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Table IV 
Methylene Carbon Spectra of Poly(viny1 acetate)" 

Peak intensities 

Chemical Isotactic 
shift, Atactic sample sample 

ppm, from Tetrad 
HMDS assign Calcdb Obsd Calcdb Obsd 

3 8 . 2  rrr 0 . 1 7  0 . 2 0  0.04 0 
3 7 . 8  rrm 0 . 2 5  0 . 2 5  0 . 0 6  0 . 1  
37 .7  rmr + mrm 0 . 2 8  0 . 2 5  0.08 0 . 1  
3 7 . 6  mmr 0 . 1 9  0 . 1 7  0 . 2 5  0 . 2  
3 7 . 3  mmm 0 . 1 1  0 . 1 3  0 . 5 7  0 . 6  

a Methylene carbon spectra were obtained in CDC12- 
The tetrads were obtained from the start- CDCl, at  120". 

ing PVA (ref 8). 

tral resolution was also achieved by examining PVAc dis- 
solved in orthodichlorobenzene a t  about 140' in nitrometh- 
ane at  looo, and in D M s 0 - d ~  at 100'. Therefore, the 
above-mentioned specific solvent shielding in the proton 
resonance spectra of PVAc does not significantly contrib- 
ute to the corresponding carbon-13 spectra. The effect of 
raising solution temperature appears to impart increased 
mobilities to the polymer backbone carbons and the pen- 
dant groups, which, in turn, lead to improved spectral reso- 
lution. 

In Figure 5 are shown the horizontal expansion of Figure 
4 and the corresponding scan of the isotactic PVAc. The 
atactic samples give five methylene carbon lines centered 
a t  37.7 ppm. Unlike the spectrum of its precursor PVA, 
neither the relative positions nor the intensities of these 
lines exhibit any regularities. They cannot, therefore, be 
unambiguously assigned to the two stereochemical dyads. 
However, by using the known tetrad distributions of the 
starting PVA samples, we have analyzed the methylene 
carbon resonances of the derived PVAc polymers as pre- 
sented in Table IV. For such analyses, we have invoked the 
assumption, in accordance with the work of Schaefer and 
Natusch'l and our previous studies on PVA,s that the inte- 
grated peak intensity of each methylene carbon line can be 
used to count the number of carbons contributing to that 

resonance. The nearly quantitative agreements between 
the observed intensities and the calculated values for both 
the atactic and isotactic samples indicate that our assign- 
ments are consistent. Thus, it  follows that the methylene 
carbon spectra can be used for quantitative tacticity mea- 
surements of PVAc. In this work, we have also calculated 
the triad distributions by using the following relationships 
of tetrads and triads: mm = mmm + lhmmr, rr = rr + 
l/zrrm, and mr = Ihmmr + %rrm + rmr + mrrn.l0 The re- 
sults are included in Table I1 to compare with the corre- 
sponding proton measurements. 

The methine carbon region which ranged from 66.6 to 
65.6 ppm consists of two main features. The lower field sin- 
glet was found to have relative intensities of 0.20 and 0.68 
for the atactic and isotactic PVAc, respectively. Therefore, 
this peak must arise from the mm triads. On the other 
hand, the upfield feature with additional fine structures 
cannot be readily assigned to the mr and rr triads. For the 
atactic sample, it  is conceivable that these lines could be 
attributed to the combinations of various pentads. How- 
ever, fitting seven pentads into the three partially resolved 
peaks of the upfield feature is of rather questionable validi- 
ty. 
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ABSTRACT: The conformation of high molecular weight and optically active poly[ ( S  )-P-aminobutyric acid] in 
hexafluoroacetone sesquihydrate (HFA . 1.5(Hz0)), hexafluoroisopropyl alcohol (HFIP), methanesulfonic acid, and 
their mixtures were examined by using circular dichroism, ultraviolet, and infrared spectroscopy. The results 
suggest that the polymer exhibits a P-associated conformation in HFIP. The addition of a trace amount of water to 
a solution of the polymer in HFIP enhances the association phenomenon. Circular dichroism spectra of the polymer 
films which were cast from HFA and HFIP solutions also show the same P structure. In methanesulfonic acid the 
poly[(S)-p-aminobutyric acid] assumes a disordered structure. 

High molecular weight poly@-amides) which have p- 
amino acids as the repeating units are similar t o  polypep- 
tides and to silk fibroin. They have high melting points and 
also low solubility in typical organic solvents. The synthesis 
and fiber properties of various poly@-amides) have been 
extensively studied in recent years.*-4 Optically active mational properties from poly(L-alanine). 
poly(P-amides) have also been synthesized.5 

The structure of poly[@)-P-aminobutyric acid] (I) is 
similar to that of poly(L-alanine). The latter polymer ex- 
hibits an a-helical form both in solution and as a film.6-10 
With the additional a-methylene group, poly[@ )$-amino- 
butyric acid] would be expected to have different confor- 

Studies with X-ray and polarized infrared dichroism of 
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r r r l  

poly[(S)-P-aminobutyric acid] (I) 

poly[(S)-p-aminobutyric acid] films have been carried out 
by S ~ h m i d t . ~  He concluded that in the solid state this poly- 
mer exists in a p conformation constructed from antiparal- 
lel chains. Since the polymer (mol wt = 200,000) is insolu- 
ble in most of the nonacidic solvents, it  is difficult to per- 
form studies in solution. 

However, the polyamide is soluble in hexafluoroacetone 
sesquihydrate (HFA - 1.5(H20)) and in hexafluoroisopro- 
pyl alcohol (HFIP). Both solvents are transparent in the 
spectral regions critical for the conformational diagnoses. 
In this paper, we report the conformational analysis of 
poly[(S)-8-aminobutyric acid] in solution by using circular 
dichroism (CD), ultraviolet (uv), and infrared (ir) spectros- 
COPY. 

Experimental Section 
Materials. Hexafluoroacetone sesquihydrate and hexafluoroiso- 

propyl alcohol were purchased from Aldrich Chemical Co. Hexa- 
fluoroacetone deuterate was obtained from Wilmad Glass Co., Inc. 
Methanesulfonic acid was purchased from Eastman Kodak Co. All 
solvents were used without further purification. Elementary analy- 
sis was carried out by Galbraith Laboratories, Inc., Knoxville, 
Tenn. 

Poly[(S)-6-aminobutyric acid] and the monomer (S)(-)-4- 
methylazetidinone were generous gifts from Drs. J. Brandrup and 
E. Schmidt at  Farbwerke Hoechst, Inc., in Frankfurt, Germany. 
Light scattering measurements in dichloroacetic acid indicated 
that the molecular weight of poly[(S )-6-aminobutyric acid] was 
200,000. The synthesis and properties of the above compounds 
have been reported earlier.5 

( S  )-8-Aminobutyric Acid Hydrochloride. The compound, 
(S)(-)-4-methylazetidinone (2  g, 0.023 mol), was dissolved in 6 N 
hydrochloric acid (8 ml) and the solution was refluxed a t  110' for 
20 min. After cooling the solution, the solvent was removed by ly- 
ophilization. The hydrolyzed product (S)-P-aminobutyric acid hy- 
drochloride was obtained: 3 g (95% yield); mp 131'; [ o ~ ] ~ ~ D  +21.18' 
(c 0.7, H20); nmr (DzO) 6 1.38 (d, 3); 2.75 (d, 2), 3.73 (q, 1). Anal. 
Calcd for C4HloN02Cl: C, 34.42; H, 7.17; N, 10.04. Found: C, 34.41; 
H, 7.31; N, 10.09. 

N-Acetyl-(S )-8-aminobutyric Acid Benzyl Ester. The com- 
pound, (S)-8-aminobutyric acid benzyl ester, was synthesized 
from (S )-P-aminobutyric acid hydrochloride according to the 
method of Greenstein and Winitz." An oily product was obtained 
which was used without further purification. 

(S)-P-Aminobutyric acid benzyl ester (2.3 g, 0.01 mol) was dis- 
solved in pyridine (3.5 ml, 0.04 mol). Acetyl chloride (2.4 g, 0.032 
mol) was added dropwise to the ice-cooled solution. Ether (50 ml) 
was added to this mixture. The ether layer was washed successive- 
ly by the following sequence: water, 5% aqueous citric acid, water, 
10% aqueous sodium bicarbonate, and water. After drying over so- 
dium sulfate, the ether was removed under reduced pressure. The 
remaining oily residue was further lyophilized. The product was 
crystallized from ethyl acetate-n -hexane to yield 0.9 g (38%) of 
product: mp 58'; [ C Y ] ~ ~ D  -14.83' ( c  0.4, EtOAc); tlc R f  0.83 (silica 
gel, duOH:HAc:H20 = 4:1:5). Anal. Calcd for C13H17N03: C, 
66.38; H, 7.23; N, 5.95. Found: C, 66.10; H, 7.15; N, 5.93. 
N-Acetyl-(S)-b-aminobutyric Acid. The compound N -ace- 

tyl-(S)-P-aminobutyric acid benzyl ester (0.8 g, 0.003 mol) was dis- 
solved in anhydrous methanol (100 ml) and 0.1 g of a 5% palla- 
dium-charcoal catalyst was added. A few drops of glacial acetic 
acid were also added. The mixture was hydrogenated for 3 hrs a t  
room temperature in a Parr hydrogenation apparatus. The catalyst 
was removed by filtration and the solvents were removed by re- 
duced pressure to yield a clear oil. No resonance for the benzyl 
group was found on the nmr spectrum. The compound was used 
without further purification. 

N-Acetyl-(S )+-aminobutyric Acid N' -Methylamide. The 
compound, N -  acetyl-(S)-P-aminobutyric acid (0.45 g, 0.004 mol) 
was dissolved in 25 ml of dry tetrahydrofuran. The solution was 
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Figure 1 .  Circular dichroism of poly[(S)-P-aminobutyric acid] in 
hexafluoroisopropyl alcohol-water mixtures (--) and of N-ace- 
tyl-(SI-6-aminobutyric acid N'-methylamide in hexafluoroisopro- 
pyl alcohol (- - -). 

cooled with stirring to -20" in a Dry Ice-carbon tetrachloride 
bath; N-methylmorpholine (0.44 g, 0.004 mol) was added. Isobutyl 
chloroformate (0.58 g, 0.004 mol) was then added and a white pre- 
cipitate formed. After stirring for 5 min, monomethylamine gas 
was passed through the mixture for 5 rnin., after which it was 
stirred at  -20' for 30 min and then slowly warmed to room tem- 
perature. The solution was filtered through a sintered glass filter 
to remove the precipitate. The filtrate was concentrated and dried 
in uucuo to give a solid residue. The white product thus obtained 
was recrystallized from chloroform-hexane and yielded 0.25 g (36% 
yield): mp 181' dec; nmr (CDC13) 6 1.21 (d, 3, J = 6.7 Hz), 1.93 (s, 
3), 2.38 (m, 2), 2.77 (d, 3, J = 5 Hz), 4.24 (m, l), 6.30 (d, l), and 
6.75 (d, 1); [ c Y ] ~ ~ D  -13.08' ( c  0.4, trifluoroethanol); Rf 0.55 (silica 
gel, Bu0H:HAc:HzO = 4:1:5). Anal. Calcd for C~H14N202- 
lh(HzO): C, 50.29, H, 8.98; X, 16.76. Found: C, 50.34; H, 8.56; N, 
16.75. 

Apparatus and Measurements. In the CD, uv, and ir measure- 
ments, dry, prepurified nitrogen was employed to purge each in- 
strument a t  a rate of 40 ft3/min before and during the experi- 
ments. All spectra were recorded a t  ambient temperature. 

Circular dichroism studies were carried out by using a Cary 61 
spectropolarimeter with a 450 W Osram Xenon lamp as the light 
source. The reliabilities of the molar ellipticity values are as fol- 
lows: a t  203 nm, f 5 % ;  a t  213 nm, f2%;  a t  238 nm, fl .5%. The ex- 
perimental solutions were prepared by weighing the desired sam- 
ple into a volumetric flask and adding the solvent to the appropri- 
ate concentration. The studies performed in HFIP-water, HFA- 
water, and HFIP-methanesulfonic acid mixtures were conducted 
by first dissolving the polymer in HFIP or HFA. Water or meth- 
anesulfonic acid (on a volume basis) was then added and the re- 
sulting solution was stirred for 15-20 min to ensure equilibration. 
Cells with path lengths from 0.01 to 1.0 cm were used. The prepa- 
ration of solid films for the CD studies was according to the meth- 
od of Fasman.12 Films were cast by evaporation of the appropriate 
polymer solutions layered on quartz disks. The films were dried in 
a vacuum desiccator before use. Each disk with the film on it was 
mounted as a window on a Teflon sample holder designed in our 
laboratory for alignment in the instrument.13 The optical rotations 
were measured on a Perkin-Elmer Model 141 polarimeter. 

Ultraviolet solution spectra were measured on a Cary 14 spectro- 
photometer. A cell with a path length of 0.1 mm was used. 

Infrared spectra were recorded with a Perkin-Elmer Model 180 
grating infrared spectrophotometer. For solution spectra, the poly- 
mers were measured as 0.2-0.4% solution by weight in an Irtran-2 
cell with a path length of 0.2 mm. A matched cell containing the 
solvent was used as the reference. For solid film studies, the prepa- 
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Figure 2. Circular dichroism of poly[@)-0-aminobutyric acid] in 
hexafluoroacetone sesquihydrate-water mixtures. 

ration was the same as that described for circular dichroism stud- 
ies. Films were cast directly on the potassium bromide pellets fol-. 
lowed by immediate evaporation of the polymer solutions. Films 
were also prepared by casting the polymer solutions on glass 
plates. After drying in a vacuum desiccator, the plates were soaked 
in water. Transparent films were obtained and separated from the 
plates. The films were dried again before measurements were 
made. 

Results 
Circular Dichroism Studies in HFIP and HFA* 

1.5(&0). The CD spectrum of poly[(S)-P-aminobutyric 
acid] in HFIP shows a trough a t  216 nm and a positive peak 
at  197 nm with molar ellipticities of -3.2 X lo3 a.nd 6.6 X 
lo3 deg cm2/dmol, respectively (Figure 1). The crossover 
occurs at  207 nm. The CD pattern remains the same as the 
concentration of the polymer in solution is varied from 2.0 
to 0.06 mg/ml. The model compound, N-acetyl.-(S)-/?-ami- 
nobutyric acid N’- methylamide, shows only an intense 
positive band near 197 nm. No negative band is observed. 
The spectral differences between the polymer and the 
model compound can be interpreted to indicate a confor- 
mational difference for a residue in the plolymer as com- 
pared to the model compound. 

Since it has been reported that HFA 1.5(HzO) can dis- 
rupt the p conformation of isoleucine oligomers,14 the CD 
spectrum of the polymer in HFA 1.5(H7,0) was also exam- 
ined (Figure 2). The CD pattern is similar to that obtained 
in HFIP but is shifted to a higher wavelength. The spec- 
trum has a negative band centered a t  223 nm with a molar 
ellipticity of only -1.5 X lo2 deg cm2/dmol and a positive 
band below 218 nm. The circular dichroism of the polymer 
in HFA 1.5(H20) is much smaller t,han that reported for 
polypeptides in a /3 conformation.12J”J6 

In order to study how water affects the conformation of 
the polymer in HFIP and HFA - l.S(H20) solutions, a small 
amount of water was added to both solutions. Figure 1 
shows that the intensity of the trough and the peak are in- 
creased by the addition of water to the HFIP solution. At 
3% water concentration based on HFIP, the spectrum 
shifts toward the blue. At 5% water concentration, the CD 
shows a large negative band centered at 208 nm and an in- 
tense positive peak a t  192 nm. 

Spectral changes are aleo observed in HFA-water 
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Figure 3. Circular dichroism of poly[(S)-P-aminobutyric acid] 
film cast from hexafluoroisopropyl alcohol. 

mixtures. Below 20% water concentration in HFA-  
1.5(Hz0), the spectrum is similar to that in 100% HFA. 
1.5(H20) solution. A substantial change, however, occurs 
between 20 and 30% water concentration. Above 30% water 
concentration, the solution becomes cloudy; further addi- 
tion of water causes the precipitation of the polymer. 

To ascertain the solvent effect of poly[(S)-/3-aminobuty- 
ric acid] in solution, films were cast from HFIP and HFA - 
1.5(H20) solutions. The CD spectra of these films show a 
trough centered a t  212 nm and a positive peak near 190 nm 
(Figure 3). Compared to the solution spectra, these spectra 
are shifted 6-7 nm toward the blue; the spectral patterns 
are similar, however. 

Methanesulfonic acid has been found to be a good and 
transparent solvent for p01ypeptides.l~ In this solvent, 
polypeptides are usually in a disordered conformation be- 
fore degradation occurs.18 A titration study of poly[(S)-P- 
aminobutyric acid] in HFIP-methanesulfonic acid 
mixtures clearly indicates that  the spectra change as the 
amount of acid is increased. The results are shown in Fig- 
ure 4. At 0.1% concentration of acid in HFIP, a strong posi- 
tive peak is observed a t  215 nm. As the concentration of the 
acid is increased up to 1%, the intensity of the peak in- 
creases. Above 1% the intensity gradually decreases. At 
100% acid, a positive band is visible at 212 nm with molar 
ellipticity 3.6 x lo3 deg cm2/dmol. 

Infrared Studies. Infrared spectra of poly[(S )-&amino- 
butyric acid] were measured in HFIP (Figure 5). A de- 
creased absorbance relative to the reference (“negative ab- 
sorption”) appears between 3380 and 3120 cm-’. This ab- 
sorption masks the amide A band (N-H stretching) of the 
polymer. An amide I band is observed at  1640 cm-I and an 
amide I1 band appears a t  1525 cm-’, with a small shoulder 
a t  1515 cm-l. Absorption of the solvent prevents infrared 
measurements below 1450 cm-l. 

Due to solvent absorption the ir spectrum of the polymer 
in HFA is unavailable. However, a deuterium exchange can 
be obtained in hexafluoroacetone deuterate. The N-deuter- 
ated amide I’ band has a peak a t  1615 cm-’ and a shoulder 
at 1625 cm-l. The amide 11’ band is observed a t  1460 cm-’. 
The large shift of the amide 11’ is associated with the N-D 
bending mode and C-N stretching mode. 

Films cast from HFA and HFIP solutions were also ex- 
amined by infrared spectroscopy. The spectra of these 
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Figure 4. Circular dichroism of poly[(S )-fl-amiiiobutyric acid] in 
hexafluoroisopropyl alcohol-methanesulfonic acid mixtures. 

films can be clearly observed from 4000 to 250 cm-’. The 
results are similar to those reported by S ~ h m i d t . ~  

Ultraviolet Studies. The ultraviolet spectrum of 
poly[(S )-@-aminobutyric acid] in HFIP shows an absorp- 
tion maximum at 192 nm [e,,, = 9180 f 5% M-I  cm-l] 
(Figure 6). On the addition of water, the maximum shifts to 
a longer wavelength, Le., near 197 nm. The overall spec- 
trum is similar to that of the @ structure of poly(~-serine),lg 
which has a Amax at  191 f 3 nm and tmax of 7550 f 50. A 
A,,, is observed in HFA - 1.5(&0) a t  191 nm. A similar red 
shift is noted on the addition of water. 

Discussion 
As can be seen from Figure 1, the overall shape of the CD 

spectrum of poly[@)-@-aminobutyric acid] in HFIP is very 
similar to that reported for several polypeptides in a @ con- 
formation.12J5J6 Poly(L-lysine) in aqueous solution 
shows a negative band at  217-218 nm and a strong positive 
band at  195-198 nm. Poly(~-ser ine) l~  in the same @ confor- 
mation also exhibits positive and negative extrema at  222 
and 197 nm, respectively. Since poly[(S)-@-aminobutyric 
acid] lacks side chains which absorb over the wavelength 
range studied (260-190 nm), the bands in the CD spectrum 
of this polymer may be characterized in terms of rotational 
strengths and oscillatory strengths. The positive peak at  
197 nm is assumed to arise from excited resonance interac- 
tions of the A-T* transition, while the 217-nm band is asso- 
ciated with a n-a* electronic transition. The relatively 
small magnitudes for the molar ellipticities of this polymer 
in HFA . 1.5(HzO) may be attributed to the decreased sta- 
bility of the (3 conformation. Goodman, et a1.,14 have 
found that isoleucine oligomers can be partially disrupted 
by HFA * 1.5(H@) but not by HFIP. This solvent effect is 
probably due to the increased acidity of HFA 1.5(H20) 
compared with HFIP.20 

The increasing absolute values for the ellipticity of the 
CD spectra in HFIP-water and HFA-water mixtures clear- 
ly represent the increase of the s-~* and the n-s* transi- 
tions. The observed blue shift is due to the increasing di- 
electric constants of the solvent media. The addition of 
water to the solutions apparently enhances the formation 
of the @-associated structure; the polymer becomes less sol- 
vated when water is introduced into the solution. This 
tends to favor the attractions between the polymer back- 
bone and the hydrophobic side chains, which will stabilize 

Figure 5. Infrared spectrum of poly[(S)-b-aminobutyric acid] in 
hexafluoroisopropyl alcohol us. hexafluoroisopropyl alcohol as a 
reference solvent. 

@-like structures. Similar phenomena have been reported 
by Goodman, et al., l4 in the study of isoleucine oligomers, 
which showed a sharply increasing dichroism at 217 nm 
when the water concentration in HFA is between 20 and 
40%. Their results suggest that  the addition of water causes 
the oligomer to assume a @ conformation. The magnitudes 
of the CD bands observed in HFIP-H20 and HFA-H20 
mixtures are about twice as large as those observed for 
other @ structures and those calculated theoreti~ally.~l-2~ 
However, the presence of an additional group in the main 
chain of poly(@-amino acids) may appreciably alter the in- 
terpeptide coupling which gives rise to the observed CD 
bands. 

The CD spectrum of the poly[(S)-@-aminobutyric acid] 
film is similar in shape, wavelength of extrema, and zero 
crossover point to that observed in HFA with 30% water 
and in HFIP with 5% water present in the solution, respec- 
tively (Figures 1 and 2). The @ conformation with the anti- 
parallel chains for the polymer film has been confirmed by 
Schmidt5 by using X-ray and polarized infrared dichroism. 
This evidence strongly supports our CD assignments. 

Figure 4t shows the spectral changes on the addition of 
methanesulfonic acid. I t  is well known that a strong acid 
can induce R helix-coil or an order-disorder transformation 
in polypeptide  system^.^^,^^ The spectral changes on the 
addition of acid indicate a conformational change. The CD 
pattern which we attribute to the @ structure disappears on 
addition of methanesulfonic acid. Only a positive band is 
observed. The intensity of the peak is decreased by adding 
more acid; this has been attributed to protonation of the 
amide  chromophore^.^^ In pure methanesulfonic acid, the 
CD spectrum of this polymer is similar to that of poly(L- 
phenylalanine) and poly(y-e thyl -~-g lu tamate) .~~J~ The 
observed positive band is shifted 4-5 nm toward the red 
and the intensity is several times higher than the polypep- 
tides in the ‘‘random coil” state. Similarly, Goodman, et 
al., 28  reported that the addition of 1% sulfuric acid to the 
alanine nonamer in trifluoroethanol solution completely 
destroys the CD pattern for the @ structure. Montaudo and 
O ~ e r b e r g e r ~ ~  recently investigated the effect of meth- 
anesulfonic acid on the CD spectra of some asymmetric 
polyamides. From their studies, they concluded that pro- 
tonation of amide units by methanesulfonic acid creates 
enough charge repulsion to cause the observed conforma- 
tional change. 

In the infrared studies, a “negative absorption” was ob- 
served between 3400 and 3100 cm-’ for poly[(S )-@-amino- 
butyric acid] in HFIP. In the same solvent poly(L-alanine)6 
shows a “negative absorption’’ near 3600 cm-l. Middleton 
and Lindsey20 reported that HFIP has a nonbonded hy- 
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Figure 6. Ultraviolet absorption spectrum of poly[(S)-@-amino- 
butyric acid] in hexafluoroisopropyl alcohol and in hexafluoroiso- 
propyl alcohol-5% water. 

droxyl stretching band at  3610 cm-1 carbon tetrachloride 
solution and a hydrogen-bonded hydroxyl stretching band 
at  3205 cm-l in tetrahydrofuran. Therefore, these “nega- 
tive absorptions” may arise from specific solvent-solute hy- 
drogen bonds which give less intense infrared bands than 
those hydrogen bonds present in the HFIP sovent alone. 
The amide I1 band centered at  1525 cm-1 is very close to 
that of the antiparallel /3 structure for poly(y-benzyl-L-glu- 
tamate) a t  1524 cm-l. Strong N-H bands located a t  3284 
and 3082 cm-l were observed in the spectra of polymer 
films. This shows strong hydrogen bonding in the polymer. 
The amide I band of the polymer film is a t  the same posi- 
tion as in HFIP a t  1640 cm-l. This value is usually ob- 
served in  polyamide^.^^ Polarized infrared studies on 
stretched films of poly[@ )-0-aminobutyric acid] were car- 
ried out by S ~ h m i d t . ~  In the amide I region, more intense 
absorption bands were observed in the direction perpendic- 
ular to the stretching direction than those in the parallel 
direction. This indicates that a strong hydrogen bond is 
perpendicular to the chain axis and is strong evidence for 
the @-associated structure. 

Lastly, the ultraviolet spectrum of poly[@)-&amino- 
butyric acid] with a Amax a t  192 nm in HFIP is very close to 
the p structures for po ly(~- lys ine)~l  and poly(~-serine).’~ 
Our polymer shows a higher extinction coefficient than 
polypeptides in the similar structure. When water is added 
to the HFIP solution, the absorption maximum of the poly- 
mer shifts to the red. The same phenomenon is also ob- 
served for the structure of poly@-serine). 

Conclusion 
The p conformation of poly[(S )-8-aminobutyric acid] in 

HFIP has been determined using the uv, ir, and CD studies 
described above. When a trace amount of water is added to 
a solution of the polymer in HFIP, the amount of f l  struc- 
ture is enhanced. Poly(L-alanine) in HFIP with a trace of 
water forms a distorted 01 helix.6 The additional cu-methy- 
lene group in poly[(S)-(3-aminobutyric acid] leads to a pref- 
erence for a @ conformation in solution and in the solid 
state. In the presence of methanesulfonic acid, the p con- 
formation is disrupted. 

We intend to synthesize the N-methylated poly[(S)-& 
aminobutyric acid] to compare its conformation with that 
of our previously reported poly(N -me thy l -~ -a l an ine ) ,~~  
which exhibits an ordered helical structure in helix-sup- 
porting solvents but a disordered structure in the presence 
of trifluoroacetic acid. We expect these studies will add to 
our understanding of the conformational properties of po- 
lypeptides as well as poly(@-amides). 
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