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We had an interesting surprise when a polyisocyanate
prepared from a sample of 2,6-dimethylheptyl isocyanate derived
from citronellic acid of low enantiomeric excess exhibited a
D-line optical activity indistinguishable from that of a nearly
enantiomerically pure sample. This led to the preparation of a
series of copolymers prepared from mixtures of the monomer
enantiomers of 2,6-dimethylheptyl isocyanate.'2 The results
show an extreme nonlinearity between the enantiomeric excess
ancg the optical activity measured at the sodium D-line (Figure
1.

The polyisocyanates form a stiff helical conformation,* and
the enantiomeric pendant groups derived from citronellic acid
cause an equal and opposite excess of one of the helical senses,
i.e., left-handed for (R).> The circular dichroism (CD) data in
Figure 2, which are a measure of the helical conformation,?
demonstrate that the copolymer constructed of 56% (R) and 44%
(S) is indistinguishable from that of the homopolymer of the
(R) enantiomer. Figure 2 shows also the spectrum of a
copolymer with only a 2% (S) enantiomeric excess. Even here
the CD spectrum is characteristic of the () homopolymer, and
the extrema are still about one-third as intense. It is surprising
that such a helix sense bias can be produced by the tiny excess
of the (S) enantiomer.

The prerequisites to understanding the relationship between
the enantiomeric excesses of the polymerized monomers and
the optical activities (Figures 1 and 2) are the microstructures
of the copolymers produced. In this regard, we have demon-
strated a random copolymerization for the mirror image
monomers reported in Figures 1 and 2 by an unusual tandem
desorption chemical ionization mass spectrometric analysis for
which purpose the (S) enantiomer was labeled with deuterium.®
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Figure 1. Optical rotation at the sodium D-line [@]p vs enantiomeric
excess of the (S) enantiomer over the (R) enantiomer in the copolymers
formed from 2,6-dimethylheptyl isocyanate.
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Figure 2. Circular dichroism measurements carried out at room
temperature for dilute solutions in normal hexane.

In such a random copolymerization of, for example, the 56/44
(R)/(S) sample, the probability of finding long sequences of the
same configuration is extremely small, which requires from the
data in Figure 2 that the minority enantiomer pendant groups
fit into the helix sense preferred by the majority enantiomer.

An understanding of the relationship of the optical activity
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properties in these random copolymers may be found in a
statistical thermodynamic theory developed to understand the
optical activity properties of the polyisocyanates prepared from
stereospecifically deuterated polyisocyanates.” The chain length
and temperature dependence of the optical activities of these
homopolymers was able to be interpreted in terms of two
parameters, the energetic preference for one helical sense per
monomer residue and the energetic cost of a helix reversal. The
correlation of the experimental data for the stereospecifically
deuterated polyisocyanates with the theory showed the helix
reversal excess energy to be about 4000 cal/mol in the solvent
used in the current work.” This energy has been used to
paramatrize an empirical force field, allowing, among other
conformational insights, an estimation of 400 cal/mol for the
excess energy for the (S) configuration of the 2,6-dimethylheptyl
pendant group residue to fit into the left-handed helix.3 The
far higher energy of the helix reversal over the chiral bias of
the pendant group, i.e., 4000 to 400, should force many units
to take the same helical sense irrespective of the pendant group
configuration, and in the copolymers under consideration here,
it is reasonable, therefore, to average the energies for the (R)
and (S) units favoring the left and right helices, respectively,
over these large numbers of cooperating units. The enantiomeric
excess and the number of cooperating units will therefore act
together to favor the helical sense preferred by the configuration
of the majority pendant configuration, i.e., left-handed for (R).
From the results shown in Figures 1 and 2, this increased cost
of the minority helix sense is adequate at ambient temperatures,
at least to an enantiomeric excess of 12% with a degree of
polymerization 4800, to exclude helix reversals and to enforce,
therefore, a single helical sense.

As the enantiomeric excess is reduced and/or the degree of
polymerization is reduced below the number of units between
helix reversals, so will the average value of the helix sense bias
energy be reduced, allowing at some point both helix senses to
be populated at ambient energies. This is seen in Figure 2 for
the copolymer with an enantiomeric excess of 2%, where the
CD spectral form and intensity demonstrate virtually only helical
sequences (see below) and where the mean sequence length of
helices with the sense preferred by the majority enantiomer is
about twice that of helices with the opposite sense.

The CD and UV spectra of the polyisocyanates are sensitive
measures of small changes in the helical conformation.2%1¢ The
identity in form and wavelength for the various spectra in Figure
2 therefore demonstrate that the presence of the “wrong”
pendants causes no change in the helical conformation from
that found in the homochiral polyisocyanate. This may be
expected to depend on the steric nature of the side chain, and
in fact, copolymerization of racemic but considerably bulkier
chiral side chains in the polyisocyanates appears, from polymer
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dimensional arguments, to form blocks of mirror image units
and incorporate helix reversals.’

In polypeptides where the stereogenic center is in the
backbone with fewer conformational choices within the helical
arrangement, there is clear evidence that copolymers of near to
equal proportions of enantiomeric units cause large changes in,
or even loss, of the helical conformation.!! Although the data
are difficult to interpret quantitatively because, in contrast to
the polyisocyanates,® the microstructure has not been deter-
mined, smaller proportions of the wrong enantiomer, with
therefore less total strain, do appear to be incorporated into
helical sequences.!'"'? Recently, the incorporation of mirror
image units into other biologically interesting systems has been
of increasing interest.'?

The results in the polypeptides and in the polyisocyanates
are consistent with the cooperativity necessary for majority rule,
which may be expressed in one way as the difficulty of
introducing a defect in an otherwise uniform arrangement. This
principle suggests parallel experiments to the above in both
macromolecular and supramolecular cooperative systems, where
the helical motif is of increasing interest.!>!* The nonlinear
relationship of the polyisocyanates to chiral pendant enantio-
meric excess shown here may also be of importance in chiral
optical technology.!%'6
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