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kinetic isotope effect of 2.7 was found for the photo-
bleaching of 9-(2’-hydroxyethyl-2’,2’-d,)isoalloxazine,
the a-deuterio analog of IIb. In addition, it was found
that the rate of photobleaching of riboflavin was un-
affected by deuterium oxide.® Also, 6,7-dimethyl-9-
(formylmethyl)isoalloxazine has been isolated from
photobleached riboflavin solutions; this confirmed
that attack occurred at the 2’ position in polyhydroxy
flavins.” Although several other products resulted
from the riboflavin photobleaching, Ib photobleached
by a simple pathway which produced only one hetero-
cyclic product, alloxazine (III), and acetaldehyde.
This resulted from the collapse of the diradical produced
by the hydrogen abstraction reaction.

Kendall and Leermakers® have reported that pyruvic
acid was photoreduced with #butyl alcohol although
this alcohol has been shown to be a poor hydrogen
donor? due to the absence of hydrogen on the « carbon.
They speculated that the aliphatic hydrogens on the
methyl groups were donated, as had Cohen and Aktipis®
for another system.

The synthesis of 9-(2’-hydroxy-2’-methylpropyl)-
isoalloxazine was accomplished by the method of Karrer
and Meerwein.!® Irradiation of 1.5 X 10~ M Ic
in neutral aqueous solution /u vacuo produced allox-
azine (IIT) and a reduced flavin in a 55:45 ratio. Air
oxidation converted the reduced flavin to starting ma-
terial Ic. Nmr analysis and thin-layer chromatography
were used for identification. The rate of photo-
bleaching was followed spectrophotometrically at 430
mu, which is the long wavelength absorption maximum
for Ic. The photochemical apparatus and procedure
were the same as described previously® and the light
intensity was 1.2 X 10!¢ quanta sec™! cc™!. The rate
followed pseudo-first-order kinetics in the absorbance
range 2 to 1. Simultaneous irradiation of Ic in water
and deuterium oxide gave first-order rate constants of
2.7 X 102 and 5.5 X 10~% min™?, respectively. This
represents a kinetic isotope effect of 4.9.

Polarographic studies on the photobleaching of Ic
in 0.1 M potassium chloride confirmed the other re-
sults. As measured vs. a silver-silver chloride elec-
trode, half-wave potentials of —0.58, —0.42, and —0.22
v were obtained for alloxazine, Ic, and the reduced
flavin, respectively. These data show that the re-
duced flavin is not the 1,10-dihydro form of Ic, but
possibly a cyclic reduced flavin since the potential
is shifted. Photoreduction of Ic with EDTA con-
firmed that the 1,10-dihydro form of Ic did indeed have
the same half-wave potential as the oxidized flavin Ic.

These experimental results can be explained by the
mechanism shown in Scheme I. The isoalloxazine
nucleus abstracts the hydroxyl hydrogen atom and
produces the diradical II. Although the electron
density of semiquinone radical is somewhat delocalized,
it is conveniently shown localized at N-10. The di-
radical can collapse by two pathways which have almost
equal potentials. Pathway 1 permits an electronic
reorganization to form an epoxide and alloxazine (III).
A direct cyclization to form a reduced flavin (IV) can
be visualized for pathway 2. Although reduced cyclic
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flavins have previously been illustrated as coupling at
N-1, the almost equal distribution of products does
not permit tautomerization of II with another form
containing a free radical site at N-1. However, the
exact structure of IV cannot be experimentally verified
at present.
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The product distribution and the cyclic reduced
flavin could be explained in terms of hydrogen abstrac-
tion of aliphatic hydrogens, but no kinetic isotope
effect would be expected. No exchange of deuterium
at the aliphatic positions was observed during nmr
analysis which was performed in trifluoroacetic acid—
deuterium oxide soJutions. Also we have found that
9-(2’-keto propyl)isoalloxazine is stable to light,!! which
indicates that methyl groups are resistant to attack in
this type of system. Thermochemical calculations on
t-butyl alcohol indicate that homolytic abstraction of
the hydroxyl hydrogen is comparable to abstraction
of an aliphatic hydrogen. The sum of the evidence
indicates that it is the hydroxyl hydrogen which partici-
pates in the anaerobic photoreaction of 9-(2/-hydroxy-
2’-methylpropyl)isoalloxazine. Although the mech-
anism involving the participation of the hydroxyl group
may only be applicable to diradical systems, other
atypical hydrogen abstraction reactions should be
examined more closely.
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Dihedral Angle and Bond Angle Dependence of
Vicinal Proton-Fluorine Spin-Spin Coupling
Sir:
Dihedral Angle Dependence. The assumption has

been widely made that Jyre:y depends on the dihedral
angle between the coupling nuclei in the same way
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Table I. Vicinal Proton~Fluorine Coupling Constants (Hz)
— Approximate dihedral angles
0°War) 60°(Wsr) 90° (Jur) 120° Usr) 132° (Jer)
1 24.7 12,2
I 22,5 6.0
III 30.8 3.8
v 10.55 2.3
\' 19.8 Ca. 2.0
Vi +17.7 +6.3

that Jumiewy does,! ie., that Jgpeiy should have a
maximum value when the dihedral angle, ¢gp, is O
and 180° and a minimum value when ¢gp is 90°.
However, it has recently been reported that Jgg is a
linear function of dihedral angle, being 5.8, 11.4, 14.6,
and 17.8 Hz for 0, 60, 90, and120°, respectively. 2

This conclusion? and the assumptions of previous
workers! regarding the dihedral angle dependence of
Jur suffer from the fact that, without exception, the
studies have been made on conformationally flexible
molecules, Z.e., highly halogenated alkanes and fluori-
nated cyclohexanes and cyclobutanes. The object
of the present work was to synthesize a series of con-
formationally rigid molecules in which the vicinal
proton and fluorine atoms are held in fixed and known

conformations. The results for compounds I-VI are
presented in Table 1.
cL_cl H, 0

-

CGHE CsHs
CO0
H HB\A/Q
COOH p 4
Hp P H, H, F
v Vi

It is clear from the present work that the dihedral
angle dependence of Jupiy i very similar to that of
Juuowy and is nor a linear function of dihedral angle.
With the accumulation of more data on unstrained
systems it will undoubtedly be found that Japeiw
follows a curve of the type

Jureey = A + Bcos ¢ + Ccos 2¢

just as Jggry does.! The vicinal proton-fluorine
coupling constant is probably dependent on the elec-
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tronegativity of adjacent substituents, as Jgmi(os)
has been shown to be,® and is also probably a function
of bond length,* which would account for the larger
value of J4r in the cyclopropane compound, VI.

Bond Angle Dependence. Xarplus,® utilizing a non-
ionic six-electron, six-orbital fragment in a valence
bond og-electron calculation has predicted that Jyg
in the fragment HCC’H’ should decrease as § and 6’
increase [§ = ZHCC', 8’ = ZCC'H’). This predic-
tion has been confirmed for Jug (4 in cyclic ethylenic
systems.® In the present work we have adduced
evidence that Jypes in saturated systems is markedly
dependent on the angles § and §’ in the manner pre-
dicted by Karplus for Jyg-.

Because Jyruiy i8 very dependent on dihedral
angles, as shown above, and probably on substituents
as well, the variation of Jyr with bond angle is most
convincingly demonstrated in a series of compounds
having the same dihedral angles and approximately
the same substituents. In compounds II, III, IV,
and V, the dihedral angle between fluorine and an
adjacent proton is 0° and the carbons bearing the
proton and fluorine each bear a carboxyl residue.
It will be noted that Ju,r in compound IV is 10.5 Hz
and that this increases to 19.8 Hz on hydrolysis to the
diacid V. Then the anhydride II exhibits Jg,r of
22.5 Hz, which increases to 30.8 Hz on methanolysis.
We attribute these increases in Jypy to slight de-
creases in the bond angles HCC’ and CC’F as the
angle strain is relieved in going from IV, where the
HCC'F residue is part of two five-membered ring
systems, to III, where it is part of an unstrained six-
membered ring system. The observed changes in
Jureey parallel analogous Jyy+ couplings and are in
the direction predicted by Karplus® for Jgm/guw.
From these observations as well as the dependence of
Jurwwy on dihedral angle, and probably bond length
as well, it appears that Jyr over three saturated bonds
is almost completely analogous in behavior 'to Jgm/(ie).

Compound I, mp 70-71°, was prepared by Diels-
Alder condensation of vinyl fluoride with hexachloro-
cyclopentadiene. The three proton-proton coupling
constants and the internal chemical shifts are in ex-
cellent agreement with those expected from a previous
study of S3-endo-substituted hexachlorobicyclo[2.2.1]-
heptenes.® Compound II, mp 198-199°, was pre-
pared by allowing anthracene to react with fluoro-
maleic anhydride.” Esterification (to confer solu-
bility) gave III, mp 159-160°. Diels-Alder conden-
sation of fluoromaleic anhydride with furan gave the
adduct IV, mp 105-106°, which on hydrolysis gave the
exo diacid V, mp 141-142°. Both IV and V were
shown to be exo because Jumu, = 0 Hz. Compound
VI, mp 76-77°, was prepared by the addition of fluoro-
chlorocarbene® to 1,1-diphenylethylene. If J,z is
negative in sign in compound VI, as it is in other cyclo-
propanes,® then J,r and Jgr must be positive in order
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to give the observed F'* and H! line positions and
intensities.’® On this basis we assume that, with the
possible exception of Jpp@oey in IV and V, all the
coupling constants in Table I are positive in sign.!!
All six compounds had elemental analyses and in-
frared, ultraviolet, and nmr!? spectra in accord with
the assigned structures.
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Stable Conformations of Polyamino Acid Helices!
Sir:

Recently Scott and Scheraga? have computed energy
contour diagrams for helical polyglycine and poly-
L-alanine, including torsional energies, nonbonded
interactions, hydrogen bonding, and electrostatic in-
teractions. By carrying out energy minimization
calculations, they found that the right-handed o-
helix of poly-L-alanine was more stable than the left-
handed one by a few tenths of a kilocalorie per resi-
due; this energy difference is large enough to favor
the right-handed form if the chain is more than 10~
20 residues long.

We report here the results of similar calculations for
several homopolymer polyamino acid helices (poly-
L-valine, poly-B-methyl-L-aspartate, poly-y-methyl-L-
glutamate, and poly-L-tyrosine) of considerable interest
in the field of biopolymers. In contrast to poly-
L-alanine, for these helices one has to take into account
the rotations about the single bonds in the side chains,
i.e., the energy must be minimized not only with re-
spect to the dihedral angles of the backbone but also
with respect to those of the side chains. The expres-
sions used for the various energies are essentially the
same as those used earlier for poly-L-alanine.?

In the case of poly-L-valine, the right-handed -
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helix was found to be the most stable helical structure,
being more stable than the left-handed «-helix by
0.6 kcal/residue. This prediction may, at first sight,
seem surprising since calculations based only on a
hard-sphere potential,® or on other nonbonded po-
tentials,* and experimental results of Blout? and Bloom,
et al.,® all seem to suggest that the o-helical form of
poly-L-valine would not be the most stable one. How-
ever, it has been shown?®"8 that the «-helical back-
bone conformation can accommodate the L-valyl
side chain if the latter is rotated about 10° away from
a position of the torsional potential minimum,
Indeed, we have found that the torsional energy re-
quired for such a rotation is more than compensated
by the resulting decrease in energy from favorable
nonbonded interactions including the side chain.
In addition, we have obtained experimental proof
that poly-L-valine can exist in the «-helical conforma-
tion. To circumvent the problem that poly-L-valine
is insoluble in most solvents, we have prepared a
block copolymer of the type (DL-Lys),~(L-Val)-
(DL-Lys), where x ~ 40, by the procedure reported
previously.® This polymer is water soluble. Using
ORD data as a criterion, the poly-L-valine portion
appears to be a-helical in 989 aqueous methanol at
room temperature. The evidence for the helical con-
formation is based on the location (233 and 198 mu) and
magnitude (m’ = mean residue rotation = — 13,500 =
500° and 4 57,000 = 6000°) of the trough and peak, re-
spectively, of the Cotton effect.

In the case of poly-S-methyl-L-aspartate, the left-
handed «-helix was found to be more stable than the
right-handed o-helix by 0.1 kcal/residue but, for poly-
v-methyl-L-glutamate, the right-handed «-helix was
found to be more stable than the left-handed «-helix
by 0.4 kcal/residue. The origin of the effect on screw
sense lies in the interaction between the dipole of the
ester group of the side chain and that of the amide
group of the backbone (using a dielectric constant of
3 D.). In the absence of this dipole interaction, both
poly-B-methyl-L-aspartate and poly-y-methyl-L-gluta-
mate would be right-handed o-helices. The dipole
interaction destabilizes the right-handed form of the
aspartate polymer, thereby favoring the left-handed
form. The addition of another CH; group in the side
chain, in the case of the glutamate polymer, leads to a
different orientation and distance of the side-chain
ester group with respect to the backbone; in this case,
the dipole-dipole interaction favors the right-handed
«-helix. These calculations provide the explanation
for the well-known difference in screw sense between
the aspartate and glutamate polymers. 011
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