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of certain groups between soluble and crystalline pro- 
teins are expected, since a small number of these groups 
are likely to participate in intermolecular interactions 
responsible for molecular order in the crystal. Five to 
ten ionizable groups are involved in interactions of this 
sort in myoglobin, a s a c i e n t  number to explain the 
titration differences found for the larger hemoglobin 
molecule. Any structure comparison between crystal 
and solution which is based upon their reactivities must 
consider new intermolecular interactions as a source of 
differences, and only a difference unaccountable in these 
terms can be used to infer a structural change. 

The titration data just quoted and those obtained in 
this work show that ionizing groups in the crystalline 
protein are accessible and behave normally. They 
participate with hydrogen ions in rapidly established 
equilibria, characterized by constants the same or 
nearly the same as for the soluble protein. Conse- 
quently, it is reasonable to expect that reactions such 
as those routinely used for protein study will yield 
data interpretable in terms of a comparison between the 
crystal and solution. Several such experiments have 
recently been reported. Banaszak et al. (1963) studied 
the reaction of bromoacetate with the histidines of myo- 
globin, and found that the same groups reacted in the 
crystal and solution. Doscher and Richards (1963) 
have shown that ribonuclease is enzymically active in 
the crystal, and that only small changes in X-ray dif- 
fraction pattern are caused by substrate or inhibitor 
binding to the crystalline protein. Praissman and 
Rupley (1964) have studied the tritium-hydrogen- 
exchange behavior of insulin in solution and in the 
crystal; differences were observed which require explana- 
tion in terms of a structural change. More experiments 
of this sort are needed, and one hopes they will be 
forthcoming. 
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Poly-6-hydroxy-0-acetyl-L-a-aminovaleric acid was prepared from L-glutamic acid and was 
shown to be in a fully helical conformation in trifluoroethanol and dimethylformamide. In 
order to avoid the problem of racemization during deacetylation of poly-6-hydroxy-0-acetyl- 
L-cy-aminovaleric acid, we utilized a method involving amidolysis with 3-aminopropanol. Poly- 
6-hydroxy-L-a-aminovaleric acid was isolated and found to be soluble in 0.75-9.8 M aqueous 
lithium bromide and in hexafluoroacetone trihydrate. The conformational studies are based 
primarily on optical rotatory dispersion measurements, and reveal a transition from the random 
coil a t  lithium bromide concentrations greater than 2.75 M to the helical conformation at  about 
2.0 M lithium bromide concentration. In 0.75 M lithium bromide and in hexafluoroacetone tri- 
hydrate poly-6-hydroxy-L-a-aminovaleric acid is essentially completely helical. The poly- 
peptide precipitates from solution at  concentrations of lithium bromide below 0.75 M. 

Since water forms the natural environment of pro- (1960) attempted to prepare a water-soluble, nonionic, 
teins, poly-a-amino acids can serve most effectively high-molecular-weight, synthetic polypeptide, com- 
as model structures of Drotein conformations if thev posed of one optical isomer. Their studies were car- 
are studied in aqueous -solution. Fasman and Bloui 
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serine was prepared from its acetyl derivative, and when 
the protecting group was removed some racemization 
occurred which caused the polyserine to be water 
soluble. Optically pure poly-L-serine was recently 
prepared (Bohak and Katchalski, 1963) from poly-0- 
benzyl-t-serine by debenzylation with anhydrous hy- 
drogen bromide in dioxane. It was found to be insol- 
uble in water and soluble in hot dichloroacetic acid, 
trifluoroacetic acid, and 7.0-8.5 M aqueous lithium 
bromide. Their studies in solution were limited since 
the polymer is precipitated when the concentration of 
lithium bromide is increased above 8.5 M or decreased 
below 7.0 M. They showed that poly-L-serine has a @- 
conformation in the solid state and does not have an a- 
helix conformation in the solvent systems investigated. 

Berger et al. (1961, 1962), and Kulkarni and Blout 
(1962) succeeded in preparing a water-soluble, non- 
ionic, high-molecular-weight, optically pure, synthetic 
polypeptide. In  the latter case, poly-y-N- 12-morpho- 
linylethyll-a-L-glutamamide was prepared and found 
to be in a random conformation in water. However, 
the polypeptide undergoes a transformation from the 
random form in water to a helical conformation in 
aqueous solutions containing more than 50 ’% methanol. 
They also showed that a copolypeptide of poly-y-N- (2- 
morpholinylethyll-a-L-glutamamide with L-methionine 
is almost completely helical in water when 40% of L- 
methionine is present in the copolymer. 

We now wish to report the synthesis and conforma- 
tional studies of a new polypeptide, poly-6-hydroxy-L-a- 
aminovaleric acid (XI), which is helical in dilute solu- 
tions of aqueous lithium bromide and in a highly fluori- 
nated solvent, hexafluoroacetone trihydrate, hitherto 
not used to study polypeptides in solution. 

Blout et al. (1960) suggested that there are two broad 
classes of a-amino acids: (I) those which form a-helical 
structures and (11) those which form either random or fl  
structures. The non-helix-forming polypeptides (11) 
are in turn of two types: (IIa) those with steric factors 
that prevent helix formation (R1 and R2 disubstitution 
on the @-carbon atom) and (IIb) those with heteroatoms 
(oxygen or sulfur) attached directly to the 0-carbon 
atom. 

R3 
(IW (IIb) 

Ri, Rz # H 

It was therefore not surprising to learn that poly-L- 
serine, poly-0-acetyl-L-serine, and poly-0-benzyl+ 
serine do not form helical structures since they fall into 
class (IIb). In order to be assured that the hydroxyl 
function in the side chain does not destroy all helical 
structure, we prepared optically pure poly-6-hydroxy-L- 
a-aminovaleric acid. 

z = 0,s 
Ra = H, alkyl, etc. 

RESULTS AND DISCUSSION 
Synthesis of Poly-6-hydr0x.y-L-a-aminovuleric Acid.- 

The synthesis of poly-6-hydroxy-L-a-aminovaleric acid 
involves several unique problems. 6-Hydroxy-DL-a- 
aminovaleric acid has been prepared from butyrolac- 
tone (Plieninger, 1950) and 2,3-dihydrofuran (Gaudry, 
1951). The racemic compounds from these prepara- 
tions were resolved by asymmetric hydrolysis of the N- 
chloroacetyl derivative (Greenstein, 1952; Berlinquet 
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SCHEME  PREPARATION OF ~-HYDROXY-L- (U-AMINOVA- 

LERIC ACID AND ~-HYDROXY-~-ACETYL-L-WAMINOVALERIC 
ACID. 

and Gaudry, 1952). Since optically pure polypeptides 
are essential, we thought it necessary to devise a syn- 
thetic scheme that does not depend on resolution. 
This was achieved by using optically pure L-glutamic 
acid as the starting material. Scheme I summarizes 
the reactions we carried out to prepare 6-hydroxy-L-a- 
aminovaleric acid (VII). This was shown to possess 
essentially the same degree of optical purity as the 
product obtained by enzymatic resolution of the racemic 
material. 

In order to prepare a polymer from 6-hydroxy-L-a- 
aminovaleric acid it is necessary to block the hydroxyl 
function with a suitable protecting group. Although 
DL-serine-N-carboxyanhydride and L-serine-N-carboxy- 
anhydride have been successfully synthesized (Fasman 
and Blout, 1960) it was found that high-molecular- 
weight polymers could not be obtained from these 
monomers. Several different protecting groups have 
been used for hydroxyl functions. Derivatives of 
serine such as 0-acetyl were used almost exclusively in 
polypeptide synthesis (Fasman and Blout, 1960; 
Sheehan et al., 1956). 

Recently Bohak and Katchalski (1963) showed that 
deacetylation of poly-0-acetyl-L-serine in alkaline 
medium gives rise to a significant amount of racemiza- 
tion. They also showed that the 0-benzyl derivative 
of poly-L-serine could be removed under acidic condi- 
tions without racemization. However, 0-benzyl-L- 
serine was prepared by a resolution of the racemic com- 
pound since direct preparations from L-serine were 
unsuccessful (Marvel et al., 1940; Okawa and Tani, 
1954; Wuensch and Fuewt, 1962). 

We undertook the direct preparation of acid-sensitive 
protected derivatives of L-serine and DL-Serine and met 
with failure. These attempts involved the initial con- 
version of serine to its copper complex. When the com- 
plex was treated with carbobenzoxy chloride or p -  
nitrocarbobenzoxy chloride, the protected chelates were 
successfully isolated. 

Treatment of the complex with benzyl bromide, 
benzyl chloride, or benzyl iodide under a variety of 
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reaction conditions failed to give the copper chelate of 0- 
benzylserine. This entire approach to the problem of 
protecting the hydroxyl function by this technique was 
abandoned when it was discovered that all methods for 
breaking the chelates also remove the protecting groups. 

We decided that the acetyl derivative is the most suit- 
able protecting group. The resulting protected poly- 
peptide can be deacetylated by a new technique using 
nearly neutral conditions by amidolysis with 3-amino- 
propanol. Scheme I1 summarizes the reactions car- 

0 
N 

NH-C, 

CH-C I ?  
H C 1 .NH2- C H- C 02 H 

I 

0 
VI11 

0 
IX 

SCHEME II.-PREPARATION OF POLY-~-HYDROXY-~-ACE-  
TYGL-a-AMINOVALERIC ACID AND POLY-~-HYDROXY-L- a- 
AMINOVALERIC ACID. 

ried out to prepare poly-6-hydroxy-L-a-aminovaleric 
acid. 
6-Hydroxy-0-acetyl-L-a-aminovaleric acid (X) was 

polymerized to a reasonably high DP in nitrobenzene 
using triethylamine as the initiator (AlI = 28) [qlC-., 
= 0.53 in dimethylformamide. The polymer is soluble 
in dichloroacetic acid, dimethylformamide, and tri- 
fluoroethanol. Deacetylation of the polypeptide to 
form poly-6-hydroxy-L-a-aminovaleric acid (XI) was 
carried out by two methods. Method A involves the 
treatment of a solution of poly-6-hydroxy-O-acetyl-L-a- 
aminovaleric acid in nitrobenzene with 1.2 equivalents 
of methanolic sodium methoxide. The resulting poly- 
peptide was characterized as a monohydrate of poly-6- 
hydroxy-L- a-aminovaleric acid. It was completely 
soluble in dichloroacetic acid and very slightly soluble 
in water. This slight solubility in water may be an 
indication of some racemization since it was shown (as 
noted above) that the homologous optically pure poly-L- 
serine is completely insoluble in water (Bohak and 
Katchalski, 1963). However, when small amounts of 
m-serine residues are incorporated in the chain, the 
polypeptide becomes markedly soluble in water (Fas- 
man and Blout, 1960). 

Bohak and Katchalski (1963) reported that exhaus- 
tive deacetylation of poly-0-acetyl-L-serine with hy- 
drazine does not cause racemization and yields a water- 
insoluble poly-L-serine. However, they reported 
partial hydrazinolysis of the peptide backbone. We 
succeeded in preparing poly-6-hydroxy-L-a-aminovaleric 
acid by deacetylation with 3-aminopropanol. The 
polymer prepared by this method is a hemihydrate and 
is completely insoluble in water. It is also soluble in 
dichloroacetic acid, 0.75-9.8 M aqueous lithium bro- 
mide, and exhibits an intrinsic viscosity, [TI-, = 0.14 
in dichloroacetic acid. The polypeptide precipitates 
from solution a t  concentrations of lithium bromide 
less than 0.75 M. 

Conformational Studies of Poly-6-hydroxy-0-acetyl-L-a- 
aminovakric Acid.-Optical rotatory dispersion (ORD) 1 

studies of poly-6-hydroxy-0-acetyl-L-a-aminovaleric 
acid were carried out in dimethylformamide, trifluoro- 
ethanol, and dichloroacetic acid. We based conforma- 
tional assignments in part on two parameters, A, and 
bo, derived from ORD measurements which have been 
very useful for detecting helicity in other similar poly- 
peptides. As the fraction of helicity for a polypeptide 
increases, the bo approaches a theoretical value of - 630 
for the right-handed helix (Moffitt, 1956a,b). At the 
same time the A, plot from the Drude equation becomes 
nonlinear (Yang and Doty, 1957). It has also been 
empirically shown that most polypeptides have a con- 
formationally dependent Cotton effect with a trough 
at  233 mM and an inilection point a t  225 mp (Simmons 
et al., 1961). Therefore we possess an additional 
method for determining helicity which involves direct 
measurement of the Cotton effect a t  233 mp. For 
poly- y-benzyl-L-glutamate in a fully helical conforma- 
tion this Cotton effect is negative with a residue rota- 
tion, [R’]233 = -12,700. When [R’]233 = -1800 the L- 
configuration polypeptide is assumed to be in a fully 
random conformation. Table I summarizes the opti- 

TABLE I 
SPECIFIC ROTATIONS AND DERIVED CONSTANTS FOR POLY- 

8-HYDROXY-0-ACETYL-L- a-AMINOVALERIC ACID AT 25.0’ 

Dimethylfonn- $10. l a  -534 Nonlinear 

Trifluoroethanol - 26.5  - 757 Nonlinear - 15,400 
Dichloroacetic - 3 1 . 4  + 9 5 . 9  

amide 

acid 
a This value was measured at 550 mp. 

cal rotatory properties of poly-6-hydroxy-0-acetyl-L- CY- 
aminovaleric acid. 

From Table I it can be concluded that poly-6-hy- 
droxy-0-acetyl-L-a-aminovaleric acid is in a fully helical 
conformation in dimethylformamide and trifluoro- 
ethanol. 
( -757 and -15,400, respectively) in trifluoroethanol 
have been observed for other helical polypeptides in 
this solvent (M. Goodman and M. A. Stake, unpub- 
lished results). In dichloroacetic acid (a helix-breaking 
solvent) the bo value of +96 indicates that most of 
the secondary structure has been destroyed. 

Conformational Studies of Poly-6-hydroxy-L-a-amino- 
valeric Acid.-Optical rotatory dispersion studies of 
poly-6-hydroxy-L-a-aminovaleric acid (XI) were car- 
ried out only on the sample obtained from amidolysis 
of the 0-acetyl precursor in hexafluoroacetone trihy- 
drate, 0.75-9.8 M aqueous lithium bromide, and di- 
chloroacetic acid. In hexafluoroacetone trihydrate, 
the bo, A,, and [R’]2S3 values are -607, nonlinear, and 
- 11,600, respectively. 

These results indicate that poly-6-hydroxy-L- a- 
aminovaleric acid is in a fully helical conformation in 
hexafluoroacetone trihydrate. This secondary struc- 
ture is almost completely destroyed in dichloroacetic 
acid where 60 = +33. Measurements of bo and [R’]233 
were also carried out in aqueous lithium bromide a t  
polymer concentrations between 0.19 and 0.23% a t  

The unusually large values of bo and 

Abbreviation used in this work: ORD, optical rotatory 
dispersion. 

*Our laboratory is currently engaged in the study of 
hexafluoroacetone trihydrate and other fluorinated solvents 
on polypeptide solubility and structure. These results will 
be reported elsewhere. 
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FIG. 1.-The plot of bo versus molarity of lithium bromide. 
The measurement a t  0.0 M LiBr was taken in hexafluoro- 
acetone trihydrate. 

25.0'. The polymers were dissolved in a small meas- 
ured volume of 9.8 M aqueous lithium bromide and 
diluted with water to give the required concentrations. 
When dilutions exceed 0.75 M LBr,  the polymer pre- 
cipitates from solution. Figures 1 and 2 depict the 
change in bo and [R']233 with molarity of lithium bro- 
mide. It can be seen that there is a transition from the 
random to the helical conformation at  about 2 M LiBr. 
In 2.75 M LiBr the bo and [R']233 values are, respec- 
tively, -65 and -4700; in 2.0 M LiBr the values are 
-340 and -7380, respectively. At lower salt con- 
centrations the trend toward increased helicity con- 
tinues: in 0.75 M LiBr the bo and [R']233 values were 
-414 and - 11,300, respectively. 

We also observed a slight blue shift in the Cotton- 
effect trough as the polypeptide went from the random 
coil to the helical c~nformation.~ Therefore, in 9.8 M, 
9.2 M, and 7.4 M LiBr solutions the Cotton-effect 
trough appeared at  235 mp. A t  LiBr concentrations 
5 4.9 M the trough appeared a t  233 mp. 

EXPERIMENTAL 

Materials.-L-Glutamic acid was purchased from the 
Mann Research Laboratories. Benzene and dioxane 
(Brothers Chemical Corp., Orange, N. J.) were refluxed 
over, distilled from, and stored over sodium ribbon. 
Dimethylformamide was fractionally distilled a t  re- 
duced pressure. Triethylamine (Matheson, Coleman 
and Bell) was distilled from calcium hydride at  at- 
mospheric pressure. Trifluoroethanol (Columbia Or- 
ganic Chemical Co., Columbia, S. C . ) ,  and dichloroacetic 
acid (Fisher, purified) were used without further purifi- 
cation. Hexafluoroacetone trihydrate was kindly fur- 
nished by the Allied Chemical Corp. Chloroform 
(Brothers Chemical) was purified by refluxing over and 
distillation from phosphorus pentoxide. Tetrahydro- 
furan (Matheson, Coleman and Bell) was purified by 
standing over potassium hydroxide, decantation, and 
distillation from lithium aluminum hydride. 

3This effect was first observed by M. Goodman and 
I. G. Rosen in a different series of measurements. 

- I o o o  s 

-6000F -7000 b 

LiBr , M 

FIG. 2.-The plot of [R'I2a3 versus molarity of lithium 
bromide. The measurement at 0.0 M LiBr was taken in 
hexafluoroacetone trihydrate. The points at 9.8, 9.2, and 
7.4 M LiBr were observed a t  235 mp. 

Optical Rotatory Dispersion.-Measurements of bo 
were carried out on the Rudolph Model 80 photoelec- 
tric polarimeter equipped with a constant-temperature 
bath set a t  25.0 f 0.5 ' and a xenon light source (Han- 
ovia 150-w 901-C1 source). Measurements of bo were 
computed using X = 589-370 mp and path length = 
2 dm. The ultraviolet-rotatory-dispersion measure- 
ments in the 233-mp region and some bo measurements 
were carried out on the Bendix-Ericsson Model B auto- 
matic recording spectropolarimeter equipped with a 
xenon light source as before. The jacketed cells (pre- 
pared by Optical Cell Co., Inc., Brentwood, Md.) had 
path lengths of 1.0-5.0 mm and were held a t  25.0 =k 
0.3" by means of a constant-temperature bath. Resi- 
due rotations were corrected for the refractive index 
of the solvent a t  589 mp. The concentration of the 
sample used for the bo measurements was the same as 
that used for determination of jR'I233. 
Synthetic Procedures 

N-p- Toluenesulfonyl-L-glutamic Acid (111) .-This 
compound was prepared by the method of Rudinger 
et al. (1959) from L-glutamic acid and crude p-toluene- 
sulfonyl chloride. The reaction mixture afforded an 
80% yield of product with mp 123.5-126.0'. Re- 
crystallization from water gave a product with mp 

Anhydrous 1 -p- Toluenesulfonyl-~-pyrrolid-5-one-2-car- 
boxylic Acid (IV).-This material was prepared by a 
modification of the procedure of Rudinger et al. (1959). 
A mixture of dry, finely powdered K-p-toluenesulfonyl- 
L-glutamic acid (111) (30 g, 0.099 mole) in dry chloro- 
form (300 ml) was placed in a 500-ml round-bottomed 
1-necked flask equipped with a distilling column and 
head, heating mantle, and magnetic stirrer. The reac- 
tion took place in a well-ventilated hood. Phos- 
phorus trichloride (10 ml, 15.7 g, 0.11 mole) was added 
cautiously and the suspension gently refluxed until the 
solution cleared (5 minutes). The solvent was re- 
moved under reduced pressure and the glassy residue 
was triturated with 100 ml of water and decanted, and 
the process was repeated twice more. Cooling over- 
night a t  - 5 ' afforded 24.6 g (82 %) of white crystalline 
monohydrate, mp 69-73 O decomp. The monohydrate 

127.5-128.2 '. 
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was converted to anhydrous 1-p-toluenesulfonyl-L- 
pyrrolid-5-one-2-carboxylic acid by azeotropic dis- 
tillation with benzene containing a small volume of 
ethanol to dissolve the monohydrate. On cooling 
overnight a t  - 5 " the anhydrous product was obtained 
almost quantitatively; mp 126.5-128.5 O decomp 
(Rudinger [1954a], reported mp 129-130 "). 

Lithium 1 -p-Toluenesulfonyl-~-pyrrolid-5-one-2-car- 
boxylate (V)  .-Anhydrous 1-p-toluenesulfonyl-L-pyr- 
rolid-5-one-2-carboxylic acid (IV) (4.25 g, 0.015 mole) 
was dissolved in 50 ml of anhydrous methanol. To this, 
lithium ribbon (0.104 g, 0.015 mole) which was reacted 
with 50 ml of anhydrous methanol was added with stir- 
ring. Stirring continued for 10 minutes, after which 
the solution was evaporated to dryness leaving 4.33 g 
(100 %) of the salt; mp > 275 ". 
6-Hydroxy-L-a-tosylaminovaleric Acid ( V I )  .-A mix- 

ture of the lithium salt (V) (2.90 g, 0.010 mole) in dry 
tetrahydrofuran (40 ml) was placed in a 500-ml round- 
bottomed 3-necked flask equipped with a reflux con- 
denser, dropping funnel, heating mantle, and magnetic 
stirrer. Lithium borohydride (0.78 g, 0.042 mole) in 
dry tetrahydrofuran (20 ml) was added dropwise with 
stirring over a period of 10 minutes. An additional 20 
ml of tetrahydrofuran was used for rinsing the dropping 
funnel. The reaction mixture was stirred and refluxed 
overnight, after which the solvent was removed under 
reduced pressure. The residue was diluted in 40 ml of 
water and acidified by careful addition of 5 M HC1 to pH 
2. After cooling at  0" there was obtained a yield of 
1.87 g (65%) of white crystals. Crystallization from 
benzene-ethanol gave a product having mp 162.0- 
162.5" decomp [a]: = 16.92 (c = 1.6, absolute 
ethanol); neutralization equivalent = 291 (theory = 
287). 

Anal. Calcd for CL2H17NS05: C, 50.16; H, 5.97; 
N, 4.88. Found: C. 50.57; H, 6.23; N, 4.73. 

The reduction was also carried out in slightly lower 
yield by generating lithium borohydride in situ from 
potassium borohydride-lithium chloride. 
6-Hydroxy-L-a-aminovaleric Acid (VII) .-This com- 

pound was prepared by a modification of the procedure 
used by Rudinger (1954b) for the detosylation of L- 
glutamine. 6-Hydroxy-L- a-tosylaminovaleric acid (VI) 
(5.74 g, 0.02 mole) was placed in a 3-necked round- 
bottomed flask equipped with a mechanical stirrer and 
glass paddle, and fitted with two guard tubes tilled with 
sodium hydroxide pellets. Liquid ammonia (200 ml) 
was added carefully and the solution was stirred until 
clear. Sodium (-3 g, -0.130 g-atom) was added 
gradually in thin slices to the rapidly stirring solution. 
The end of the reaction was indicated by a dark-blue 
coloration stable for more than 3 minutes. Solid am- 
monium acetate was added to this blue solution until 
the blue coloration disappeared. The ammonia was 
allowed to evaporate by continued stirring at  room 
temperature. The last traces of ammonia were re- 
moved by evacuating the flask at  the water aspirator 
and warming to 40 ". The dry residue was dissolved in 
40 ml of ice water and stirred for 1 hour with 20 g of a 
carboxylate-ion exchanger (Amberlite IRC-50) in the 
form of its ammonium salt. The exchanger was re- 
moved by filtration and washed with deionized water. 
The combined aqueous extracts were evaporated in 
uacuo at  less than 40" to a volume of 30 ml. Barium 
acetate (1 M) (30 ml) was added and the precipitate re- 
moved by the combined processes of centrifugation 
and decantation. The precipitate was washed with 
two more portions of deionized water (25 ml each ). The 
aqueous extracts were combined and freeze dried to a 
small volume. A large excess of absolute ethanol was 
added and the solution was cooled overnight a t  0".  

Filtration and drying afforded 1.39 g (52%) of white 
crystalline amino acid which gave a positive ninhydrin- 
spot test. After two more crystallizations from 
ethanol-water, material with mp 220-220.5 " decomp 
(uncor) was obtained (lit. [J. Rudinger, private com- 
munication] reported mp 221-222" decomp). [a]: = 
28.2" (c  = 1.9, 6 M HC1); [MI'," = 37.5" (c = 1.9, 6 M 
HC1) (lit. [Greenstein and Winitz, 19611 reported 
[MI'," = 38.3" [c = 2, 5 M HCl] and [Berlinquet and 
Gaudry, 19521 [a12 = 28.8" [c = 2, 6 M HCl]) for 
product prepared by enzymatic resolution of the stereo- 
isomers. 

Anal. Calcd for CjHIINOs: C ,  45.10; H, 8.33; N, 
10.52. Found: C, 44.98; H, 8.16; N, 10.27. 

6-Hydroxy-0-acetyl-L-a-aminovaleric Acid Hydrochlo- 
ride (VIII).-This compound was prepared by a modifi- 
cation of the procedure used by Sheehan et al. (1956) 
for Q-acetyl-L-serine hydrochloride. A solution of 6- 
hydroxy-L-a-aminovaleric acid (VII)  (0.62 g, 0.0047 
mole) in 31 ml of fresh glacial acetic acid was placed 
in a 125-ml 3-necked round-bottomed flask. The 
solution was suspended in an ice bath and hydrogen 
chloride was bubbled in over a period of 25 minutes to 
ensure saturation. The pale-yellow solution was 
stoppered and stood overnight a t  room temperature. 
The reaction mixture was evaporated in vacuo a t  less 
than 40" to a clear oil. The oil was taken up in 31 ml 
of glacial acetic acid and saturated again with hydrogen 
chloride, stoppered, and allowed to stand overnight. 
The reaction mixture was evaporated to dryness again 
leaving a solid yellow residue. The residue was taken 
up in 10 ml of absolute ethanol, precipitated with an 
excess of anhydrous ether (200 ml) and placed in the 
refrigerator overnight. Filtration in the dry box af- 
forded 0.82 g (83%) of pale-yellow solid. Crystalliza- 
tion from ethanol-ether gave product with mp 127- 
128" decomp; [a]:  = 19.82" (c = 1.0, 6 M HC1). 

6-Hydroxy-0-acetyl-L- a-aminovaleric Acid ( VIIIa) .- 
It was also possible to prepare the free amino acid by a 
modiiication of the procedure described above for the 
hydrochloride. After the usual reactions with glacial 
acetic acid and hydrogen chloride the residue obtained 
on evaporation was diluted in a minimum of deionized 
water and run through a column containing Amberlite 
IR-45 ion exchanger. Additional volumes of de- 
ionized water were run through the column until the 
eluate gave a negative ninhydrin-spot test. The large 
aqueous solution was freeze dried to dryness leaving an 
89% yield of amino acid. Crystallization from water- 
ethanol-ether gave product having mp 219-220 " de- 
camp (uncor), [a]'," = 23.34" (c = 1.14,6 M HC1). 

Anal. Calcd for C7H13N04: C, 47.99; H, 7.48; N, 
8.00. Found: C, 47.70; H, 7.20; N, 8.47. 

6-Hydroxy-0-acetyl-L-a-aminovaleric Acid N-Carboxy- 
anhydride (IX) .-This preparation was carried out 
by a modification of the procedure used by Fasman and 
Blout (1960) for 0-acetyl-L-serine N-carboxyanhydride. 
6-Hydroxy-0-acetyl-L-a-aminovaleric acid (VIIIa) (3.30 
g, 0.019 mole) was suspended in dry dioxane (135 ml) 
in a 3-necked 250-ml round bottomed flask equipped 
with a magnetic stirring apparatus and immersed in an 
oil bath. The flask was fitted with a gas-inlet tube and 
a water-jacketed distilling column attached to a tolu- 
ene-ammonium hydroxide-trap system. The entire 
apparatus was placed in a well-ventilated hood. The 
mixture was gently stirred while phosgene was bubbled 
in for 1.5 hours and the temperature maintained at  50- 
60". Nitrogen was then passed through the clear 
solution for another 1.5 hours. The reaction mixture 
was evaporated to dryness in vacuo. The thick yellow 
oil that remained resisted all attempts a t  crystallization. 
The last traces of solvent were removed by pumping the 
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oil out in vacuo for several hours leaving 3.18 g (83.7%) 
of a thick pale-yellow oil whose infrared spectrum re- 
vealed all the peaks characteristic of an N-carboxyan- 
hydride. Compound IX was also prepared as a thick 
oil from the amino acid hydrochloride (VIII) in 96.3y0 
yield. Its infrared spectrum was identical to that ob- 
served when the free amino acid was used as starting 
material. 

Poly-6-hydroxy-0-acetyl-L-a-aminovaleric Acid (X).- 
METHOD A.--6- Hydroxy - 0 - acetyl - L . a - aminovaleric 
acid N-carboxyanhydride (IX) (379 mg, 1.88 mmoles) 
was dissolved in dry nitrobenzene (7.5 ml) and initiated 
with triethylamine (0.17 ml) of 0.4 M in benzene (6.8 X 
10-2 mmole, A / I  = 28). The solution was placed in a 
desiccator over calcium chloride and polymerization 
was allowed to proceed for 2 days. The viscous reac- 
tion mixture was poured into anhydrous ether (60 ml) 
with stirring. The precipitated polymer was centri- 
fuged and washed several times with ether. The 
polymer was dried in vacuo at  60" yielding 230 mg 
(77.7 %) of an off-white fibrous solid. It was soluble in 
dichloroacetic acid, dimethylformamide, and tduoro-  
ethanol, and slightly soluble in chloroform. The 
viscosity was measured in dimethylformamide (co = 
0.5%) and gave [A],, = 0.53. This corresponds to 
a DP of about 370 when compared to the poly-y-benzyl- 
glutamate system (Doty et al., 1956). 

Anal. Calcd for C7HuNOa: C, 53.49; H, 7.06; N, 
8.91. Found: C, 53.49; H, 7.24; N,9.07. 

METHOD B. - 6-Hydroxy-0-acetyl-L-a-aminovaleric 
Acid N-carboxyanhydride was polymerized under iden- 
tical conditions as described in method A with the ex- 
ception that dimethylformamide was used as a solvent. 
A 78 % yield of white crystalline polymer was obtained. 
Infrared spectra of polymers from methods A and B 
were found to be identical. 
Poly-6-hydroxy-L-a-aminovaleric Acid (XI).-Poly-6- 

hydroxy-0-acetyl-L-a-aminovaleric acid (X) was de- 
acetylated by (A), the method used by Fasman and 
Blout (1960) for the L-serine homolog and (B) by 
amidolysis with 3-aminopropanol in a manner related 
to those described independently by Berger et al. 
(1961, 1962) and Kulkarni and Blout (1962). 

METHOD A. - Poly-6-hydroxy-0-acetyl-L-a-amino- 
valeric acid (X) (33.4 mg, 0.213 mmole) was dissolved 
in nitrobenzene (4 ml). Addition of sodium meth- 
oxide (1.19 ml of 0.2141 M in methanol, 0.256 mmole) 
caused the solution to become somewhat cloudy. The 
solution was stirred for 2 days and poured into anhy- 
drous ether (25 ml) . The precipitated polymer was iso- 
lated by centrifugation and was washed several times 
with ether. The residual yellow solid was suspended 
in 5 ml of deionized water and dialyzed versus water 
for 10 hours.4 The suspension was filtered through a 
medium sintered funnel and the filtrate was lyophilized, 
yielding a white fluffy powder, weight 7.65 mg, 31.2%. 
Several milligrams of uncharacterized tan material were 
removed during the filtration step. The polypeptide 
was soluble in dichloroacetic acid and slightly soluble in 
water. 

Cellulose dialyzing tubing No. 4465-A2 obtained from 
Arthur H. Thomas Co. 

Anal. Calcd for CJ%NOz.HzO: C, 45.10; H, 8.33; 
N, 10.51. Found: C, 45.05; H, 7.66; N, 9.70. 

METHOD B.-Poly-6-hydroxy-0-acetyl-L- a-amino- 
valeric acid (X) (179 mg, 1.14 mmoles) was dissolved 
in 3-aminopropanol (812 mg, 0.011 mole) in a test tube. 
The tube was corked and placed in a bath a t  75 * 5". 
After 24 hours the resulting gel was stirred and re- 
placed in the bath for an additional 44 hours. The gel 
was then dissolved in deionized water and dialyzed 
versus water for 5 days. The cloudy solution was 
lyophilized yielding 131 mg of white rubbery polymer 
(86%). Infrared spectra of polymers from methods 
A and B were found to be identical. The polypepetide 
was insoluble in water and every solvent tested, with 
the exception of dichloroacetic acid, hexafiuoroacetone 
trihydrate, and aqueous lithium bromide. 
Anal. Calcd for CJ3JV02.lj2 HzO: C, 48.37; H, 

8.12; N, 11.28. Found: C, 48.40; H, 7.91; N, 11.41. 
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