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Conformation of Small Peptides. I. 
Secondary Structure in a Tetrapeptide 
Sir: 

Previous work in this laboratory has shown that a 
branched hexapeptide is hydrogen-bonded intramolec- 
ularly between the two tripeptide moieties. ' Goodman 
had earlier reported that the onset of secondary struc- 
ture occurred at the pentapeptide level in small pep- 
tides.2 It appears from our data that the tetrapeptide 
t-butyloxycarbonyl-L-valyl-L-valyl-L-alanylglycine ethyl 
ester (I) has a secondary structure in chloroform, in 
methanol, and even in hexafluoroacetone sesquihydrate 
(HFA). Only in 0.5 M K F  in HFA does I seem to 
show no secondary structure. 

The amino acid structure of I corresponds to the 
sequence 133-136 of the P chain of human hemoglobin 
A. This occurs at approximately the center of helix 
H of the P chain, a long helical segment which extends 
to the carboxyl terminus of the native p~lypept ide .~  

Tetrapeptide J was synthesized in a stepwise manner 
by the dicyclohe~ylcarbodiimide~ method. Carbo- 
benzoxy-L-alanine and glycine ethyl ester hydrochloride 
gave carbobenzoxy-L-alanylglycine ethyl ester,5 mp 
10Ck103 O, which was treated with hydrogen bromide in 
glacial acetic acid and coupled with carbobenzoxy-L- 
valine to give carbobenzoxy-L-valyl-L-alanylglycine 
ethyl ester, mp 192-192.5', [ c ~ ] ~ ~ D  4-5" (c 2.0, dimethyl- 
formamide). This tripeptide was similarly treated to 
give the crystalline tripeptide L-valyl-L-alanylglycine 
ethyl ester hydrobromide, mp 181.5-182", [ C ~ ] * ~ D  $33" 
(c 2.0, water), which was coupled with t-butyloxy- 
carbonyl-L-valine to  give I, mp 212-213', [aIz2D +77O 
( c  2.0, methanol). Anal. Calcd for C22H40N101: C, 
55.91; H, 8.53; N, 11.86. Found: C, 55.94; H, 
8.51; N, 11.75. 

Solutions of I in deuteriochloroform were examined 
in the infrared at concentrations from 1.45 X 
down to 1.45 X M .  The absorption band at 
3330 cm-' due to  hydrogen-bonded N-H showed an 
initial decrease on the first tenfold dilution, so that its 
intensity at 1.45 X M was roughly half that at 
1.45 X M .  However, the two subsequent dilutions 
produced no significant changes in the relative in- 
tensities of the 3330- and 3430-cm-' bands compared to  
the 1.45 X M sample. This concentration-in- 
dependent absorption indicates the presence of intra- 
molecularly hydrogen bonded N-H. 

The optical rotatory dispersion of I in the far-ultra- 
violet was found to  show two troughs and a positive 
peak in both methanol and HFA (see Table I). In 
methanol, the troughs occurred at 235 and 205 mp with 
the peak lying below 200 mp. A similar curve was ob- 
tained in HFA: troughs at 227 and 205 mp and the 
peak again below 200 mp. On examination of the 
peptide in 0.5 A4 K F  in HFA, the trough at ca. 230 mp 
was no longer present. The trough at 205 mp and a 
peak at 189 mp were the only distinguishable features. 

With molecular models, one can build three structures 
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Figure 1 .  The folded 4 form, 

Figure 2. The 3~ helix.' 

Table I. Mean Residue Rotations of O R D  Troughs - 
[mlzo~, t m l ~ ~ ,  

Solvent deg deg 
Methanol - 2800 -4100 
HFA - 42OO - 48Wa 
0.5 M K F i n  - 7000 . . .  b 

HFA 
-~ - 

0 Minimum shifted to 227 mp. Minimum absent. 

for I with internal hydrogen bonds. One of these 
represents the beginning of an CY helix and allows for- 
mation of a single intramolecular bond The differ- 
ences between the other two appear to be slight, and 
both allow formation of two hydrogen bonds. Struc- 
ture I (Figure 1) corresponds to the folded, antiparallel 
P-sheet conformation proposed by Schwyzer6 for cycli- 
zation of hexapeptides. The other, structure I1 (Figure 
2), is the 310 helix of Bragg, Kendrew, and Perutz' after 
Huggins.8 Our models appear to allow either a left- 
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handed or a right-handed screw sense in the 31a structure. 
The trough at 235 mp observed for I in methanol sug- 

gests the 233-mp minimum found for a-helical poly- 
peptides,g while the 227-mp trough in HFA suggests 
the minimum found for certain proteins thought to have 
the P-sheet structure.’O The 205-mp trough found in all 
our systems is probably the same as that found for the 
random-coil9 structure of polypeptides. 

The mean residue rotations observed for small pep- 
tides at the extrema of the optical rotatory dispersion 
curves have been found to  be much smaller than in the 
cases for high molecular weight polyamino acids. 
This is to be expected, since the amide groups involved 
in intramolecular hydrogen bonding in these peptides 
are so engaged on only one of their sides,2 leaving the 
other free to interact with solvent. Our data on di- 
peptides and tripeptides are similar in nature but do 
not indicate the presence of such secondary structure 
as has been found for tetra- and higher peptidesa2 
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Metalated Carboxylic Acids. I. Alkylation 

Sir : 
Aliphatic carboxylic acids and their salts have not 

been reported to metalate by a simple, generalized 
process on treatment with Grignard reagents, organo- 
lithium  reagent^,^,^ or alkali metal  amide^.^ Except 
for salts of acetic acid4* and methacrylic acid,4b homol- 
ogous metalated carboxylic acid salts apparently de- 
compose under conditions used for their formation.4a 
Arylacetic acids, as well as their salts and simple car- 
boxyl derivatives, are exceptional in that they produce 
“Ivanov” reagents on treatment with Grignard re- 
agents or “Ivanov-like” reagents on treatment with 
other organometallic  agent^.^ Phenylacetic acid has 
been metalated also with sodium (potassium) amide in 
ammonia.6 This communication reports the metala- 
tion of aliphatic carboxylic acids to  be a general 
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phenomenon which is illustrated by the metalation of 
isobutyric acid7 (1, R = C H I )  on treatment with 
lithium diisopropylamide. 
R 

I 
CH(CH3)C02H + 2LiN(i-Pr)2 + 

1 R R 
I R’X 1 

LiC(CH3)C04Li ---f R’C(CH,)C02H 
2 3 

The addition of isobutyric acid, 1 (R = CH3), to 
lithium diisopropylamide, prepared from n-butyl- 
lithium and diisopropylamine, in tetrahydrofuran- 
heptane (hexane) at 0” produced 2 (R = CH3) in homo- 
geneous solution. Metalated isobutyric acid, 2 (R = 
CHI), is apparently quite stable in the indicated solvent 
system at least up to 40”. The success of the metalation 
can be attributed in large measure to the use of lithium 
as metal, which, among other factors, confers favorable 
solubility on the metalated species.8 Homogeneous 
solutions of 2 (R = CH3) of at  least 1 M in tetrahydro- 
furan-heptane (hexane) (1 : 5, v/v) have been prepared. 
The existence of 2 (R = C H I )  could be demonstrated 
by alkylation with n-butyl bromide (iodide) to produce 
2,2-dimethylhexanoic acid in preparatively useful 
yields (Table I). 

The alkylation of 2 (R = CH3) has synthetic utility 
for the preparation of highly hindered trialkylacetic 
acids. Several examples are illustrated in Table I. 
Useful yields were obtained for those alkyl halides that 
were not especially susceptible to elimination or related 
side reactions. The alkylation of dilithium derivative 
2 (R = CH3) appears to  be superior, even for such 
a sterically hindered example, to the alkylation of 
sodium sodioacetateg and more direct than most syn- 
theses of trialkylacetic acids. lo The yields of prod- 
uct are comparable to those obtained for the alkyla- 
tion of lithioisobutyronitrile.” When 2 (R = CH,) 
was similarly treated with aliphatic dihalides, the 
tetramethyldicarboxylic acids listed in Table I1 were 
obtained. l 2  

Table I. Synthesis of Alkyldimethylacetic Acids from 
Metalated Isobutyric Acid 

LiC(CH&C02Li + RX + RC(CH3)2C02H 

Alkylating agent 
Alkyldimethyl- 
acetic acid,a 

n-Butyl bromide 
n-ButyI iodide 
Allyl chloride 
Benzyl chloride 
P-Bromophenetole 
2-Bromoethyl ethyl ether 
Cyclohexyl bi omide 

80 
89 
61 
46 
41 
66 

6 

(1 Satisfactory combustion analyses and consistent spectral data 
have been obtained for all products, as well as satisfactory com- 
parison of physical properties with reported values. Yields are 
based on purified product. 

(7) The metalation of other aliphatic, olefinic, araliphatic, and toluic 

(8) Contrast with the poor solubility of sodium sodioa~etate .~n,~ 
(9) H. Hopff and H. Diethelm, Am., 691, 61 (1966). 
(10) C. Hennart, Ind. Chim. Belge, 30, 820 (1965), reviews the various 

syntheses. 
(11) K. Ziegler and H. Ohlinger, Ann., 495, 84 (1932). 
(12) A. M Durr, Jr., H. H. Eby, and M. S. Newman, U. S .  Patent 

3,210,404 (1965); Chem. Abstr., 64, 1968d (1966) (for comparison with 
the preparation of a,a,w,w-tetraalkyldicarboxylic acids by alkylation of 
esters). 

acids will be subjects of future reports. 
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