Communications to the Editor

and thin layer chromatographic mobility.!# Further, coupled
gas chromatographic-mass spectral measurements of the
trimethylsilyl ether-methyl ester derivative of synthetic and
naturally derived HETE gave identical results, both with re-
gard to GC retention time and mass spectrum.!!# Since !H
NMR data for 1 and 17 have not previously been reported,
some of the characteristic peaks for 17 are presented here
(CDCl; as solvent): H-10, 6.55 (d of d, /10,11 = 15 Hzand Jg 19
=10 Hz); H-9,5.95 (t, Js,5 = Jo,10 = 10.5 Hz); H-11, 5.70 (d
of d, J10,11 = |15 Hz and J11,12 =6 HZ); H-(5,6,8,14,15),
5.3-5.5 (m), H-12, 4.2 (q, J11,12 = J12,13 =6 HZ); COOCH},
3.65 (s); H-7, 2.90 (br t); H-2,2.30 (t, J,3 = 6 Hz); and H-20,
0.87 ppm (br t).

The methyl ester 17 was observed to be weakly dextroro-
tatory, [@]?°p +1.50° (¢ 0.2, CHCI;). Hydrolysis of the ester
17 with aqueous alcoholic base readily afforded the corre-
sponding free acid 1 (HETE).

The synthesis of HETE described above not only allows the
preparation of larger amounts of this substance, but it also
confirms completely the original! structural and stereo-
chemical assignment.!3
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Crown Ether Model Systems for the Study of
Photoexcited-State Response to Oriented Perturbers.
How Does a Naphthalene Derivative Respond

to an Alkali Metal Cation in Its = Face?

Sir:
Crown ether naphthalene derivatives 1,! 2, and 3 have been
designed as model systems for the study of the geometric re-

quirements of perturber-chromophore interactions. In this
report? the changes in the emission properties of 1 caused by
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Table I. Emission Quantum Yields? and Lifetimes of 1,5-
Naphtho-22-crown-6 (1) in Alcohol Glass4 at 77 K with Alkali
Metal Chloride Salts Added in 5:1 Molar Excess (Crown at 1.00 X
10~% F)

Salt

added #e® 74, N§ ép? Tps §
None 0.11 35 0.17 2.2
NaCl 0.075 29 0.13 2.1
KCl 0.061 27 0.12 2.2
RbCl 0.018 c 0.19 1.6
CsCl 0.0015 ¢ 0.34 0.42

9 See note 4. & ¢rand ¢p are relative to naphthalene in ref 7a. < ¢¢
was too low to allow reliable measurement of 7.

Table I1. Estimates % of Rate Constants for Excited-State
Processes of 1,5-Naphtho-22-crown-6 (1) in Alcohol Glass¢ at 77
K with Alkali Metal Chloride Salts Added in 5:1 Molar Excess
(Crown at 1.00 X 10~4 F)

Salt
added 10=8ks 106k, 102k 4 kad
None 3.1 25 8.7 0.37
NacCl 2.6 32 6.7 0.41
KClI 2.3 35 5.8 0.39
RbCl 1¢ 52 12. 0.50
CsCl le 670 81. 1.57

@ All rate constants ins™L b k¢ = ¢rri s ke = (1 — o)7L kp
dp(1 = dp) 17,1 kay = 7,~1 — kp. € See note 4. 4With ¢ + i
1.0 assumed. ¢ Estimated from 77 K UV absorption spectra.

alkali metal cations held near the face of the naphthalene =
system are described and compared to earlier results with 2 and
3.3 This study illustrates the extent to which external heavy-
atom perturbation is dependent on the orientation of the per-
turber.
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The fluorescence and phosphorescence quantum yields (¢¢
and ¢, respectively) and lifetimes (rrand 7, resnactively) of
pure 1 were measured in alcohol glass? at 77 K and the effects
of added Na*, K*, Rb*, and Cs* chloride’ salts determined
(see Table I). In the cases of Rb* and Cs* perturbation, ¢¢is
decreased to the extent that reliable measurement of r¢is not
feasible with the equipment available to us. Plots of ¢fand also
¢p vs. the mole fraction of added salt showed that the emission
observed when a’3-fold excess of salt is present is that of
completely complexed, and therefore specifically perturbed,
crown 1, and not that due to a small fraction of free 1. Table
IT lists estimates of the rate constants for fluorescence (k¢),
nonradiative decay of the singlet excited state (ky), phos-
phorescence (k;), and nonradiative decay of the triplet state
(kdt)-6’7

Perturbation by a light cation (K*) of 1,82, and 3 (pictured
in the upper portion of Figure 1) causes real but not over-
powering changes in all rate constants. Holding a light cation
in the face of the = system does not increase the overall per-
turbing capability of the cation as compared with its effect
when held at the side or end of the naphthalene chromo-
phore.

Heavy-cation perturbation (by Cs*) gives an interesting
pattern shown in the lower part of Figure 1. The rate constants
for processes involving singlet-triplet interchanges (kgi, kp,
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Figure 1. Changes in rate constants of excited-state processes of crowns
1, 2, and 3 caused by K* (a light cation) and Cs* (a heavy cation). The
arrows are to scale and represent the difference from unity of the ratio of
the perturbed and unperturbed rate constants (larger rate constant taken
as the numerator). An arrow pointing up indicates that the cation perturber
increases the rate constant relative to that of free crown, and vice
versa.

and k) are increased by complexed Cs* for all three crowns,
and are increased relative to the values seen with K* pertur-
bation. The postulation of Cs* enhanced spin-orbit coupling®10
in 1, 2, and 3 seems reasonable.

A major feature of the results is the very much larger effect
of Cs* on ky,, kp, and kg, of 1 compared with 2 and 3. Ap-
parently, the enhancement of spin-orbit coupling is very much
greater when the Cs* heavy atom is held near the face as op-
posed to the end or side!! of the 7 system. For comparison,
changes in the rate constants of 1, 2, and 3 caused by 20% (v/v)
ethyl bromide in ethanol-methanol (4:1 v/v)!2 at 77 K are
similar to each other, and similar to those caused by the com-
plexed Rb* (except that ethyl bromide increases k;, of 1 three
times more than Rbt does).

A second feature is that the order of susceptibility of the rate
constants of 1to Cs* (ko > kp >kqy) is different from that
found in studies of the effects of external heavy-atom pertur-
bation of unsubstituted naphthalene. Greater susceptibility
of k compared with kg, was seen in work by Kearns,!3 Sie-
gel,'* and El-Sayed,!5 but not that of McGlynn.!¢ However,
the observation that k. of 11is the most perturbed rate constant
is consistent with the work on naphthalene by McGlynn,16:17
but not that of Siegel.!4 The order is also different from that
observed when crowns 1, 2, or 3 are perturbed by ethyl bro-
mide.!? In those cases k, is increased about twice as much as
kg4, which is only slightly more affected than k ;. It is not yet
clear whether the difference between Cs* perturbation of 1 and
that of unoriented alkyl halides!2-16 is due to the added pres-
ence of a positive charge, the precise orientation!® required by
1, different thresholds of kg, kp,, and kg to the spin-orbit
perturbation, or some property of cesium.
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Structural Diversity in Iron Porphyrins:
Solution Characterization of a High-Spin
Six-Coordinate Ferric Complex

Sir:

The detailed characterization of solid-state structures gnd
magnetic susceptibilities of iron porphyrin complexes in various
ligation, oxidation, and spin states has produced what is gen-
erally accepted as a predictable correlation between stereo-
chemistry and spin state that is directly applicable toward

understanding certain structure-function relationships in h'e-
moglobins.! The cornerstone of this correlation is that high-spin

© 1978 American Chemical Society



