Since many aliphatic trichloromethyl compounds and
their derivatives are now readily available by telomeriza-
tion reaction of olefins with carbon tetrachloride or
chloroform, the electrochemical reduction described
above opens a route to the simple preparation of «,w-
bifunctional aliphatic compounds.
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Optical Rotatory Properties of Diketopiperazines
Sir:

We wish to present results from optical rotatory dis-
persion (ORD) and spectral studies on two diketo-
piperazines, a hitherto uninvestigated class of com-
pounds. These diketopiperazines are the simplest and
most rigid among cyclic polypeptides and thus would
be expected to display: (a) the n-m* Cotton effect of
the peptide band arising from local rigidity,! and (b)
aspects of ‘‘exciton” interactions among peptide
chromophores, a familiar phenomenon in the «-helix.?

The ORD studies on L-alanyl-L-alanyldiketopiper-
azine (LALADKP) and L-alanyl-L-seryldiketopiper-
azine (LALSDKP) (Cyclo Chemical Corp., Los Angeles,
Calif.) were done using a Cary Model 60 spectropolar-
imeter. In the concentration range (10~ to 2 X 10-?
M) of measurements, the samples showed no concentra-
tion dependence of ultraviolet absorption or rotation.
However, infrared measurements on LALADKP in
dioxane revealed triplet amide I bands, implying as-
sociation of the compounds in dioxane, and probably
also in acetonitrile, in which the rotatory dispersion is
very similar, However, competitive hydrogen bonding
should prevent any DKP association in ethanol and
water solutions.?

The ultraviolet spectra of LALADKP and LALSDKP
were measured in solvents of different polarities. From
both theory* and analogous experiments on a lactam,!
we had hoped to observe the n-7* peptide band.
However, this was not observed, and the failure may
be due to smaller oscillator strength for this band com-
pared to the lactam, or to masking by the very broad
m—m* band centered below 1950 A.

The ORD of the two diketopiperazines in various
solvents are shown in Figures |1 and 2. In the solvents
studied, both DKP’s exhibit a negative Cotton effect
around 2300 A, which shows a long-wave shift with
decreasing solvent dielectric constant. The exceptional
result in acetonitrile may well be due to association.
The general solvent dependence and location of this
Cotton effect lead us to conclude that this is due to the
n—7* transition of the peptide chromophore. Further,
LALADKP displays another minimum around 2050
A in the hydroxylic solvents, preceding a much larger
maximum below 1950 A. It appears most consistent
to interpret the dispersions in Figure 2 as the result of
three Cotton effects, a negative one around 2200 A,
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Figure 1. ORD of vL-alanyl-L-seryldiketopiperazine at room
temperature. The mean residue rotation, [m], = 0.79[a]. No
refractive index corrections have been made.
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Figure 2. ORD of vr-alanyl-L-alanyldiketopiperazine at room
temperature. [m] = 0.71[a). No refractive index corrections have
been made.

another negative one around 2000 A, and a large posi-
tive one below 1950 A. The locations, signs, and rela-
tive magnitudes of the latter two Cotton effects strongly
suggest their origin to be due to exciton split 7—r*
transition of the peptide, analogous to the «-helix.?
It should be pointed out that the data of LALSDKP
are consistent with two Cotton effects; it is very likely,
however, that the trough around 2050 A in Figure 1 is
here masked by the large negative n—7* Cotton effect
and the much larger positive one below 1950 A. In
general, the rotations of LALSDKP are larger than
those of LALADKP, presumably because the latter
is more symmetric than the former.

The six-membered dipeptide ring of these diketo-
piperazines is very nearly coplanar,® permitting one to
inspect each peptide group independently. Applica-
tion of the quadrant rule™” predicts: (a) a negative
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n-7* Cotton effect in these diketopiperazines, which
is realized, and (b) that the absolute magnitude of
this Cotton effect increases with decreasing solvent di-
electric constant. The latter prediction is not well
realized. The discrepancy here may be possibly due to
(i) association in dioxane and acetonitrile solutions, and
(i) small but finite mixing of the n—7* and 7—=* transi-
tions because of deviations from planarity of the ring.
However, it is worth noting that since the potential
terms that generate the n—7* Cotton effect are of the
guadrupole type,” this partial rotation would show
a sharper dependence on the distance of the perturbing
group than on the solvent dielectric constant.

The results reported here suggest that neither the
n—7* Cotton effect nor the exciton split of the degenerate
m—m* transition of the peptide chromophore is unique
to the a-helix, but can be achieved in cases where the
proper molecular rigidity,! orientation of the vicinal
groups, and also proper geometric disposition of identi-
cal peptide chromophores®® are realized. Thus, the
negative Cotton effect at 2250 A that Ruttenberg, ez
al.,’® have observed in cyclic tyrocidine B and grami-
cidin S-A might be due to the activation of the Cotton
effect of the n-w* transition by molecular rigidity
imposed by cyclization.
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The Chromium(II)-Catalyzed Aquation of the
Todopentaaquochromium(III) Ion!
Sir:

Most studies of Cr#+-CrX* (X— = F-, CI-, Br-,
N;~, —NCS~, —SCN~) exchange reactions are directed
toward the elucidation of the role of the bridging ligand
X~ in the electron-transfer process.?~® Such studies
are usually conducted at high acid and low chromium-
(II) concentrations. Under these conditions, with the
exception of the chromium(Il)-catalyzed isomerization
of CrSCNZ?+, no net reaction is detected, and the rates
of exchange are independent of [H*] in the concentra-
tion range studied.? A path inverse in [H*] is featured
in the Cr#+-CrSCNZ?+ reaction,® but this path does not
result in loss of thiocyanate from the coordination sphere
of chromium(IH).

In contrast with these observations, we have found
that chromium(II) catalyzes the aquation of halogeno-
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pentaaquochromium(III) complexcs via a path inversely
proportional to [H*].

CrX 4- Cr*t = Cr¥* 4 X~ + Cr*t (X~ = Cl, Br, ) (1)

By using low [H*] and high [Cr#*], the reactions repre-
sented by eq 1 can be detected readily. The catalytic
effect of chromium(Il) is quite striking in the case of
CrlI#*,»® and consequently we chose this system to
provide a clear illustration of the lability of acidopenta-
aquochromium(III) complexes in the presence of
chromium(II). In addition, kinetic studies of the
CrI**-Cr®* reaction are of special significance in view
of the current interest in the reactions of Crl 2+ #-12

The disappearance of CrI?t+ was followed spectro-
photometrically at 475 or 306 mu. Two sources of
Crl?* were used. In the majority of the experiments,
Crl?* was generated in situ by the reaction of excess
chromium(II) with iodine®!4 (which in turn was gener-
ated by the reaction of iodate with a sight excess of
iodide). Following the rapid Cr2zt-I, reaction!s (k
> 108 M~1 sec™!), the slower chromium(II)-catalyzed
aquation of CrI?* was observed. Some experiments
were carried out with CrI*t prepared by the Cr2t-I,
reaction and purified by ion-exchange chromatog-
raphy.!! The kinetic measurements, summarized in
Table I, were treated on the basis of the rate law

—dln(CrI®] _ ,, _ ke | KfCr4]
ar K=kt Ea T e

2

Values of the rate coefficient k3 (¢f. column 3 of Table
I) were calculated from the observed pseudo-first-order
rate coefficients k£’ using the known!! values of k; and
ke (the rate coefficients for spontaneous aquation of
Crl** via [H*)-independent and 1/[H*}-dependent
paths, respectively). Under the experimental condi-
tions used, the contribution of the spontaneous aqua-
tion (k; and k; paths) of CrI*+ to its over-all disap-
pearance was less than 1097 in all experiments. Al-
though the values of k; scatter considerably, they re-
main reasonably constant when [Cr?*], [H*], and
[CrI?*] are varied by factors of ~10, ~10, and ~60,
respectively, and we conclude that eq 2 provides an
adequate description of the kinetics of the CrI*+-Cr?*
system. It must be noted, however, that our data do
not rule out an additional path of the form k,JCrI?*].
[Cr2+]. The present results indicate that 0 < ks < 1 X
10~ M—! sec!. Experiments in progress at higher

(7) At 0.200 M hydrogen ion concentration and 25° the half-life for
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