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glycine residues in the glycylalanine polypeptides
studied and found that the glycine residues were more
reactive than the alanine residues, thus indicating that
the selectivity of the process to glycine residues was
preserved from the dipeptides to the polypeptides. The
results of these studies are summarized in Table II.

Table II.  Selectivity in the Photoalkylation of Polypeptides
Containing Glycine and Alanines

Phe :MePhe?-4
per residue of
respective starting

Nle:MeNlec-4
per residue of
respective starting

Polypeptide amino acid amino acid
[L-Ala-Gly-L-Ala], 30:1
[(DL-Ala).(Gly)s] (9:1) 30:1 9:1
[(DL-Ala)n(Gly),] (77:23) 15:1 14:1
[(DL-Ala), (Gly),] (57:43) 8:1 13:1

e Obtained by multiplying the absolute ratio of the products by
the ratio of Ala:Gly in the starting polypeptide. ? 2-Methyl-
phenylalanine, resulting from alkylation of alanine residues with
toluene. ¢ 2-Methylnorleucine, resulting from alkylation of alanine
residues with 1-butene. ¢ The amino acid composition in the
product was determined by acid hydrolysis, esterification with
1-butanol followed by trifluoroacetylation, and analysis by glpc
[C. W. Gehrke and F. Shahrokhi, Anal. Biochem., 15, 97 (1966)].

The a-carbon atoms of two adjacent amino acids in
polypeptides are in a 1,4 relationship with each other.

1 2 3 4
(-NHCHRCONHCHRCO-)

This leads to an asymmetric induction process, when
one of these a-carbon atoms is chiral, with the chiral
center as the asymmetric agent. We have already
shown® that the generation of a chiral center at the
glycine residue in glycylalanine and glycylleucine di-
peptides during conversion of that residue to norleucine
involves the occurrence of asymmetric induction. We
have found that the formation of phenylalanine in the
reaction of [L-Ala-Gly-L-Ala], with toluene involves the
predominant production of the L enantiomer (70 %)
while the p enantiomer is the minor product (30%).
It is noteworthy that in glycylalanine dipeptides hardly
any asymmetric induction could be detected in similar
reactions with toluene.® In the reaction of (L-Pro-
Gly-L-Pro), and toluene the phenylalanine formed con-
sisted of 689 of the D enantiomer and 329 of the L
enantiomer. It is assumed, therefore, that the location
of the glycine residue and the conformation of the
polypeptide affects the selectivity of the reactions and
the asymmetric induction. Work is in progress toward
the determination of these relationships.

Spectral determinations indicated that in these photo-
alkylation reactions acetone serves as the light-absorb-
ing system. Product analysis indicated the involve-
ment of free-radical intermediates.” The reaction se-
quence can thus be formulated as follows.
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I I I L-butene I N

(IJHZ m . l ~——— CHCH,CHCH,CH; etc.
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(8) 1. Sperling, unpublished results.

The reactions of the polypeptides and toluene follow
a similar path involving polypeptide and benzyl free
radicals which are generated simultaneously in the
reaction mixture. The detailed mechanism is dis-
cussed elsewhere.”

The application of these reactions for the modification
of glycine-containing proteins is in progress.
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Concentration Dependence of the Efficiency of
Energy Transfer from 3(w,7*) Aromatic Ketones!
Sir:

Aromatic carbonyl compounds with low-lying =, m*
triplet states exhibit long triplet lifetimes and low reac-
tivity in photoreduction and Norrish type II cleavage
reactions.?~® These properties and the high-triplet
energies of these compounds make them quite at-
tractive as sensitizers in processes in which chemical
reactions of 3(n,7*) sensitizers are undesirable. We
wish to report that the efficiency of triplet energy transfer
from ¥ w,r*) aromatic ketones is concentration de-
pendent and to introduce a note of caution concerning
the use of such sensitizers as probes of mechanism.

An interest in the use of *(m,7m*) sensitizers in the
photoaddition of 4,4-dimethyl-2-cyclohexenone to ole-
fins led us to examine p-methoxyacetophenone, m-
methoxyacetophenone, 3,4-methylenedioxyacetophen-
one, and thioxanthone as sensitizers. Each of the sub-
stituted acetophenones has been shown to have a low-
lying 7, 7* triplet.2 The photoisomerization of 4,4-di-
methyl-2-cyclohexenone to 6,6-dimethylbicyclo[3.1.0]-
hexan-2-one (46%7) and 3-isopropyl-2-cyclopentenone
(54 %) was selected as a test system.”

The reaction is quenched by di-f-butylnitroxide giving
a linear Stern-Volmer plot with slope 28.5 = 1.8 M~!
and is sensitized by benzophenone and acetophenone.
The yield of products in the sensitized rearrangement
does not vary by more than 2 9 from the direct irradia-
tion. The efficiency of energy transfer from these
%n,m*) sensitizers is not concentration dependent.
The rearrangement thus proceeds via a triplet excited
state of 4,4-dimethyl-2-cyclohexenone. When sensi-
tizers with low-lying =, 7* triplet states were used, the
efficiency of energy transfer was found to be strongly
concentration dependent. The results for p-methoxy-
acetophenone, m-methoxyacetophenone, 3,4-methylene-
dioxyacetophenone, and thioxanthone are summarized
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Table I. Concentration Dependence of the Efficiency of
Energy Transfer

Concn, Trad,’
Sensitizer M Do/Peons® Preant sec
p-Methoxyacetophenone 0.10 1.03
0.30 1.08 0.04 0.38
0.65 1.05
1.00 1.29
m-Methoxyacetophenone 0.02 1.04%
0.10 1.14
0.20 1.39 0.006 0.71
0.60 2.25
1.00 3.09
3,4-Methylenedioxy- 0.01 1.40
acetophenone? 0.05 1.58 0.002 1.20
0.10 2.31
0.20 3.02
Thioxanthoned 0.005 1.65
0.01 2.59

e ®, = 0.014 at 43°, 3025 A, [4,4-dimethyl-2-cyclohexenone] 0.10
M in t-butyl alcohol. Quantum yields were measured on a linear
apparatus employing a Bausch and Lomb monochromator with the
band width (at base) set at 440 A or less. Samples were carried to
3-597 total conversion. °? Sensitizer absorbed 9577 of light in this
case. In all other runs the sensitizer absorbed more than 999 of
the light. ¢ Data for the substituted acetophenones are taken from
ref 2. < Higher concentrations were not possible because of solu-
bility limit,

in Figure 1 and Table 1. It is immediately clear from
these data that quite erroneous mechanistic conclusions
can be drawn from sensitization data in which the con-
centration dependence of the efficiency of energy transfer
has not been studied.

The reasons for the concentration dependence of
triplet energy transfer from ,7* triplets are not entirely
clear. Two possibilities come immediately to mind,
excimer formation and self-quenching. In the case of
m-methoxyacetophenone it is possible that excimers are
formed. The wavelength maximum of the phospho-
rescence of m-methoxyacetophenone is concentration
dependent and shifts from 445 nm (10-¢ M in EPA)
to 476 nm (5.0 M in EPA). If the excimer has a triplet
energy too low for efficient energy transfer to the sub-
strate, competing excimer formation would explain the
concentration dependence of ®/®Pg.,s. Alternatively,
short-lived triplet excimers which deactivate to ground
state would account for the concentration dependence.
This is, in essence, just a mechanism for self-quenching.
It is clear from Table I that the degree of concentration
dependence of triplet energy transfer observed with the
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Figure 1. Concentration dependence of the efficiency of energy

transfer: A, p-methoxyacetophenone; O, m-methoxyacetophenone;
A, 3,4-methylenedioxyacetophenone; @, thioxanthone.

four ketones studied follows the trend of decreasing
reactivity in photoreduction and increasing triplet
lifetime. Excimer formation could also be a factor
in both reactivity and lifetime of m,7* triplets.

The plots shown in Figure 1 are consistent with the
mechanism in Scheme I, where S = sensitizer, K =
4,4-dimethyl-2-cyclohexenone, ¢ = intersystem crossing
efficiency for 4,4-dimethyl-2-cyclohexenone, ¢’ =
intersystem crossing efficiency of the sensitizer. Using
the steady-state assumption for all excited states, this
mechanism leads to the expression

@y _ elks + kK] + &S]

q)sens - ® ,k4[K]

If one assumes that the ratio of the intersystem crossing
efficiencies of 4,4-dimethyl-2-cyclohexenone and sensi-
tizer is unity,® the slope of the ®¢/Peens vs. [S] plots is
given by k;/k{K]. Using an estimated rate constant
(k) for the diffusion-controlled triplet energy transfer
from sensitizer to 4,4-dimethyl-2-cyclohexenone, it is

possible to obtain approximate values for k;. These

values are given in Table II.

Table II. Approximate Values of k2

Sensitizer k1, M~ sec™!

p-Methoxyacetophenone 9 X 107
m-Methoxyacetophenone 8 X 10®
3,4-Methylenedioxyacetophenone 4 X 10°
Thioxanthone 6 X 101

o The value of k4 (3.7 X 10° M~! sec—1) was estimated using the
Debye equation, [K] = 0.10 M. Slopes were taken from computer-
plotted least-squares lines,

Sensitizer concentration effects have been neglected
rather generally in studies of photosensitization. The
present results make it clear that these effects can be
very significant and that they must be considered.
Thus far, the effect has been observed only with 3(w,7*)
sensitizers, but it may not be limited to these cases.
Conclusions based on earlier studies in which high con-
centrations of 3(w,7*) sensitizers were used with little

(8) This is a very plausible assumption because both numbers should
be between 0.5 and 1,0, probably very close to the latter figure,
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or no sensitization observed should be reconsidered.
Triplet counting experiments and thus intersystem-
crossing efficiencies could also show concentration
effects.
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A Reversible Complex of Nitrous Oxide with Cobalt(Il)
Type-A Synthetic Zeolite
Sir:

Spectroscopically and chemically well-defined com-
plexes have been observed in the Ni''A zeolites.! The
Nil ions in a trigonal, almost planar coordination in
the zeolitic network combine with various molecules
such as olefins, acetylene, cyclopropane, and molecules
having a permanent dipole. The Co™ ions have now
been found to have similar properties, the spectral
changes due to the complex formation being particularly
striking.

One of the most interesting examples is the adsorption
of nitrous oxide on a dehydrated Co'A zeolite which
results in a spectral change shown in Figure 1.
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Figure 1. Spectrum of dehydrated, partially exchanged, CollA

zeolite without (curve 1) and with (curve 2) adsorbed nitrous oxide.
The ColA zeolite contained approximately one Co!! ion in one
large cavity. N,O was added at a pressure of about 400 Torr.
F(R=) = (1 — Rx)?2R- is proportional to the absorption coeffi-
cient (K. Klier, Catalysis Rev., 1, 207 (1967)) and the wave number
on the abscissa axis is given in cm~! 104,

In analogy to the NillA zeolite, the spectrum 1 is
interpreted as that of the Co!! ions in an almost planar
trigonal coordination to the zeolitic oxygens, the bands
I and II being caused by the spin-allowed d,., d., — d,,,
d,»,. transitions and the band III, by a d.. — d.,
d,~,. transition.* The presence of an adsorbed mole-

(1) K.Klier and M, Ralek, J. Phys, Chem. Solids, 29,951 (1968).

cule on the z axis perpendicular to the plane of oxygen
ligands will primarily affect the energy of electrons in
the d,. orbital with the result of shifting the band III
to lower energies (Figure 1, curve 2). Since there are
no signs of the residual Co™A spectrum 1 in the spec-
trum 2 of the N;O-Co™A complex, it is concluded that
all cobaltous ions have reacted with one nitrous oxide
molecule each. Nitrous oxide can be desorbed by
pumping at 50°, whereby the spectrum 1 is completely
regenerated. Analysis of the desorbate shows that only
N,O molecules are present under these conditions.
Therefore, the N,O molecule as a whole, and not its
fragments, is the reversible ligand to the Co™’A zeolite.

At elevated temperature (150°), however, the nitrous
oxide molecules decompose over the CoMA zeolite,
and an equimolar mixture of 2N, + O, is formed.
The cobaltous ions are not oxidized during this process
but evidently are catalyzing it. Since there is approxi-
mately one cobaltous ion in one cavity, the first product
of Ny;O decomposition must be a nitrogen molecule
and an oxygen atom. We propose that this system
offers interesting applications in selective oxidation
catalysis, having the advantage of both separability
of a heterogeneous catalyst from the reactants and
uniform energetics of the reactant molecules known so
far only in homogeneous catalysis.

(2) These assignments are meaningful since it has been shown (R,
Polak and K. Klier, ibid., in press) that the low symmetry field behaves
as a strong ligand field in all relevant cases.
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Alkyl Hex-2-enopyranosid-4-uloses.
A New Class of Unsaturated Pyranosides
Sir:

This communication describes some stable, crystal-
line alkyl hex-2-enopyranosid-4-uloses (2), the first re-
ported examples of incorporation of an «,3-unsaturated
ketone functionality with high yield into an alkyl
pyranoside unit.! These molecules are intriguing be-
cause the potential they possess for syntheses originating
with «,8-unsaturated carbonyl compounds can now be
explored as routes to the pharmacologically important
branched-chain and amino sugars, the latter being
important components of many major antibiotics.®*

The allylic hydroxyl group of recently synthesized
1a® was, as expected, readily oxidized by manganese
dioxide®3 to ketone 2a (509 yield; mp 70°; [«]*®D
—7.7° (¢ 1.02, CHCl3); Apmax (log €) 277 (4.17), 219 mu
(4.09);  vgmay 5.51, 599 w). The ethyl analog 1b
obtained from 1¢®1° by selective benzoylation (¢f

(1) Some interesting related systems have been reported, ? particularly
one?® which is formally the monoenol ester of an o diketone.
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data,

Journal of the American Chemical Society | 91:19 | September 10, 1969



