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Helical polymers1 (e.g., DNA or helical polypeptides) 
are well known for their importance in nature. In 
proteins, helical rigidity acts to stabilize the three- 
dimensional structure. Changes in the helical struc- 
ture2 (e.g., helix-helix or helix-coil transitions) can be 
triggered by temperature or pH changes. In polypep- 
tides, for example, which are close to one of these 
conformational transitions, it has long been known to  
be possible to  induce this transition phot~chemically.~ 

Synthetic helical polymers (e.g., polyis~cyanides,~-~ 
p~ly(tritylmethacrylate)s,~ and polychlora18) can be 
prepared by polymerisation reactions using chiral ini- 
tiators or, in one example, via racemic separation.9 In 
these synthetic systems, helix-coil transitions are not 
seen. Their helical structures are not stabilized by 
H-bonds as in the native polymers. Certain of these 
synthetic polymers are of special interest for their use 
as materials for racemic separationlo and because they 
allow a defined geometric orientation of  substituent^.^ 

Polyisocyanatesll prepared from chiral monomers 
play a special role in this context, because of the fact 
that a reversible shift of the equilibrium between P and 
M helices can be induced, e.g., by a temperature change 
in aprotic solvents.12 Since the polyisocyanate backbone 
has no chiral center, these polymers, prepared from 
achiral monomers, exist as a racemic mixture of P (right 
handed) and M (left handed) helices (or helical segments 
within one long polymer chain). However, due to the 
high cooperativity within the helical polymer chains,13 
small amounts (about 0.1 mol %) of chiral side groups 
in copolymers are sufficient to favor one twist sense of 
the helical segments. In these so-called “Sergeants and 
Soldiers” copolymers,12 (P  and M helices become dia- 
stereomers in the presence of the chiral side groups. We 
recently succeeded-for the first time-in inducing pho- 
tochemically a reversible shift of the equilibrium be- 
tween P and M helices in p01yisocyanates.l~ In this 
case, the sign of the optical activity did not change; Le., 
in both states, the same helix sense was favored. 

Stimulated by these results, we have now discovered 
a copolyisocyanate that is capable of a reversible shift 
of the preferred helical twist sense from M to  P helices 
initiated by a photochemical isomerization of the chiral 
azo dye side chains (Figure 1). 

The synthesis of the chiral azo chromophore 3 (Scheme 
1) is carried out by an etherification of 114 with (2S,3S)- 
2-chloro-3-methylpentan-1-01 analogous to ref 16 
followed by a Curtius rearangement.14 

The anionic copolymerization (NaCN, DMF, -65 W7) 
of 3 with hexyl isocyanate in various monomer feed 
concentrations leads to polymers Pl-P5 (Table 1). 

The photochemical trans-cis isomerization of the azo 
chromophores in polymers Pl-P5 was accomplished by 
irradiation of the THF solutions with 365 nm light 
(source: low-pressure mercury lamp (Osram HQV 125 
W) with an integrated filter). The photoisomerization 
leads to a concentration of more than 90% of the cis 
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Figure 1. Schematic representation of the transition from 
M- to P-helical polyisocyanates initiated by a photochemical 
trans-cis isomerization of the azo dye. Both helical conforma- 
tions (enantiomers) become diastereomers for the case that 
the side chains have chiral centers. Differences in the interac- 
tions between the asymmetric centers in the side chains and 
the polymer backbone (depending on the isomerization status 
of the azo chromophore) lead to a preference for the M- or 
P-helical conformation. 
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isomer. The thermal reisomerization in THF (cis - 
trans) occurs with a halftime of about 25 h. 

Discussing the properties of the copolyisocyanates 
Pl-P5, it has to be mentioned first that the specific 
rotation of the polymers (Table 1) is much higher than 
what would be expected from the monomer rotation 
( [ a l z o ~  = +15.7 deg*dm-l.g-l*cm3; in CHC13). A compa- 
rable model compound, the isocyanate trimer obtained 
via decomposition12 of copolymer P5, has a rotation of 
[aIz0~ = +6.1 deg-dm-l-g-l.cm3. This means the two 
asymmetric carbon atoms, which are 7 and 8 covalent 
bonds away from the polymer backbone, lead to a 
preference of one twist sense corresponding, in kind, to  
the expectations of the “Sergeants and Soldiers” experi- 
ment12 (Figure 3). 

Figure 2 shows the drastic influence of the photo- 
isomerization of the azo chromophores on the optical 
rotatory dispersion (ORD). Polymers with small amounts 
of azo dyes (8.0 mol %) show a change of sign in the 
ORD spectra for the trans-cis isomerization. The 
slightly differing shapes of the ORD curves (unirradi- 
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Table 1: Characterization of Copolymers P1-PS 

madiaied \ E- unirradiated 

\ 
- 

Y MW" [a1 'O~OO [aIz0soob [@I (255 nm) [@I (258 nmIb 
polymer (mol %) ( x  103) (deg.dm-1*g-1~cm3) (deg.dm-1.g-1.cm3) (0.1 deg.cm2*mol-') (0.1 deg-cm2*mol-') 

P1 8.0 490 -13.2 16.27 -1132 918 
P2 12.5 251 -43.0 19.0 -3195 961 
P3 15.1 89 -66.2 13.5 -5156 737 
P4 18.2 183 -82.1 6.0 -7188 =O 
P5 20.2 114 -97.6 5.4 -8452 =O 

Weight-average molecular weight determined by GPC versus polystyrene standards. Irradiated species (cis isomer). 
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Figure 2. ORD spectra in THF (3 mg/mL) for P1 (a), P3 (b), 
and P5 (c), which show the specific rotations (deg.dn-l:g-'.cm3). 
The measurements were carried out with a Perkin-Elmer 
241MC polarimeter. 

ated-irradiated) are presumably due to  different Cotton 
effects of the azo  chromophore (300-400 nm).177 l9 An 
inc reas ing  concentrat ion of the chiral  comonomer leads 
to  a continuous increase of t h e  O R D  signal for the trans-  
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Figure 3. CD measurements in THF (0.5 mg/mL) for P1 (a), 
P3 (b), and P6 (c), which show the molar ellipticities (0.1 
degcm2.mol-l) based on the average molecular weight of a 
repeating unit. The measurements were performed with a 
computer-supported Jasco J-500A spectro polarimeter. 

azo dye  containing copolymers. This is w h a t  one  would 
expect for an inc reas ing  preference for one helical  twis t  
sense (Figure 2a-c). 

In cont ras t  t o  this, the cis-azo dye containing copoly- 
m e r s  show a dec rease  in their O R D  signals with 
inc reas ing  dye concentration. As a result, the highly 
dye  loaded copolymers unde rgo  a shift from high nega- 
t ive  O R D  signals (trans) t o  signals close t o  zero (cis). 
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In addition to the ORD measurements and for a better 
understanding, circular dichroism (CD) investigations 
were made. With CD measurements at wavelengths 
smaller than 300 nm, it is possible to detect directly the 
chiral conformation of the polymer backbone, which is 
the helical twist sense. Although azo chromophores 
have strong W absorption bands in this region, previ- 
ous experiments14 on polyisocyanates with achiral azo 
chromophores have shown that they do not contribute 
significantly to CD spectra in this wavelength- range. 
The results obtained in this way (Figure 3) correspond 
to the ORD measurements. Even for a small dye 
concentration, there is a significant preference for one 
helical twist sense. From a comparison with other 
chiral polyis~cyanates,~~ an excess of M helices can be 
concluded for the trans dye isomers. It is obvious that 
through the photochemical trans -cis isomerization, the 
equilibrium is shifted from an excess of M helices to an 
excess of P helices (Figure 3a). After the thermal 
reisomerization, the system recovers completely. An 
increasing dye concentration leads again to a continuous 
increase of the molecular ellipticity for the trans-azo dye 
containing copolymers, which means the excess of 
M-helical segments in the polymers increases continu- 
ously. However, for the polymers containing the cis- 
azo dye isomer, the molecular ellipticity first stays 
constant (Figure 3b) and decreases for higher dye 
concentrations within the measuring accuracy down to 
zero. Therefore after the photoisomerization, polymer 
P5 consists of a racemic mixture of M -  and P-helical 
segments. 

To summarize: The CD measurements show that 
these synthetic copolymers can undergo reversibly- 
depending on the copolymer composition-both a transi- 
tion from an excess of M to P helices and a transition 
from an excess of M-helical segments to a racemic 
situation. The question of how this depends on the 
concentration of the chiral azo dye of the copolymers is 
still unanswered. Investigations on other azo chromo- 
phore-containing copolyisocyanates support this in show- 
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inglg that an increasing azo dye concentration leads to  
an increasing interaction between the azo dyes as 
evidenced from the appearance of exciton couplets. 
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