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Conformational Changes of Azoaromatic 
Polyaspartate Induced by Solvent and/or Light 

Stereochemical changes induced in the photochromic 
molecules incorporated into polymer chains can cause 
conformational variations of the polymers.’ The photo- 
chromic moieties act as photoregulated “switches” 
changing reversibly from one geometric isomer to another 
under the influence of light. Azo compounds can undergo 
both trans - cis photoisomerization and reversion of the 
cis isomer back to the trans in the dark or on irradiation 
and were successfully adopted as photochromic moieties 
to produce conformational changes of vinyl  polymer^.^,^ 

Among many polymers containing azoaromatic moieties, 
polypeptides seemed to be extremely interesting to us from 
the point of view that polypeptides can take various con- 
formations whose chiroptical properties are distinctly 
different from each other, and the effect of light on their 
conformations can be easily evaluated by spectral mea- 
surements such as ORD and CD. 

Goodman et al. prepared azoaromatic polypeptides from 
L-p-(pheny1azo)phenylalanine and investigated the effect 
of photoisomerization of the azoaromatic side chains on 
the ORD ~ p e c t r a . ~  Similar investigations were carried out 
by us for azoaromatic polyaspartates5-’ and by Ciardelli 
for azo-modified poly(L-glutamic a ~ i d ) . ~ , ~  

The light-induced conformational changes of poly- 
peptides were first accomplished by us for copolymers 
derived from m- and p(pheny1azo)benzyl  aspartate.^-' 
These polymers were designed based on the fact that  
substituted benzyl esters of poly(L-aspartic acid) show 

‘1. HFI P 

Figure 1. Variation of the  molecular ellipticity a t  222 n m  of I 
induced by solvent and/or light: (0)  before photoirradiation; (0) 
after photoirradiation. 

conformational versatility, and the conformation can be 
perturbed by changing the nature and the position of the 
substituent. This system resembles visual purple rho- 
dopsin whose polypeptide part opsin undergoes a confor- 
mational change coupled with the cis-trans photoisomer- 
ization of an incorporated chromophore retinal. In a 
continuation of these investigations, a copolymer I com- 

C H Z  C H 2  

t N H L H C O -  -“!.,COS 
I 

posed of 0-benzyl L-aspartate and $-p-(pheny1azo)phen- 
ethyl L-aspartate (33:67) was found to undergo right- 
handed helix - left-handed helix - random coil transition 
on addition of hexafluoro-2-propanol (HFIP) to its 1,2- 
dichloroethane (DCE) solution. Thus there arises one 
interesting problem of how the conformation of I is af- 
fected by the trans-cis photoisomerization of the side-chain 
azobenzene moieties at different HFIP contents. We wish 
to report here the results of CD measurements of I in the 
mixed solutions of DCE and HFIP before and after pho- 
toirradiation. 

Copolymers of @-benzyl L-aspartate and b-p-(phenyl- 
azo)phenethyl L-aspartate were prepared as photorespon- 
sive polypeptides.” The conformation of this polymer 
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Figure 2. Circular dichroism spectra associated with the amide 
n--K* transition before (-) and after (- - -1 photoirradiation in the 
mixed solvents of various DCE/HFIP compositions. 

series in DCE is left hand helical for the copolymers with 
less than 40% azo [P-p(pheny1azo)phenethyl L-aspartate] 
residues whereas it is right hand helical for the copolymers 
with more azo residues. The polymer with 100% azo 
residues exhibits poor solubility in DCE. Thus I is the 
polymer with the highest azo residues among the soluble 
polymers prepared. In an attempt to check the solvent 
effect on the conformation" of trans-I, HFIP was added 
up to 20% to the DCE solution of I. This led to a sol- 
vent-induced right-handed helix - left-handed helix 
transition as shown in Figure 1. Upon further addition 
of HFIP, I undergoes a left-handed helix - random coil 
transition. Bradbury et al. reported similar phenomenon, 
though in their case the conformational transition was 
induced by addition of trifluoroacetic acid or dichloroacetic 
acid to chloroform solutions of copolymers of P-ethyl L- 
aspartate and P-benzyl L-aspartate.llb The random form 
of I yielded the anomalous value of [ e ]  - -15000, which 
is also in agreement with the result of Bradbury et al. This 
solvent-induced conformational transition may arise from 
an alteration of the energy balance as a consequence of 
hydrogen bonding of HFIP to the side-chain ester group. 

Photoirradiation was carried out on the solutions of I 
at  various solvent compositions, using a Corning 7-37 filter 
which passes the light of 320-390 nm with a 500-W Xenon 
lamp (percent cis: 70-80 in the photostationary state). 
The results of photoirradiation are shown in Figures 1 and 
2. The trend of light-induced conformational change 
around 5% HFIP is the one from the left-handed helix to 
the right-handed helix. At  10% HFIP the trend is inverted 
and the polymer tends to take a fully left-handed helix. 
The fully left-handed helix a t  20% HFIP is insensitive to 
light. On further increase in the HFIP content, I again 
becomes sensitive to light, showing a tendency of confor- 
mational change from left-handed helix to random coil 
with the attainment of maximum ellipticity difference 4 0 1  - 28 500 at  2670 HFIP. When the HFIP content reaches 
50%, I is in a random-coil conformation and is hardly 
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affected by photoirradiation. Further increase in the HFIP 
content causes no significant conformational change al- 
though there exists a slight decrease in the absolute el- 
lipticity. 

These phenomena suggest the important role of envi- 
ronment in realizing remarkable photoresponsive behavior 
on natural and synthetic photosensitive macromolecular 
systems. We are currently investigating the decay process 
from cis to trans configuration in the mixed solvents in 
connection with the main-chain conformation. 
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Variable Temperature High-Resolution Carbon-13 
NMR Spectra of Solid Fluoropolymers 

It is now well-established that 13C NMR spectra in which 
resolution approaches that of the liquid state can be ob- 
tained for solid hydrocarbon polymers by employing a 
combination of resolution (dipolar decoupling and mag- 
ic-angle spinning) and sensitivity (cross-polarization) en- 
hancement techniques.'-j In this communication, we re- 
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