. Weedon,
A. C. Can. J. Chem. 1984, 62, 1933, Duhaime, R. M.; Lombardo, D. A ;
Skinner, I. A.; Weedon, A. C. J. Org. Chem. 1985, 50, 873.

0002-7863/85/1507-6723801.50/0

(7) Solutions were 0.5 X 10™* M in ketones 1a or 1b and contained po-
tassium hydroxide as the base and sufficient KCl to maintain an ionic strength
of 0.10. The water used was triply distilled and boiled under N, to remove
dissolved CO;. Fresh solutions were used for each flash; purging with N, or
use of oxygen-saturated solutions gave identical results. The photoflash was
of 20-us duration and 50-J energy. Values of X are the averages of at least
three determinations in all cases. All determinations were made at 23 °C.

(8) Haspra, P.; Sutter, A.; Wirz, J. Angew. Chem., Int. Ed. Engl. 1979,
18,617. Chiang, Y.; Kresge, A. J.; Tang, Y. S.; Wirz, J. J. Am. Chem. Soc.
1984, 106, 6392.

(9) Birks, J. B. “Photophysics of Aromatic Molecules”; Wiley-Interscience:
New York, 1970; pp 809, 541. Nordin S.; Strong, R. .. Chem. Phys. Lett.
1968, 2, 429.

© 1985 American Chemical Society



6724 J. Am. Chem. Soc. 1985, 107, 6724-6726

[¢] 1 2 3 4 5 8 7
10 15
9 1 L’ H14
8 13
7 F12
3 a4
19 2
Y 2

5 1 l 10

4 9
R ) 8
2 7
- r —r - ; T
0 1 3 4 5 6 7

[H*] x 10" ™
Figure 1. Plot of reciprocal of first-order decay rate constants for the

dienolates 3a and 3b in water against proton concentration. Upper line
3b; lower line 3a.

Fitting values of A measured at low [H*] to eq 3 for both 1a
and 1b (Figure 1) yields values of K and kg of (3.80 £ 0.17) X
101 and 539 £ 17 s7! for 1a and (1.07 £ 0.5) X 10-'! and 1184
% 21 s7! for 1b, respectively. The values of the constants corre-
sponding to X and kg for acetophenone enolate are 4.6 X 10711
and 7 X 107, respectively.?

By use of the values of K obtained, the values of d were cal-
culated and plotted against A according to eq 4 (Figure 2) to yield
k, and a further estimate of ks For 1a, k, obtained from the
intercept is indistinguishable from zero within error, corresponding
to an upper limit of ca. 5 s™, while for 1b &, is 40 = 13 57!, The
gradients of the lines yield values of k4 identical with those de-
termined at high pH from eq 3.

The magnitude of &, for 1b indicates a dienol lifetime in water
at room temperature of ca. 0.02 s, while the value for 1a is at least
an order of magnitude greater.!® The lifetime of 1b is in contrast
to the lifetimes of simple enols which are stable, observable species
in the absence of catalysts.!!  This difference supports the
proposition that dienols can reketonize by a noncatalyzed pathway
(the proposed 1,5-sigmatropic hydrogen shift) whereas for simple
enols no noncatalyzed pathway is available (the necessary anta-
rafacial transition state for a 1,3-hydrogen shift is unattainable
for first-row elements).

The values of &, for 2a and 2b are much slower than those for
the analogous process of the dienols produced photochemically
from o-alkyl aromatic ketones. In the case of 6a this process occurs

CH

~u OH =
> N

5 6a 6b

at a rate of 10° s7! in water.’ The large difference presumably
reflects two factors: in 2a and 2b the dienol is free to adopt a
transoid conformation unfavorable for the 1,5-hydrogen shift,
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Figure 2. Plot of first-order decay rate constants for the dienolates 3a
and 3b in water against fraction of dienolate present in the dienol-dien-
olate equilibrium. Upper line 3b; lower line 3a.

whereas in the aromatic system the dienol is held in a cisoid
orientation; also, in the aromatic system the reketonization reaction
of the dienol is much more exothermic than is the case with 2 as
the system is also rearomatizing. Application of Hammond
postulate arguments predict that 6a should therefore reketonize
faster than 2.

The larger value of k, for 1b as compared with 1a suggests that
the sterically hindering methyl groups in 1b encourage the adoption
of a cisoid conformation of the dienol and implies that the dienol
1a is more stable in the transoid orientation. This is supported
by the observed effects of substitution upon the efficiency of
photochemical deconjugation of unsaturated esters® and by the
experimentally observed preferential adoption of transoid con-
formations!2 by dienes.
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This paper concerns the structural effects of spin—orbit coupling
(SOC) as a mechanism of intersystem crossing (isc) in triplet-
derived biradicals. First we show that SOC is strongly enhanced
in biradicals with an acyl terminus relative to biradicals with only
hydrocarbon termini. Second, we present evidence that, even for
long chains, biradicals containing an acyl terminus prefer to
undergo isc in conformers with small end-to-end distances. This
appears to be a direct result of the dominance of SOC over
electron—nuclear hyperfine coupling (HFC) in the isc process.

We have measured lifetimes (7) of the biradicals in eq 1-3 by
monitoring their nanosecond transient UV absorption at 320 nm.’
All biradicals were characterized by their transient UV absorption
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