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electron-withdrawing power of the nitro or sulfonyl
groups than cyano or ester groups, as measured by o
values,2%2% indicates the frontier orbitals of the former
will be at lower energy than those of the latter.

The results reported here are in variance with those
predicted by a postulated diradical mechanism,?* and,
furthermore, incursion of a dipolar intermediate
mechanism seems unlikely in light of the negligible
effect of solvent polarity changes on the rates of these
reactions,?s and the increase, rather than decrease, of
S-substituted adducts with increasing solvent polarity
in the closely related nitrile oxide-methyl propiolate
reactions. 28
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Minimum Chain Length Required for the Observation
of a Temperature-Sensitive, Salt-Sensitive, Positive
Circular Dichroism Band in Derivatives of L-Alanine!
Sir:

The conformational properties of ionized homo-
polymers in aqueous solvents are highly dependent
upon ionic strength.? Certain salts can also alter
the stability of the ordered conformations formed by
proteins.? The effects upon the conformational prop-
erties of proteins are not due simply to alterations
in ionic strength because the result observed depends
upon the type of salt used?® and similar results can be
observed in homopolypeptides which do not contain
ionizable side chains. ¢

Fully ionized homopolypeptides, which have been
widely used as models for polypeptides in a random
coil conformation,® exhibit a small positive circular
dichroism band near 216 nm® whose intensity is de-
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creased by increasing either salt concentration or tem-
perature.%’~? This observation has been the basis
for proposing the existence of a new ordered structure,
the “extended helix,” which is presumed to be sta-
bilized by electrostatic interaction of the charged
side chains.”~1! According to this proposal,’~1! the
random coil exhibits only negative circular dichroism
above 200 nm, and the small positive band observed
near 216 nm arises from the “extended helix.”
Evidence against the existence of an ordered structure
stabilized by the electrostatic interaction of charged
side chains has been provided by comparison of the
optical activity%!? and unperturbed dimensions!?
of ionized poly(L-glutamic acid) and an un-ionized
random-coil derivative, poly(N*-w-hydroxyethyl-L-glu-
tamine).

The effects of solvent composition and temperature
upon the circular dichroism exhibited by a variety
of low molecular weight derivatives of L-alanine are
being investigated in order to clarify the mechanism
of the interaction of polypeptides with salts. A few
of the significant characteristics observed with several
of these compounds are presented here. The cir-
cular dichroism spectra were obtained using a Jasco
J-20 spectropolarimeter calibrated with d-10-camphor-
sulfonic acid.'* The results for the small derivatives
of L-alanine are presented as the mean ellipticity per
carbonyl group® in order to facilitate comparison
to the mean residue ellipticity reported for polypeptides.

The circular dichroism of Ac-Ala-OMe, Ac-Ala-
Ala-OMe, and Ac-Ala-Ala-Ala-OMe!® in water at
15°, shown in Figure 1, exhibit an extremely small
negative band at 231-234 nm, a weak positive band
at 208-214 nm, and a strong negative band at or be-
low 190 nm. Increasing the chain length through this
series increases the intensity of the negative circular
dichroism observed below 200 nm and produces a
slight decrease in intensity and red shift for the max-
imum positive circular dichroism. The final member
of this series would be random-coil poly(L-alanine)
of high molecular weight, which cannot be studied
in water due to its insolubility.” A useful substitute
with a —CH,R side chain is poly(N°-w-hydroxyethyl-
L-glutamine), an un-ionized polypeptide which as-
sumes a random coil conformation in water.!%!8
Extension of the trends observed, in water, in the cir-
cular dichroism of the series Ac-Ala-OMe, Ac-Ala-
Ala-OMe, Ac-Ala-Ala-Ala-OMe leads to the circular
dichroism pattern observed in this solvent with poly-
(N?*-w-hydroxyethyl-L-glutamine). %12
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The spectra obtained with the three alanine deriva-
tives in water at 75° are also shown in Figure 1. The
rate of change of the ellipticity at a particular wave-
length, for a given compound, with temperature is
nearly constant over this temperature range. In
each case the positive circular dichroism is reduced
by increasing the temperature. At 75° a small posi-
tive circular dichroism is still observed with Ac-Ala-
OMe, but no positive circular dichroism is evident with
Ac-Ala-Ala-OMe or Ac-Ala-Ala-Ala-OMe. The tem-
perature effect at 216 nm (the location of the maxi-
mum positive circular dichroism observed with poly-
(N3-w-hydroxyethyl-L-glutamine) in water at 30°)*
is given in Table I along with the results obtained for

Table . Temperature Effect upon the Circular
Dichroism Observed in Water at 216 nm
d[ey/dr,
Compound deg cm?/dmol °C

Ac-Ala-OMe —15
Ac-Ala-Ala-OMe —36
Ac-Ala-Ala-Ala-OMe —50
Poly(N*-w-hydroxyethyl-L-glutamine)* —49
Poly(L-glutamic acid)=? —64

o Reference 4. ° pH 6.55, ionic strength adjusted to 0.025 M
with potassium chloride.

an ionized and an un-ionized homopolypeptide.*
It is apparent that the temperature effect observed with
random coil polypeptides also occurs in these small
derivatives of alanine.

The spectral properties of an internal L-alanine
residue in water can be estimated by applying the pro-
cedure described by Doyle, et al.'®* The molar el-
lipticities are required for this purpose. They can be
obtained from the spectra in Figure 1 by multiplying
in each case by the number of carbonyl groups per
compound. Subtraction of the molar ellipticity of
Ac-Ala-OMe from that of Ac-Ala-Ala-OMe in water
at 15° yields a positive circular dichroism of 2500
deg cm?/dmol at 214 nm. A similar subtraction for
the data at 75° gives [0}y = —2500 deg cm?/dmol.
Subtraction of the molar ellipticity of Ac-Ala-Ala-
OMe from that of Ac-Ala-Ala-Ala-OMe at 15° yields a
positive circular dichroism of 500 deg cm?/dmol at
217 nm, and [flny = —5000 deg cm?/dmol at 75°.
While the results for these two comparisons are not
quantitatively identical, they both show that an in-
ternal L-alanine residue will provide a positive cir-
cular dichroism at 214-217 nm at 15°, and that the
circular dichroism in this spectral region will become
negative upon heating.

The circular dichroism spectra observed with the
three alanine derivatives in 4 M sodium perchlorate
at 15° are shown in Figure 1. The isothermal addi-
tion of 4 M sodium perchlorate reduces the positive
circular dichroism exhibited by Ac-Ala-OMe. No
positive circular dichroism is observed with Ac-Ala-
Ala-OMe or Ac-Ala-Ala-Ala-OMe in 4 M sodium
perchlorate at 15°, The effect of 4 M calcium chloride
upon Ac-Ala-Ala-Ala-OMe is similar to that of 4 M
sodium perchlorate. The effect of sodium perchlorate

(19) B. B. Doyle, W, Traub, G. P. Lorenzi, and E. R. Blout, Bio-
chemistry, 10, 3052 (1971).
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Figure 1, Circular dichroism of Ac-Ala-OMe, Ac-Ala-Ala-OMe,
and Ac-Ala-Ala-Ala-OMe in water at 15° (solid line) and 75°
(dashed line) and in 4 M sodium perchlorate at 15° (dotted line).

is slightly larger than that of calcium chloride in the
case of the two smaller alanine derivatives. There-
fore, the salt effects observed in the circular dichroism
of charged and uncharged polypeptides in water+’—*
also manifest themselves in these small derivatives of
alanine.

It has been reported that only negative circular
dichroism is observed above 190 nm for Ac-Ala-NHMe
in water at 27.0.°% and at an unspecified temperature,
presumably ambient.?2! Measurement of the circular
dichroism in water over the range 5-75° shows that
for Ac-Ala-NHMe also d[f)/dT near 216 nm is negative.
A positive circular dichroism is observed near 218
nm with Ac-Ala-NHMe in water at 15°. No positive
circular dichroism is observed at this temperature in
4 M sodium perchlorate or 4 M calcium chloride.

The conformational map for Ac-Ala-NHMe?? con-
tains several minima which are within 2 kcal/mol of
each other. A Boltzmann distribution over this con-
formational map?? would include a contribution from
the combination of ¢23 and ¢ attributed to the “‘ex-
tended helix,” %11 but would also include contributions
from other ¢ and ¢ as well. The effect on the con-
formational map of substituting an ester for an amide
is to increase the freedom of rotation about ¢, as can
be seen by comparing the internal dipeptide in poly-
(L-alanine)?* with the internal diester in poly(L-lactic
acid)?® or by comparing Ac-Pro-NHMe and Ac-
Pro-OMe.? The conformational map for Ac-Ala-
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OMe? indicates much freer rotation about ¢ and
in this molecule than in Ac-Ala-NHMe. A Boltz-
mann distribution over the conformational map for
Ac-Ala-OMe would give less weight to the combination
of ¢ and ¢ attributed to the ‘“‘extended helix” 111
than is the case in Ac-Ala-NHMe.

The results reported here demonstrate that a small
positive circular dichroism, which is sensitive to tem-
perature and to the presence of salts, can be observed
in peptides where the side chain is simply a methyl
group and in a structure as small as Ac-Ala-OMe or
Ac-Ala-NHMe. These effects cannot arise from the
electrostatic interaction of charged side chains nor can
they be due to an ““extended helix.” The temperature
effects on the circular dichroism must instead reflect
an increasing population of the higher energy regions
of the conformational maps as the temperature in-
creases. Calcium chloride and sodium perchlorate,
as well as certain other salts, are known to affect the
conformational properties of a wide variety of poly-
peptides.* The basic effect, as detected by circular
dichroism, is also operative in very small molecules
and can perhaps more easily be understood by study-
ing small peptides rather than polypeptides.
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Photochemical Preparation of o-Xylylene from
1,4-Dihydrophthalazine in Rigid Glass!
Sir:

o-Xylylene (1) has evoked intense theoretical>3 and
experimental‘—1¢ interest. While direct observations
of substituted o-xylylenes of varying stabilities have

succeeded,® evidence for 1 itself is only indirect (a stable
metal complex is known”). The presence of 1 as an
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intermediate has been inferred from the nature of the
products of trappingt—!° or self-trapping reactions.
The latter give 2, 3, 4, and o-xylene. Some reactions
which presumably proceed via 1 are oxidation!! of 5 at
0° (5 > 6 — 1), thermal decompositions of 7%1%12 and
8,1% and uv irradiation!¢ of 9.

Our interest in 1 was aroused by work on related
hydrocarbons?? and by studies of the electronic states of
biradicals and of photochemical singlet-triplet reac-
tivity differences.'® This prompted us to search for
biradicals whose lowest excited singlet (S,) and triplet
(T,) states would have the same orbital occupancy; yet,
S: could be shown to prefer a “tight” geometry and T,
a ““loose” one. 18

In view of the reactivity of 1 matrix isolation tech-
niques appeared appropriate. We now report a photo-
chemical synthesis of 1 in rigid glass from the previ-
ously unreported 6 and some spectral properties of both.
Pure 6 is a white powder and was prepared by oxidation
of a basic (MeOK or KOH) methanolic solution of 5
at ca. —90° with -BuOCl, evaporation of methanol
(—78°, 5 X 10-% Torr), and chromatography of the
residue on a silica gel column at —80°V (C;Hs —
Me,0): pmr in acetone-ds (—70°) singlets at 7 4.96
and 2.59, equal integrated intensities (¢f. 7 5.15 for the
methylene protons in 1,1’-diphenylazomethane!® and
7 4.2 in 1,4-dihydronaphtho[l,8-d,e][1,2]diazepine!!);
uv in Et;O (—100°) a broad band, Au.x 358 nm, emax
~102 (-N==N-), sharp peaks, Am.x 265 and 271 nm,
emsx ~10% (aromatic). Above —40°, the uv and pmr
spectra of 6 disappeared, N, was evolved, and the known
spectrat of 2 appeared (preliminary results at —40 to
—60° give first-order kinetics, AH¥ = 15 = 2 kcal/
mol, AST = —7.5 = 3 eu).

Irradiation (A 254 nm or A >345 nm) of 6 at —196°
(glassy diethyl ether or EPA) destroyed its character-
istic uv absorption and caused rapid formation of a new
species (Amax 373 NM, enex >3000). The Franck-
Condon forbidden shape of the new band and the vi-
brational spacing (1400-1500 cm—!) were strongly
reminiscent of spectra of related o-quinomethides.?
The photoproduct showed strong fluorescence (spectral
shape independent of excitation wavelength, Amax 456
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