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CORRECTION: The “4(S)” stereochemistry herein is actually “4(R)”.
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4(S)-Hydroxyproline (Hyp) residues constitute about 10% of most forms of collagen, the most abundant
protein in vertebrates. X-Ray diffraction analysis was used to ascertain how the structure of proline residues,
is affected by the inductive effect elicited by the hydroxyl group of Hyp residues. N-Acetylproline methylester
(1), N-acetyl-4(S)-hydroxyproline methylester (2) and N-acetyl-4(S)-fluoroproline methylester (3) were syn-
thesized, and their crystalline structures were determined at high resolution. The amide bond of erystalline
1 was in the ¢is conformation, which is the minor isomer in solution, and the pyrrolidine ring of 1 had C»
endo pucker. In crystalline 2 and 3 the amide bonds were in the rrans conformation, and the pyrrolidine rings
had Ci-exo pucker. The lengths of the bonds between sp*-hybridized carbon atoms in the pyrrolidine ring
were significantly shorter in 2 and 3 than in 1, as was predicted by ab initio molecular orbital calculations at
the RHF/3-21G level of theory. No significant change in bond length was observed in the other bonds of
1, 2 or 3. The pyramidylization of the nitrogen atom increased dramatically in the order: 1 <2 <3. Together,
these results indicate that electron-withdrawing substituents in the 4-position of proline residues can have a
significant influence on the structure of these residues. In particular, the change in pyramidylization suggests
that such substituents increase the sp*-character of the prolyl nitrogen atom and could thereby alter the rate
of prolyl peptide bond isomerization. ® Munksgaard 1994.
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Collagen is the most abundant protein in vertebrates
(1-3). Each polypeptide chain of collagen is composed
of approximately 300 repeats of the sequence: X-Y-Gly,
where X is often a proline (Pro) residue and Y is often
a 4(5)-hydroxyproline (Hyp) residue. In connective tis-
sue, collagen chains form triple-helical arrays in which
all of the peptide bonds are in the trans (Z) conforma-
tion. These arrays are then organized into fibrils of great
tensile strength (4).

The role of the hydroxyl group of Hyp residues in
collagen structure and function is uncertain. The hydro-
xylation of proline residues occurs after collagen bio-
synthesis, but before the chains begin to form a triple
helix. The effect of prolyl hydroxylation on the rate of
triple helix formation is not known. Hydroxylation is
known, however, to increase the thermal stability of
triple-helical collagen (5, 6), but the molecular basis for
this increased stability is not clear. Models based on the
structure (7, 8) of triple-helical collagen and conforma-
tional energy calculations suggest that no hydrogen
bonds can be formed between the hydroxyl group of
Hyp residues and any backbone groups of the same
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triple helix (9). Several other models have been pro-
posed, however, in which a water molecule forms a
bridge between the hydroxyl group and a mainchain
carbonyl group (3).

The electronegative oxygen atom of a hydroxyl group
is effective at withdrawing electron density by through-
bond and through-space interactions. This inductive
effect is apparent in the acid dissociation constants of
appropriate derivatives. For example, the pK, of the
secondary ammonium group of Pro is 10.64, while that
of Hyp is 9.66; and the pK, of the carboxylic acid group
of Pro is 1.95, while that of Hyp is 1.82 (10). These
differences in acidity are consistent with the manifes-
tation of an inductive effect that draws electron density
toward the hydroxyl group of Hyp.

Any inductive effect from the hydroxyl group of Hyp
residues should be apparent in the structure of these
residues. To determine the effect of electron withdrawal
on the structures of proline residues, N-acetylproline
methylester (1), N-acetyl-4(8)-hydroxyproline methyl-
ester (2) and N-acetyl-4(S)-fluoroproline methylester (3)
were synthesized. The methylester was used to mini-


























