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a dichroic ratio of 0.35.26 If this in vivo observation is to be
attributed to the P700, it may be interpretable in terms of ex-
citon interations in a higher excited state than the lowest lying
S| state in (Chl a-H;0),. The present analysis has been spe-
cialized to the Q, transition in Chl a.2? For the Q, transition
the intensity ratio of the two exciton components remains 3 for
the same ground-state nuclear configuration except that the
long-wavelength component now becomes the dominant
transition.28

The present work is an initial attempt at an optical charac-
terization of (Chl a-H,0); in terms of a highly specific mo-
lecular model. The underlying assumptions implicit in the
foregoing analysis are (A) that the A700 excitation spectrum
in Figure 1 provides a faithful representation of the A700 ab-
sorption spectrum, and (B) that the A700 red band can be
deconvoluted into two or less Gaussian exciton components.
Assumption (A) seems to be reasonable in view of the com-
parison of the A700 spectrum in Figure 1 with the corre-
sponding 121 K absorption spectrum displayed in Figure 2 of
ref 10. The absence in the A700 excitation spectrum of the
672.5-nm absorption band, attributable to monomeric hy-
drated chlorophyll,!0 indicates that interaggregate excitation
transfer is unimportant in the present case. Assumption B is
consistent with the fact that no more than two exciton com-
ponents can arise from a dimeric aggregate. In a dimeric Chl
a-H,0 aggregate assuming the geometrical configuration of
two neighboring units in the dihydrate polymer (Chl a-2H,0),,
only a single exciton component is expected??® because the
transition dipole moments of the two Chl a molecules in this
case are parallel to each other, i.e., § = 0.23 The assumption
of Gaussian behavior for the exciton bands is standard ac-
cording to the theory of inhomogeneous line width broaden-
ing.

The two-component analysis given above has been based on
the Cy-symmetrical dimer involving C-10 carbomethoxy
C=0...-H(H)O--Mg linkages. A somewhat analogous C;-
symmetrical model for (CHI a-H,0); invoking reciprocal C-9
keto C=0--H(H)O--Mg linkages?’ is expected to yield a
predominantly one-component red band according to eq 4
because the transition moments of the Chl a molecules in this
case are approximately antiparallel, i.e., § = 180°. We have
recently prepared a 700-nm absorbing dimeric aggregate of
pyroChl a in which the C-10 carbomethoxy carbonyl group is
absent. The red band of this pyroChl a aggregate consists of
a single Gaussian.3°

Note Added in Proof. We note that Katz and co-workers,
who, among others, have favored an unsymmetrical reaction
center dimer (Proc. Natl. Acad. Sci. U.S.A., 71,4897 (1974);
Biochem. Biophys. Comm., 71,671 (1976)) on the basis of a
triplet esr signal that may be attributed to the inactive com-
ponent P800 of the bacterial reaction center (see ref 9, p 283),
now support a model equivalent in stoichiometry and symmetry
to our model, and in bonding interactions to the Closs struc-
ture?® (Proc. Natl. Acad. Sci. US.A., 73, 1791 (1976)).
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Studies on the Molecular Association of Oxytocin
and Related Compounds in Dimethyl Sulfoxide
Sir:

Numerous studies have been made on structural and con-
formational properties of peptide hormones and related com-
pounds using high resolution NMR spectroscopy! and more
recently carbon-13 NMR spectroscopy.2 Among the peptide
hormones which have received considerable attention are the
neurohypophyseal peptides including oxytocin.!> Most of these
studies have been conducted at high peptide concentrations
(25-250 mg/ml) where intermolecular interactions and as-
sociation may affect derived parameters. We have studied the
viscosity and proton FT-NMR of oxytocin and [!-penicil-
lamine]oxytocin,

(S-C(CH,)CH-C-Tyr-Ile-GIn-Asn-Cys-Pro-Leu-Gly-NH-

HN O [Pen'loxytocin),
[Pen!Joxytocin), an antagonist of oxytocin, and the carbon-13
T values of specific 13C-labeled atoms in oxytocin, as a
function of concentration. Comparisons were made of dimethyl
sulfoxide (Me;SO) and aqueous solutions of these peptides.
We present evidence which suggests that such interactions or
associations may obtain in Me;SO solutions.
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Figure 1. The change in the specific viscosity (X 100) of oxytocin solutions
as a function of concentration (A) in D20 and (B) in [2H¢]Me,SO: n,

viscosity of oxytocin solution; 5o, viscosity of the solvent. no(Me,SO)/
70(D20) =~ 2.

Oxytocin and [Pen!Joxytocin were synthesized and obtained
in a highly purified form by procedures used in our laborato-
ry.>% [9-[2-13C]glycinamide]oxytocin (I) and [l-hemi[2-
I3C]cystineJoxytocin (II) (both 90% !'3C-enriched) were
prepared by solid phase peptide synthesis.” pH values are direct
pH meter (Radiometer) readings. 7| measurements were
obtained on a Bruker WH-90 FT spectrometer at 32 °C.
Proton NMR dilution experiments were made on a Bruker
HX-270 FT spectrometer. Viscosity measurements were made
using a semimicro glass viscometer (Cannon: 1 ml). The vis-
cometer was maintained in a water bath kept at a temperature
of 32.0 °C. The flow times were determined with a stopwatch
(£0.01 s) and were reproducible to £0.5%. At least five dif-
ferent determinations were made for each point and in several
cases using two different hormone solution preparations. No
kinetic energy corrections were made since they are negligi-
ble.

Since Me;SO is very hygroscopic, we minimized the uptake
of water by tightly stoppering the viscometer containing the
solution and placing it in a desiccator when viscosity mea-
surements were not being made. Paralle] experiments were run
with Me,SO alone to correct for the small amount of water
which was picked up in the course of the experiments. By
taking these precautions, highly reproducible values were
obtained. The measured viscosity of the peptide solutions in
Me,S0 is time dependent, especially at high concentrations,
taking as much as several hours to reach equilibrium. These
results are highly indicative® of an association of oxytocin in
Me,SO solution. Further evidence is provided by the change
in viscosity of oxytocin solutions as a function of oxytocin
concentration in [2Hg]Me,SO (B) and in D,0O (A) shown in
Figure 1. In D,0 solutions there was no change in viscosity as
a function of time, and no significant change was found at pH
7 and 3.8. In D,O the change in viscosity with concentration
is linear except for a slight deviation at low concentrations
(about 10 to | mg/ml) which was highly reproducible. Similar
experiments were run with [Pen!Joxytocin (not shown), and
in DO a linear change in viscosity was observed over the entire
concentration range. On the other hand, the specific viscosity
of oxytocin solutions in Me,SO (Figure 1) as a function of
concentration is nonlinear, and shows a considerably greater
magnitude of change than that found in aqueous solution over
the same concentration range. Similarly a plot of 15,/ C vs. C
(not shown) for a D,O solution of oxytocin is linear, but this
plot for 2 Me;SO solution of oxytocin is nonlinear and does not
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Figure 2. The change in T (ms) of the 2-'3C carbon atom (90% '3C-
enriched) in the half-cystine-1 residue of [1-hemi[2-'3C]cystine]oxytocin
(1) evaluated at different peptide concentration (mg/ml) in D,O at pH
3.9 (A) and in [2Hg]Me,SO (B). T) measurements were obtained on a
Bruker WH-90 FT spectrometer using a 180°-7-90° ¢ pulse sequence,
where ¢ is at least five times 7. The T, values have an experimental error
of £10-15%. The T values at the various concentrations are (C, mg/ml
(T, ms)): A, 100(87),50(113),10(130),1(136); B, 100(53), 50 (53),
25(60), 1 (100).

agree with the Huggin’s equation.8

The T of the labeled half-cystine-1 carbon in [1-hemi[2-
13C-cystine]oxytocin (1) (measured at different concentra-
tions) in DO at pH 3.8 (A) and in [2ZHg]Me,SO (B) is shown
in Figure 2. In both cases the values at 100 mg/m! were taken
from the literature.®!% In D,0 the T values vary linearly with
the concentration and closely parallel the observed viscosity
changes. In [2Hg]Me,SO, on the other hand, a very marked
nonlinearity of the 7', values as a function of peptide hormone
concentration is observed, and the effect does not parallel the
viscosity changes. Similar experiments were run in DO using
[9-[2-'3C]glycinamidejoxytocin (II), and gave similar results.
Accurate T studies of II in [2Hg]Me,SO could not be made
since one of the [2Hg]Me,SO carbon-13 peaks overlaps with
the labeled gly¢inamide carbon in oxytocin and this severely
interferes with the determination of the 7.

In the case of nonchemically exchanging species, the T,
values which are experimentally obtained should be inversely
proportional to the viscosity!!-!2 (which is an implicit function
of the concentration). The results we obtained show that the
carbon-13 T value for the half-cystine-1 2-carbon in II is
concentration dependent in a way which cannot be accounted
for by simple changes in viscosity. Alternatively if an inter-
molecular association or interaction of oxytocin in Me,SO
solution obtains, the observed T will depend on the intrinsic
T of each state of association or interaction and on their re-
spective lifetimes.!3 A nonlinear relationship of concentration
to T can be obtained in these circumstances, and consequently
a reasonable explanation for the experimental behavior of 7'
in Me;SO is a ¢chemical exchange originating from an inter-
molecular association or interaction.

Effects such as line-broadening with increasing concen-
tration, line-narrowing with a rise in temperature, etc., have
been documented in tyrocidin B and other peptides, and were
suggested to arise from self-association.!4 We have previously
shown that raising the temperature of [Pen!]oxytocin in
[2Hg)Me,SO results in an abrupt line narrowing of the spectra
above about 53 °C.!% Recently, Higashijima et al.!6 have no-
ticed changes in the chemical shifts of the amide protons as a
function of concentration for Pro-Leu-Gly-NHj, the tripeptide
side chain of oxytocin, in Me,SO solutions. We have done a
series of dilution experiments with oxytocin and [Pen!]Joxytocin
and examined the high resolution proton FT-NMR of these
solutions to look for these effects. At concentrations down to
1073 M we saw no significant changes in peptide amide
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chemical shifts or coupling constants. However, at low con-
centrations (1073 M) of oxytocin, the hydroxyl proton of ty-
rosine-2 appeared. The failure to observe this signal in earlier
studies of oxytocin and related compounds has been attributed
to rapid exchange of this proton with water impurities in
Me,S0.17:18 The amino terminal group of the half-cystine- 1
was also believed to be involved in intramolecular catalysis of
this exchange, since usually the tyrosine-2 hydroxyl resonance
is observed in deaminooxytocin and analogues. However, our
observation that at low concentrations of oxytocin in [2Hg]-
Me,SO this hydrogen becomes observable, strongly indicates
that at higher concentrations the catalytic effect which pro-
duces the rapid exchange of this proton with water has pri-
marily an intermolecular rather than intramolecular origin,
and offers perhaps the strongest evidence for an intermolecular
interaction or association of oxytocin in this solvent. In this
regard, it is interesting that even in deaminooxytocin the
presence of the tyrosine-2 hydroxyl group is concentration
dependent since at 5 X 1072 M it was present,!” buta 7 X 10~2
M!1% it was nearly absent. Indeed, examination of the litera-
ture!317-24 provides further indications of this phenomena for
related analogues and derivatives of neurohypophyseal pep-
tides. On the other hand, it appears that the formation of a
complex of oxytocin with Ni?* competes with this effect since
addition of Ni%* to an oxytocin solution in Me;DMSO renders
the tyrosine-2 hydroxyl hydrogen observable.29

We also conducted dilution experiments with [2Hg]Me,SO
solutions of [Pen!Joxytocin, but even at 8 X 104 M, the hy-
droxyl proton of tyrosine-2 did not appear suggesting that even
at this concentration, intermolecular interactions or association
are important for this compound as was also suggested by the
broad lines and featureless nature of the spectrum’* even at
concentrations of 1-5 mg/ml.

The results from the viscosity, carbon-13 T, and proton
FT-NMR reported here suggest that some form of intermo-
lecular interaction or association obtains for oxytocin in
Me»SO at high concentrations (>10 mg/ml) and for [Pen']-
oxytocin throughout the concentration range examined. In the
FT-NMR studies no significant changes in chemical shift or
coupling constants for peptide backbone (NH and «CH)
protons were observed, suggesting that whatever the interaction
it does not cause a significant backbone conformational per-
turbation. No evidence was obtained to suggest that such an
interaction occurs in aqueous solution. On the other hand, the
carbon-13 T results in Me;SO solution imply that any in-
terpretation of these data will be dependent on the experi-
mental conditions chosen, and indicate that caution should be
taken in interpretation of 7 studies in concentrated organic
solutions.
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5,8,16,19-Tetra-tert-butyl-6,17,23-trisdehydro[22]-
bi[10.10.2]annulene.! A Condensed Nonbenzenoid
Aromatic System Consisting of Two 147-Electron
Systems

Sir:

In a previous paper,2 we have reported the synthesis of a
condensed nonbenzenoid aromatic hydrocarbon (XIII), which
can beregarded as a fused system of two tetrakisdehydro[18]-
annulene derivatives. At the same time, the synthesis of an
ortho-fused 267-electron [14]annulenof14]annulene derivative
was reported by Cresp and Sondheimer.? In this communica-
tion, we wish to report the synthesis and properties of the third
instance of a fused nonbenzenoid aromatic hydrocarbon (XII),
a lower analogue of XIII consisting of two 14x-electron sys-
tems.

Treatment of the ethynyl ketone (III: yellow crystals; mp
104.5-105.0 °C; 83%; Anal. (C,7H»40S) C, H, S), obtained
by the aldol condensation of 113 with 16 (NaOH-H,0-EtOH,
0 °C, 4 h), with Et,NLi in THF at =78 °C followed by the
reaction with Me3SiCl gave trimethylsilyl derivative (IV:
yellow liquid; 78%). Product (V) of the reaction of IV with
lithium acetylide in THF? (=65 °C, | h; =55 °C, 1.5 h) was
treated without isolation with 2 N H,SO4 (30 °C, 1 h) to yield
VI (orange yellow liquid; 72%; 2,4-dinitrophenylhydrazone:
red crystals; mp 225-227 °C; Anal. (C24H2sN404Si) C, H,
N). VI was converted into dimethyl acetal (VII) in the usual
way, and treated with BuLi in THF (=78 °C) to give lithio
derivative (VIII). The reaction of VIII with IV (=65°C, | h;
—45°C, 1 h) followed by rearrangement and hydrolysis with
2 N H3S04 (30 °C, 0.5 h) yielded dialdehyde (IX: yellow
crystals; mp 142-143 °C dec; 39% based on IV; Anal.
(C34H460,Siy) C, H).B After several unsuccessful trials,
conversion of IX into diketone (X: yellow crystals; mp 212-213
°C dec; 81%; Anal. (C46Hg602Si3) C, H) could be achieved
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